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INTRODUCTION

The US Forest Service, our partners in the National Association of University Forest Resources Programs, and our sponsors welcomed 2,492 delegates from 100 countries, including 700 students, to the XXIV World Congress of the International Union of Forest Research Organizations on 5-11 October 2014 in Salt Lake City, Utah. In response to an invitation from the Congress Organizing Committee Chair, the joint annual meetings of the Society of American Foresters and the Canadian Institute of Forestry brought another 1,300 professional foresters to join us. The combined meetings were the largest ever held in the United States of America focused on forests.

The XXIV World Congress, titled "Sustaining Forests, Sustaining People -the Role of Research," was highly successful in bringing together scientists from the many ecological, economic, and social disciplines that study forests and the communities that depend on them. The scientific papers presented captured the current state of science around the world. Creating this scientific program was a complex three-year effort, which required close coordination between the Congress Scientific Committee, the Congress Organizing Committee, and more than 300 colleagues worldwide who served as organizers and moderators of plenary, sub-plenary, technical, and poster sessions. The Congress scientific program included 1,245 paper presentations in 19 sub-plenary sessions, 172 technical sessions and special student sessions, and 1,192 poster presentations. The in-Congress tours effectively demonstrated how research is being applied by land managers, while also introducing delegates to stunningly beautiful Utah landscapes. The trade exhibition highlighted innovations in technologies, products, and services occurring around the world. Local community events, side events, and business sessions enriched the dialogue around forests and forest-research collaboration. The Special Programme for Development of Capacities brought a group of 71 delegates to a week-long training session the week before the Congress.

This report documents what occurred during the Congress. It is designed to be an aide-mémoire for delegates who attended, reminding them of the presentations and what happened in Salt Lake City that week. The synopses of the plenary, sub-plenary, and technical sessions that comprise the bulk of the report are reference material for scientists and policy makers worldwide who are interested in understanding the state of science in the forest sector. Additional details about the schedule and substance of the Congress are found on the Congress website (http://www.iufro2014.com). For the first time at an IUFRO Congress, the ceremonies, plenary presentations, and interviews with award winners and others were recorded. Over 12 hours of digital video are on the IUFRO YouTube channel (http:// www.youtube.com/user/iufro). Links to specific videos are included in the body of this report, so the narrative descriptions of some elements of the ceremonies and the plenary presentations are very short. Interested parties are encouraged to view the videos.

This report has been designed first and foremost as an electronic document. It has many internal links and is fully searchable online. The compilers believe that electronic publication has become the current practice in the international scientific community. Hard copies have not been printed and are not available from either IUFRO or the Forest Service. People who want a paper copy for their records are encouraged and authorized to print a copy locally to meet their own needs.

As is customary in proceedings of scientific meetings, there are no details in this document about the organization of the Congress. The organizational details were absolutely critical to creating a memorable Congress. But because the compilers thought that there are two different audiences -a large audience for the scientific content of the meeting and a smaller, different audience interested in the organizational details -they chose to create this document to serve the former audience and deliberately omitted organizational aspects of the Congress. Persons in the latter audience who are interested in the lessons learned from organizing this Congress to help them create better regional or global scientific meetings should contact Richard Guldin, the Chair of the Congress Organizing Committee (rwguldin_at_gmail. com), who will be pleased to share what happened and what was learned. En la persecución de estas metas hará falta de una colaboración eficaz entre personas a través de paisajes, sectores y disciplinas. Durante los próximos cinco años, IUFRO se compromete a aprovechar las fortalezas de su red actual de cooperación mundial. Especialmente, IUFRO va a extender su investigación interdisciplinaria y su colaboración con científicos de campos relacionados y ampliar su diálogo y servicios con otras organizaciones, comunidades, gestores de tierras y responables de políticas.

La necesidad de cooperación internacional en investigación forestal y diseminación de resultados de investigación, nunca ha sido mayor. En su capacidad de red mundial para la ciencia forestal, IUFRO hará todo lo posible para responder a esta necesidad.

Soutenant Les Forets, Soutenant Les Peuples: Le Role De La Recherche -La Declaration De Salt Lake City

Les forêts et les arbres sont d'une importance primordiale pour la qualité de vie des Hommes de par le monde. En effet, elles produisent des revenus, soutiennent la productivité agricole, sont cruciales pour la sécurité alimentaire et la nutrition, ainsi que pour l'apport en eau douce. Enfin, elles représentent une source d'énergie renouvelable abordable et durable, et fournissent divers produits forestiers. De plus, les forêts et les arbres sont la clé de notre bien-être futur, en ce qu'ils améliorent la qualité environnementale des centres urbains, contribuent à la mitigation et à l'adaptation aux changements climatiques, ainsi qu'à la conservation de la biodiversité, de laquelle notre survie dépendra à terme.

Le 24 ème Congrès Mondial de l'Union internationale des instituts de recherches forestières (IUFRO), sur le thème « Soutenant les forêts, soutenant les peuples : le rôle de la Recherche » a réuni 2500 scientifiques venus de plus de 100 pays, et 1300 forestiers professionnels nordaméricains. Cela a été une occasion unique de présenter et discuter les besoins actuels et futurs de la recherche en sciences forestières. Le Congrès a porté sur le rôle de la science dans la mise au point de manières concrètes d'améliorer la résilience des forêts, et leur capacité à fournir les bénéfices environnementaux, économiques, sociaux, culturels, spirituels et ceux liés à la sante, qui servent les sociétés urbaines et rurales dans le monde entier.

A l'issue de ce Congrès Mondial, l'IUFRO se donne pour objectif d'étendre et d'intensifier ses efforts visant à développer et promouvoir des solutions intégrées à ces défis sociaux, environnementaux et économiques interconnectés, auxquels il nous faut faire face ensemble. Ces efforts pourront également servir de base l'an prochain aux discussions du XIV ème Congrès Forestier Mondial 2015 et celles ayant lieu à l'occasion d'autres rassemblements importants, en particulier le Forum des Nations Unies sur les Forêts qui devra promouvoir les efforts actuels visant à établir un agenda de développement post-2015 intégré et cohérent.

Travailler dans cette direction demandera une collaboration efficace entre des acteurs venus de secteurs et de disciplines différentes. Au cours des cinq prochaines années, l'IUFRO s'engage à s'appuyer sur les forces de son réseau mondial actuel. En particulier, l'IUFRO développera les recherches interdisciplinaires et les partenariats avec les scientifiques dans les disciplines liées à la recherche forestière. De plus, le dialogue avec les autres organisations, les communautés locales, les aménageurs du territoire et les décideurs politiques sera intensifié, et les services qui leurs sont offert étendus.

Le besoin de coopération internationale dans le secteur de la recherche forestière et celui de disséminer les résultats de recherche, sont aujourd'hui à leur apogée. En tant que réseau mondial pour la science forestière, l'IUFRO se doit de faire tout son possible pour répondre à cette demande.

Nachhaltigkeit Im Wald, Nachhaltigkeit Für Den Menschen: Die Rolle Der Wissenschaft -Die Deklaration Von Salt Lake City

Wälder und Bäume spielen eine Schlüsselrolle für den Lebensunterhalt und die Lebensqualität der Menschen auf der ganzen Welt; sie schaffen Einkommensquellen, tragen zum Erhalt der landwirtschaftlichen Produktivität sowie der Nahrungs-und Ernährungssicherheit bei, sorgen in entsprechendem Umfang für sauberes Wasser und sind zudem leistbare und nachhaltige Quellen erneuerbarer Energie und forstlicher Güter. Wälder und Bäume sind somit von essentieller Bedeutung für unser zukünftiges Wohlergehen; sie tragen zur Verbesserung der Umweltqualität in den wachsenden Metropolen sowie zur Anpassung an den Klimawandel und zur Abschwächung seiner Auswirkungen bei. Darüber hinaus steuern sie wesentlich zum Erhalt der biologischen Vielfalt unseres Planeten bei, von der unser Überleben letztendlich abhängt.

Der XXIV Weltkongress des Internationalen Verbandes Forstlicher Forschungsanstalten (IUFRO) unter dem Thema "Nachhaltigkeit im Wald, Nachhaltigkeit für den Menschen: die Rolle der Wissenschaft" vereinte 2500 Wissenschaftler aus mehr als 100 Ländern, sowie 1300 Forstpraktiker aus Nordamerika. Der Kongress bot eine einzigartige Plattform für die Präsentation und Diskussion heutiger und zukünftiger Anforderungen an die waldbezogene Forschung und Wissenschaft weltweit. Dabei wurde die Rolle der Wissenschaft beleuchtet und es wurden praktische Maßnahmen zur Stärkung der Widerstandskraft der Wälder definiert sowie zur Förderung ihrer Fähigkeit, Leistungen für Umwelt, Wirtschaft, Gesellschaft, Kultur, spirituelle Werte und Gesundheit zu erbringen, die sowohl der ländlichen als auch der städtischen Bevölkerung weltweit nutzen.

Ausgehend von diesem Weltkongress wird IUFRO seine Suche nach umfassenden Lösungen für die eng miteinander verflochtenen wirtschaftlichen, sozialen und umweltbezogenen Herausforderungen, denen wir alle gegenüberstehen, ausweiten und verstärken. Diese Bestrebungen werden auch in die Diskussionen einfließen, die 2015 am XIV Weltforstkongress und anderen bedeutenden Konferenzen wie dem Waldforum der Vereinten Nationen stattfinden werden und die laufenden Bemühungen zur Erstellung einer kohärenten und ganzheitlichen Entwicklungsagenda nach 2015 unterstützen sollen.

Die Verfolgung dieser Ziele erfordert eine wirksame Zusammenarbeit von Menschen über die Grenzen von Landschaften, Sektoren und Disziplinen hinweg. In den nächsten fünf Jahren wird IUFRO weiter auf den Stärken seines jetzigen globalen Netzwerks aufbauen. Vor allem wird IUFRO die interdisziplinäre Forschung sowie die Zusammenarbeit mit Wissenschaftlern aus verwandten Disziplinen ausweiten und den Dialog sowie die Dienstleistungen für andere Organisationen, die Bevölkerung, Landmanager und politische Entscheidungsträger verstärken.

Die Notwendigkeit einer internationalen Zusammenarbeit in der Waldforschung und der Verbreitung der Forschungsergebnisse war noch nie so groß wie heute. Als weltweites Netzwerk der Waldwissenschaft wird IUFRO sein Möglichstes tun, um diesen Anforderungen zu entsprechen.

CEREMONIES

Congress

CEREMONIES

Tree Planting Ceremony

One hundred fifty people gathered on Sunday afternoon, 5 October, at the International Peace Gardens in Salt Lake City, to plant trees to commemorate the Congress and to leave a legacy gift to the host city. Four trees were planted by IUFRO and one by the Society of American Foresters (SAF). Robert Bonnie, USDA Under Secretary for Natural Resources and the Environment; Thomas Tidwell, US Forest Service Chief; Brian Cottam, Utah State Forester; Todd Reese, Salt Lake City Parks and Public Lands Program Director; and Niels Elers Koch, IUFRO President, each spoke on the importance of forest research and international exchange. Bronze plaques commemorating the IUFRO Congress and SAF were unveiled. Seven children from Utah who had won the statewide 2014 Arbor Day poster competition were invited, displayed their posters, and helped to plant the trees.

The trees planted were:

• Cedar of Lebanon (Cedrus libani): To commemorate IUFRO's long history and the location of the planting in the Lebanese section of the gardens.

• European Beech (Fagus sylvatica): To commemorate IUFRO's roots in Europe.

• Piñon Pine (Pinus edulis): To commemorate the importance of trees, and this species particularly, to the Native Americans who originally inhabited the region.

• American Chestnut (Castanea dentata): To commemorate the role of research in combating a deadly fungus, Chestnut Blight (Cryphonectria parasitica), that virtually eliminated American Chestnut from America's forests in the early 1900s.

• Bigtooth Maple (Acer grandidentatum): To commemorate the joint Society of American Foresters and Canadian Institute of Forestry meetings co-located with the IUFRO Congress.

The COC especially thanks Melissa Jenkins, Forest Service, and Meridith Perkins, Utah Department of Natural Resources, for their excellent assistance in organizing the Tree Planting Ceremony.

Five major ceremonies were held as part of the Congress:

1. Tree Planting Ceremony 2. Opening Ceremony 3. Wangari Maathai Award Ceremony 4. SAF/CIF/IUFRO Joint Event Ceremony

Closing Ceremony

Opening Ceremony

Delegates were welcomed to the United States and the Congress on Monday, 6 October. Native American performers from five tribes indigenous to Utah treated delegates to traditional flute music, dance, and song, honoring the first people of these lands (video 04:24-24:32). A 10-minute film, A Tribute to America's Forests, was produced and shown to honor the diverse forests of America. The IUFRO flag was raised, witnessed by US Forest Service Deputy Chief Jim Reaves and Steven Bullard, President of the National Association of University Forest Resources Programs.

Niels Elers Koch, IUFRO President, provided the opening address on behalf of . He welcomed the nearly 2,500 delegates from over 100 countries to the 24th IUFRO World Congress. Niels Koch provided a special welcome to the nearly 700 students in attendance, as they represent the future of forest science and IUFRO. He reflected on his first World Congress in 1976 in Norway and how this changed the rest of his life -by finding the global network to the premier scientists in his field of study and colleagues who have become his best friends -and an appreciation for different cultures as a result of his exposure. He shared three wishes for all delegates at the Congress: first, that IUFRO provide them the same opportunities he has had; second, be willing to share your knowledge; third, get involved with IUFRO, as the people are its strength. His remarks also reviewed the IUFRO Strategy for 2010-2014 and how it influenced collaboration around its themes and the development of the Congress program. The meetings by IUFRO's Divisions, Research Groups, Working Parties, and Task Forces around these themes over the past four years are the "pulse" of IUFRO, bringing people together in the global network. He spoke to how IUFRO has also evolved as a major player in influencing the consideration of forest science in global policy forums, especially through the Collaborative Partnership of Forests. The partnership with the International Forestry Students' Association was also highlighted. He said, "The IUFRO World Congress provides an excellent global platform to present and discuss research results and to stimulate further research." The Congress program was reviewed, and he welcomed delegates to make the most of the Congress and wished for each that it would be the best World Congress that they have participated in.

United States Department of Agriculture Under Secretary for Natural Resources and the Environment Robert Bonnie provided the keynote speech (video 54:54-1:12:36), where he touched on the importance of understanding ecosystem services, the implications of a changing climate, the challenges and opportunities of managing forests for multiple uses, the need for a new era of forest stewardship and fire management, the importance of healthy watersheds, and, ultimately, the critical importance of collaborative approaches. "A healthy and prosperous planet depends on the health of our natural resources, and in particular on the conservation of the world's forests. But our success in conserving, managing, and restoring our forests depends to a significant degree on a solid foundation of science and research," said Bonnie.

Important partners also made addresses to IUFRO, the United Nations and the International Forestry Student Association. Thomas Gass, Assistant Secretary-General for Policy Coordination and Inter-Agency Affairs, Department of Economic and Social Affairs, United Nations, provided a video address to delegates (video 1:14:00-1:20:00) where he spoke about the Rio+20 sustainable development goals and how forests have been a key element in the discourse, especially in their vital role as watersheds; and how solid scientific advice is needed in policy discussions. Eduardo Rojas-Briales, Assistant Director General for Forests, United Nations Food and Agriculture Organization (video 1:20:20-1:29:28), spoke about the need for evidence-based information to inform political decisions in this globalized and complex world arena where forests are forced to compete against other priorities. Rojas-Briales spoke to the importance of both understanding the goods and services that forests provide and focusing attention on enabling their upstream flow (e.g., restoration) and the financial and governance mechanisms to ensure a sustainable future for these goods and services. He spoke to the sociocultural, economic, and environmental contexts that need to be considered by researchers and made a call for making forests more visible on the world stage. May Anne Then, President, International Forestry Students Association (video 1:29:50-1:34:21), informed delegates about IFSA and their role in knowledge and cultural exchange and in connecting students and promoting student learning.

Native flute player

Niels Elers Koch's opening speech

Local children at the Opening Ceremony

The addresses were followed by the delivery of two major sets of awards, the Host Country Scientific Award and the IUFRO Scientific Achievement Awards.

The ceremony was moderated by Richard Guldin, Chair of the Congress Organizing Committee, Forest Service, and chaired by Niels Elers Koch, IUFRO President.

View the complete Opening Ceremony here: https://www.youtube.com/watch?v=lxlsTbUyfFU&list=PLoCgwC3s55P4jHsu4lbsd6wYrR2Z8_rF-&index=1

Wangari Maathai Award Ceremony

Congress organizers were honored when the Collaborative Partnership on Forests selected the Congress as the location to deliver the prestigious award. Wangari Muta Maathai was a Kenyan environmental and political activist, who in 2004 became the first African woman to receive the Nobel Peace Prize for "her contribution to sustainable development, democracy, and peace."

The award in her honor recognizes an individual who has made outstanding contributions to preserve, restore, and sustainably manage forests while raising awareness of the key role forests play in supporting local communities, rural livelihoods, women, and the environment. On Monday, 6 October, this award was given to Marta "Pati" Ruiz Corzo of Mexico. Corzo is recognized for making conservation profitable for rural communities in the Sierra Gorda Biosphere Reserve, one of the most ecologically diverse areas of Mexico. Her moving acceptance speech (video 9:18-24:35) and call to action for a more sustainable and equitable planet inspired many during the award ceremony.

Alexander Buck, IUFRO Executive Director, moderated the ceremony, and the award was presented by Eduardo Rojas-Briales, Assistant Director General for Forests, United Nations Food and Agriculture Organization, on behalf of the 14 international groups -including IUFRO -who are members of the Collaborative Partnership on Forests (http://www.cpfweb.org/77034/en).

View the ceremony here: https://www.youtube.com/watch?v=QGln0CAEiIg

SAF/CIF/IUFRO Joint Event Ceremony

On Thursday, 9 October, the Society of American Foresters (SAF) and the Canadian Institute of Forestry (CIF/IFC) joined IUFRO in a ceremony to commemorate this joint event. It was also the opening ceremony for the SAF/CIF convention -which was held concurrently from October 9-11 and colocated with the IUFRO World Congress. Over 3,500 people were in the Plenary Hall for this event.

Robert Bonnie, United States Department of Agriculture Under Secretary for Natural Resources and the Environment, provided the opening address (video 2:48-8:04), where he spoke about the importance of forests and how forest conservation and restoration are critical to addressing climate change. Bonnie talked about the challenges of fires, urbanization, diseases, and forest loss and the need to reward landowners for good stewardship and expand incentives for maintaining forests and the goods and services they provide. Collaboration and partnerships were highlighted as a way to positively influence the science-management-policy interface and that many science disciplines are needed to create the knowledge required to address today's and the future's natural resources issues. "While the threats facing forests are significant…the opportunities facing us are also great…the stakes are high, but if history is any indication, we are up to the challenge," said Bonnie.

and more) -to build a forest sector resilient to the many challenges we face -energy needs, climate change, population growth.

The leaders of the three organizations (Dave Walters, SAF President; Tat Smith, CIF/IFC President; and Niels Elers Koch, IUFRO President) came together on the stage to welcome delegates. To showcase the unique diversity of the combined event, delegates were asked to stand and be recognized as their country appeared on the projected globe (video 14:45-21:55).

Watch the entire ceremony here: https://www.youtube.com/watch?v=0iCqtzuzD4A

Closing Ceremony

On the afternoon of Saturday, October 11, delegates came together for the Closing Ceremony of the 2014 World Congress.

Moderated by Richard Guldin, Chair of the Congress Organizing Committee, the ceremony began with recognizing all of the many individuals and groups that contributed to organizing the Congress. Jennifer Hayes, Congress Project Manager, and Daryl Lederle, Congress Project Specialist, were specifically thanked for the organizing roles they played. A slideshow of photos reflecting on the Congress was played (video 8:56-13:00).

John Parrotta, Chair of the Congress Scientific Committee, recognized the members of the Committee, session organizers, speakers, and poster presenters for their contributions and read the Congress Resolution (video 13:58-19:54; see The Salt Lake City Declaration on page 12). The decisions of the International Council were shared (video 34:09-36:10; see page 97) and the new IUFRO Board for 2014-2019 was introduced (video 36:22-39:00; see page 99).

Mike Wingfield was introduced as the incoming President of IUFRO and provided an inaugural address (video 41:22-58:00). In this address, Wingfield spoke to his history with the organization and set his goals for his presidency over the next five years. He challenged the students to tell their stories of how IUFRO touched them and to strengthen their networks and collaborate across the globe. He spoke to the importance of IUFRO in providing sound, reliable data and to help tell the story of forests and forestry to the global general public. He spoke to the diversity of goods and services that forests provide, in providing wood, as lungs of the Earth, in contributing to global food security, for housing biodiversity, and more. The IUFRO Strategy was discussed as the platform for organizing the important work of the next five years. He talked about the power of the intersection of the different disciplines and the value of regional meetings and various IUFRO meetings to draw on this strength. He spoke to his commitment to building IUFRO's network in Africa, Latin America, and other areas where IUFRO does not have a strong presence and that IUFRO needs to improve its recruitment of women into the network to provide for more gender balance and greater diversity.

Niels Elers Koch provided his final address as IUFRO President (58:20-1:04:58). He gave three wishes to all participants: that delegates have the same excellent opportunities and experiences that he has had through IUFRO; that delegates have used the Congress to share knowledge with others, so that all attending can benefit; and finally, that delegates will commit to getting involved in IUFRO, as it is the great strength of IUFRO to have committed members. He thanked the organizers, the National Association of University Forest Resources Programs, SAF, CIF, IFSA, and Congress delegates for all of their assistance and participation during the Congress. He also expressed thanks for all of those who supported him during his presidency and shared what an honor and joy it has been to lead IUFRO. His He is a structural engineer with a broad range of interests, including timber engineering, sustainability, fire safety, and earthquake engineering. His talk, "Modern Timber Buildings from Sustainable Forests," started with the story of an earthquake that shook Christchurch, New Zealand in 2010. Buchanan showed many pictures of the different buildings made of different materials: timber, concrete, brick, etc. Solid wooden houses performed extremely well, as did engineered timber buildings.

Half of Christchurch was demolished, and many buildings were damaged beyond repair. As the city began to rebuild, there was much discussion about the type of city the population wanted. They considered rebuilding all in wood; there is a history in New Zealand of building solely out of wood, because it withstands earthquakes. However, architects are not well-versed in using wood as building material, and there are misconceptions about the flammability of engineered timbers.

The timber industry in New Zealand is based around a non-native species, Monterey Pine (Pinus radiata). Half of the wood in New Zealand is exported as logs, not pre-manufactured timber buildings. There are three types of engineered wood products that are developed in New Zealand to fill the demand for wooden buildings: glulam, cross-laminated timber (CLT), and laminated veneer lumber (LVL). Many of these products were engineered to work in structures designed to withstand earthquakes. CLT can be made into hollow beams that are then threaded with high-tensile cables that allow the building to move in an earthquake. Any damage that may be sustained is easy to repair and not as expensive as some other methods using non-wood materials. There are many examples of timber buildings throughout the world now: in Canada, Germany, and Switzerland. Even with the steel and concrete lobbies, there is a future in building with wood, especially as more engineers and architects become better versed in building with these materials.

Andrew Wong, Coordinator of Division 5 -Forest Products, moderated the session.

View Andy Buchanan's plenary address here: https://www.youtube.com/watch?v=4OJDAN6NU9Q Tuesday, 7 October: David Newbery David Newbery is Professor for Vegetation Ecology at the Institute of Plant Sciences, University of Bern, Switzerland, with special focus on tropical forest ecology. His other areas of expertise lie in data analysis and theoretical ecology. David Newbery's talk was entitled "On Maintaining Cycles and Feedbacks in Tropical Forest Ecosystems: Some Thoughts from Basic Research." He discussed thoughts on what ecology can bring to forestry through ecosystem structure and dynamics, the role of environmental stochasticity, and prediction capabilities and uses. He argued that we need to reconsider ecology in forest management.

Ecology is a special science -the ecosystem is a part of ecology. Some, however, argue that ecosystems don't exist, are useless, or are just too complex. Newbery argued that not all ecosystems have to be complex to be worthy of ecological investigation. Natural systems are always in flux, and one cannot assume that nature is stable and maintains equilibrium. These are just boundaries we have imposed upon nature to ensure our models and methods create orderly data. Newbery cautioned against this impulse, instead noting, "the real world…is multi-causal and non-linear." Instead, we need to understand how nature functions and exercise control through management and pragmatic approaches at the mid-level. Newbery posited that this is the next challenge to all science, not just ecology. The ecosystem concept must be explored again.

Discussions of population dynamics must take into consideration, Newbery argued, because the ecological world is not full of straight lines. If we were to admit that more temporal variability in ecology and forestry exists, the "next 500 year" models would not even be considered. He encouraged more thinking on the meso-ecosystem level to ensure that in a one-, two-, and three-species mixture, planted or managed, the ecosystems' properties are shown and maintained. Detail matters, and the application of all-purpose models do the study of these systems a disservice.

Ecology is a historical science, and it is necessary to understand the past influences on a forest before any attempt is made to make sense of the present or future. Newbery offered three options in response to the question of admitting we do not know enough detail to understand fully what we want to manage. One is the conservation approach, which works well for a small percentage of forests. However, the majority of forests is immediately affected and managed by humans, and so requires a different approach.

Newbery has been very involved in two study sites for over 25 years: Sabah in northeast Borneo and Korup in southwest Cameroon. He detailed his findings on both sites. In conclusion, he said: "I am advocating a better recognition of, and hence more attention and thinking about, the role of environmental stochasticity [colored noise] on forest ecosystem dynamics." IUFRO Vice-President for Task Forces Su See Lee moderated the session.

View David Newbery's plenary address here: https://www.youtube.com/watch?v=W4b7SGuDzI4

Thursday, 9 October: Joint Plenary Two individuals took the stage to deliver joint plenary keynotes. Jack Dangermond is the founder and president of Esri, the widely recognized leader in geographic information system (GIS) technology. David George Haskell is a Professor of Biology at the University of the South, and his work integrates scientific and contemplative studies of the natural world. Frank Roth, of the Intermountain Society of American Foresters, introduced the speakers.

Jack Dangermond talked about the science of geography and GIS as tools that allow us to better measure and understand the world around us. With new technologies, you may collect data once and be able to see it in a multitude of ways. GIS also gives the user a practical means of doing things. Today's forests are facing many challenges -climate change, fire, deforestation, invasive species, and a growing demand for wood products. Through web (Internet) integration, many maps from many different sources, that may or may not have the same parameters, can be overlaid on one another. The data you can pull from these many layers is very valuable, especially for forest researchers and managers. Dangermond also provided a demonstration of WebGIS by Esri. This demonstration showed the power of multiple sets of data from many sources in one map.

David Haskell just released "The Forest Unseen," which was a study of one square meter of land in Tennessee. His inspiration for the book came from a late-winter walk on a mountain slope in the southern Appalachians. "I wanted to conduct an experiment in experience," he said. "What would it be like to spend hundreds of hours in one place? I wanted to tell the stories of the forest for non-specialists." According to Haskell, the wonder of nature is too often buried away from the general public in scientific papers and technical reports. "We can't hope as a broader society to be responsible co-participants in life's community without knowing the nature of that community." There is inherent value in society at large in knowing about the community we live in and knowing something about our kin. Personal sensory experience gives us an awareness of small-scale processes and warns of the limits of our knowledge.

Animals are connected to a cross-species social network, alerting each other to what is happening and the threats in the world around them. "It's like nature's Facebook," he said, "but if you miss the status update, you are dead." To Haskell, the fundamental reality is not the self but the network. Without the network, the individual falls out of existence, but the challenge is that we barely understand most of the connections. Haskell concluded with an invitation to consider how the audience members might conduct their own experiments. To quote T.S. Eliot: "Be still and wait."

View the joint plenary addresses here: https://www.youtube.com/watch?v=0iCqtzuzD4A (video 25:03-1:55:12)

The keynote speakers were joined by three panelists for a panel discussion following the keynotes: Mila Alvarez, Principal of Solutions for Nature, a consulting firm specializing in research and analysis in the fields of domestic and international natural resources policy, management, and decision-making; Sally Collins, the first Director of the United States Department of Agriculture Office of Environmental Markets, and Co-chair of MegaFlorestais, an organization established to informally connect the top forest leaders in the world; and Mike Wingfield, the President-Elect of IUFRO. The panel was moderated by Nalini Nadkarni, a pioneer in forest canopy studies and in communication of forest canopy research to scientists and the public from the University of Utah.

The panelists were asked to consider the question "How can we effectively integrate the many ways of understanding forests to create the best paradigms to manage them?" The panelists agreed that a good way to start is to slow down and be more deliberate. However, Wingfield pointed out that the real world doesn't always slow down; Alvarez mentioned we often take time as a constant variable. Many forested ecosystems are thousands of years old, but our society lives in the present. The panel also discussed some of the obstacles that must be overcome in the interface between forest science and forest management. Scientists work more slowly than managers, who often would like an immediate answer to a problem. Integrating science into management is an art form, pointed out Collins, and the two cultures have to meet in the middle to be effective.

Panelists also favored clear communication to help bridge the gap between science and management. Haskell pointed out that storytelling is a mechanism that encourages conversation and listening across big divides. Branching out into areas that are not directly in line with one's profession helps to bridge gaps as well. The panel also discussed the place of ethics, especially as it relates to sharing, or not sharing, data and even how those data are displayed. Knowledge is power, and Dangermond noted that the world seems to be moving toward a more open sharing of data through the power of the Internet.

Beyond," she discussed the gradual growth of forestry's interest in people, the importance of addressing gender, and why addressing this nexus is important.

The new millennium brought even more interest in forests and people; in 1978, the World Forestry Congress first discussed forests for people. Colfer gave the example of people-forests research that CIFOR and its partners are conducting: giving attention to human well-being, working collaboratively with communities and their subgroups, attention to people's knowledge about forests, and focus on power relations (including ethnic and gender studies). Many forestry institutions around the world have a single-minded focus on timber, without paying much attention to biodiversity or non-timber forest products. Their staffs rarely have social scientists, and very little interaction with local communities leads to antagonism toward local people who are just going about their daily lives.

However, she pointed out that the results are less than favorable: Forests remain in decline, human well-being has hardly improved, and benefits continue to be inequitably distributed. There has been more and more research done in the last three years on women and forests. Looking at women alone, though, is not enough. There is a tendency toward academic silos where one group knows a lot about women and another knows a lot about forests. The two need to be brought together, as well as discuss male-female relations, and subjects that were previously taboo, such as population growth, social vacuums, and the threat of violence toward women that venture into enterprise.

Colfer sees potential in the future of research that works closely with communities via adaptive collaborative management or participatory action research. "Research should try to marry what the local communities know and want with broader goals," said Colfer. "We can figure out ways to minimize damage while benefiting local people and the environment."

In conclusion, in terms of sustainability, there is still much work to do. There are a lot of assumptions about men and women that vary from place to place and need to be overcome. We need to gather more information and look at that information through a gender lens. Often, the current research does not need to be completely redone but rather just tweaked to address gender concerns. Finally, we need to think about how we can integrate this information into ongoing forest management. Daniela Kleinschmit, Coordinator of IUFRO Division 9 -Forest Policy and Economics, moderated the session. View Colfer's plenary address here: https://www.youtube.com/watch?v=36gmKt09lpc

Saturday, 11 October: Cecil Konijnendijk van den Bosch Cecil Konijnendijk van den Bosch, a Dutch national based in Sweden, holds the post of Head of the Department of Landscape Architecture, Planning, and Management at the Swedish University of Agricultural Sciences. He is also part-time professor of green space management at the University of Copenhagen. During his keynote, entitled "City Forests, Forest Cities -Exploring the Complex Liaison Between the Sylvan and the Urban," Konijnendijk discussed urban forests and the populations that interact with them.

Urban forests bring a range of benefits to cities. They can cool the air, clean the atmosphere, and provide shade on hot summer days. But according to Konijnendijk, perhaps most important of all is the fact that they can make us smile. "I would argue that we as urban foresters are in the business of creating happiness," he said. "And that is a very good goal to have." Most of the world's population lives in cities, so much of the world's experience with forests comes from that interaction. Focusing on growing forests in cities is increasing in importance as the world's population continues to urbanize. This urbanization may make many aspects of life better, but it also carries with it unfortunate consequences. "We are not as mobile as we once were," he said. "As a result, obesity is on the rise, which has an impact on public health."

Fortunately, even though encouraging urban forests might not be as common as it could be, it is not a new concept. There is a long tradition of cities connecting to their natural heritage by embracing and conserving trees. If there are no trees, they plant trees. People bring the forest into the city. The benefits of urban forests go beyond the traditional environmental considerations. People move to cities to find livelihoods and economic opportunities. Urban forests can serve many communities and needs. For example, urban agriculture is important in providing food. A sense of community also is important. We flock to cities to build communities, and when we create new green spaces, we have to build communities around them. We establish a connection between people and place. Urban forests also enhance biocultural diversity, resiliency, creativity, and happiness. "Trees can even," he said, "help us reach self-actualization, the top level of Maslow's hierarchy of needs."

Calling to mind the work of writer Richard Louv, Konijnendijk noted that our society has developed "nature-deficit disorder." Society today relies heavily on technology, and we are losing the connection between nature and ourselves. To bring people back to nature, it is possible that we can use that same technology. Communities can bring Wi-Fi access to public parks to encourage people to take their technology outdoors.

There are other barriers to bringing forests to the cities. It is important to convince policy makers that trees have value. He noted there are groups and tools available to help urban foresters overcome those barriers, such as the Canadian nonprofit 8-80 Cities and the US Forest Service's i-Tree. Finally, one key area in which Konijnendijk would like to see more emphasis is the creation of forests in urban areas in developing countries. "Clearly there is a need for urban forestry in developing countries," he said. Technical sessions generally focused on more specific topics and emerging issues within each of the Congress themes. Among these were 33 technical sessions that included in-session poster presentations and another eight sessions that featured "guided tours" of posters associated with their sessions in the Poster Exhibition Hall. Also included were three special sessions ("The IUFRO Incubator") designed to give over 170 graduate students and recent graduates an opportunity to present brief summaries of their undergraduate, masters, or PhD theses in a dynamic, interactive forum. During most of the eight 2.5-hour time slots designated for technical sessions over the Congress week, 19-24 sessions were held concurrently.

The poster program included a weeklong exhibition of all posters in the Poster Exhibition Hall, with designated periods on October 7th and 10th during which all poster presenters were available to discuss their work with Congress delegates. These posters were organized within the Poster Exhibition Hall by IUFRO Division. As noted above, many poster presenters also had an opportunity to present their work as part of technical sessions.

The number of oral and poster presentations, and the diversity of their authors, was unprecedented. In response to the open call for abstracts in late 2013, more than 3,900 abstracts were received, of which over 3,600 were accepted following a two-stage review process by session organizers and the Congress Scientific Committee. These included 740 abstracts by lead authors from the United States and Canada, 435 from 20 countries in Latin America and the Caribbean, 970 from 34 countries in Europe, 410 from 27 countries in Africa, 968 from 26 countries in Asia, and 82 from the Australia-Pacific region.

Of these, 2,437 presentations were ultimately included in the program: 70 as oral presentations in sub-plenary sessions, 1,175 as oral presentations in technical sessions, and 1,192 as poster presentations.

Congress Themes

Forests for People Forests, woodlands, and agroforests play a vital role in the lives of people in both rural and urban communities, supporting livelihoods, food and energy security, human health and well-being, and culture. This theme, which focused on social, cultural, and economic aspects of the management and use of forest resources, included a broad set of topics such as: human health and well-being, urban forestry, small-scale and community forest management, rural development, nature-based recreation and tourism, landscape planning and management, conservation and forest ethics, forest history, traditional knowledge and culture, forest policy, governance and tenure issues, communications, and education.

Forest Biodiversity and Ecosystem Services

The conservation and sustainable use of forest biodiversity is essential for maintaining the full range of environmental, economic, social, and cultural goods and services provided by forests. Sessions within this Theme considered such topics as the role of biodiversity in the provision of ecosystem services; the effects of deforestation, forest degradation, natural disturbances, and human management activities on forest ecosystems, habitats, and species and provision of ecosystem services at different spatial and temporal scales; assessment and valuation of forest ecosystem services; strategies for forest biodiversity conservation and restoration; and challenges in achieving a balance between biodiversity conservation and management of forests for a variety of ecosystem services. 

Forest and Water Interactions

An understanding of the linkages between forests and forested wetlands and hydrological processes is essential for managing ecosystems at watershed or landscape scales to sustain the availability and quality of water resources critical for human well-being. Sessions within this theme examined the influence of land cover and land use, large-scale natural and human-induced disturbance (including climate change), and forest management on watershed hydrology, biodiversity, and provision of water-related ecosystem services, as well as the latest findings from longterm watershed research, studies of mangrove and riparian forests, and adaptation of trees and forests to drought.

Forest Biomass and Bioenergy

The rapidly growing use of wood and biomass sources for bioenergy, biofuels, and bio-based products requires the development of innovative production systems; more efficient use of material from plantations based on end-user, raw material, and processing requirements; and management of competition for biomass from planted and natural forests for energy versus other forest products and environmental services. Sessions within this theme explored these issues as well as current research on genomics, biotechnology, and breeding and selection of trees to meet changing biomass and bioenergy objectives; and life-cycle analyses and "ecoefficiency" of forest bioenergy production systems and technologies.

Forests and Forest Products for a Greener Future

The future of forest management in the face of forest loss and ever-increasing demands for food, timber and wood fiber, water, and other ecosystem services, and uncertainties posed by globalization and economic, social, and environmental uncertainty, is a fundamental challenge for the forest sector and the forest research community alike. Innovation, including development of economically and socially sustainable and environmentally responsible production systems and end-products, will play an important role to meet these challenges. Sessions within this theme explored these issues as well as forest sector trends, new research developments in forest operations, forest management, innovations in wood-based and non-wood forest product development, and forest certification.

Forest Health in a Changing World Healthy forests are foundational to the delivery of ecosystem goods and services, yet these benefits are under threat from sources ranging from climate change to globalization. Sessions within this theme focused on trends in hazard occurrence (air pollution, responses to climate change, invasive-species introduction, fire, and global trade pathways); vulnerability of forests (tree resistance, shifts in pest and host species relationships, and forest resilience); society and forest health (socioeconomic impacts associated with forest health); mechanisms of risk mitigation (pest-management solutions, alternative forest-management strategies, modeling); and global trade issues (surveillance strategies, forest pest incursion management, and phytosanitary protection).

Publications

All abstracts presented as oral or poster presentations during the Congress were published in a special volume of the International Forestry Review (2014, volume 16, issue 5), edited by John Parrotta, Cynthia Moser, Amy Scherzer, Nancy Koerth, and Daryl Lederle. A separate publication including the abstracts of presentations in the special student (IUFRO Incubator) sessions was also prepared, edited by Lilli Kaarakka, Hugo Pierre, and Lisa Hansen of the International Forestry Students' Association (IFSA).

In addition, the organizers of over 40 technical and sub-plenary sessions are planning to publish selected papers from their sessions, mostly in special issues of international peer-reviewed journals but also as edited book volumes. The journals for which Congress-related special issues are planned include: Forest Policy and Economics, Agroforestry Systems, Biodiversity and Conservation, BioEnergy Research, Canadian Journal of Forest Research, Change and Adaptation in Socio-Ecological Systems, Environmental Conservation, Environmental Research, Folia Forestalia Polonica, Forest Ecology and Management, Forest Pathology, Forest Policy and Economics, Forests, iForest, International Forestry Review, International Journal of Biodiversity Science, Ecosystem Services & Management, International Journal of Wildland Fire, Journal of Environmental Science, Journal of Forest Research, Journal of Forestry, Plant Hydraulics, Silva Fennica, and Wetlands Ecology and Management. 

Sub-plenary Session Reports

Moderators: James Chamberlain & Carsten Smith-Hall

This sub-plenary session provided high-quality reviews of the state of knowledge as well as new empirically based global-comparative findings.

The presentations provided the latest information about food and medicines from forests and the derived health impacts. Presentations explored how forests are used for provision of these health benefits and identified challenges and opportunities to integrate foods and medicines into sustainable management of the forest resources. The versatile approach to introduce the impact of forests on human well-being supports our goal to improve awareness of the potential of forests for improving human health.

• Wild-harvested food is critical to household incomes, particularly in subsistence economies.

• The global value of nature-based medicines is estimated to exceed US $60 billion.

• Food gathered from urban forests is critical to people's food security, particularly for recent immigrants to the US

• Bushmeat and wild-harvested animals are just as important as wildharvested foods.

• Integrating food and medicines into forest management will require that policy makers recognize the ecological, economic, and social values of these resources. • Specific ecosystem services (ES); e.g., biodiversity, forest biomass for bioenergy, social and cultural services, etc.

• The state of ES within sustainable forest management (SFM)

• Measuring the values of ES (also in monetary units) The main session findings/discussions included:

• The important role of bioenergy, treated as an ES, and the increasing need for wood (forest biomass) as an energy source

• The state-of-the-art approaches for the increased use of wood for energy in the SFM context from a US perspective, as well as their limitations and drawbacks

• The need for research analyzing conflicts and synergies associated with the use of woody biomass for bioenergy

• The German view on The Economics of Ecosystems and Biodiversity (TEEB) project used for financial reporting on ES and for the support for SFM

• The use of TEEB for measuring the loss of biodiversity and ecosystem degradation in Lower-Saxony forests, and the extension of knowledge of measuring ecosystems to knowledge of ecological ecosystems; i.e., how economic systems can benefit from ecological systems and vice versa

• Discussion emphasized the importance of the inter-relationships between research, economics, and ecology triangle and how TEEB could be used as a support tool for treating the problems of ES within SFM.

• The methodology for measuring nonmaterial forest products (here ES) was discussed; contingent valuation and hedonic method were criticized in the context of private goods markets and transaction cost.

• The life satisfactory method for valuing ES and other public goods was introduced, using a case study on aboriginal forests in Canada; this method, based on surveys, could be useful for measuring above all social and cultural issues within ES, particularly if combined with the multiple criteria methodology. Ian Thompson: "Loss of resilience leads to low productivity in a Chilean hardwood forest"

• Forests move through stable states after a tipping point is passed, but can we predict when a tipping point will occur?

• An assessment method based on an "r-value" in combination with stocking diagrams was formulated through which degradation can thus be calculated and tipping points can be avoided.

Kimiko Okabe: "Forest biodiversity and forest health"

• Through understanding the drivers of biodiversity loss, scenario models have been developed based on a 1,000 km 2 land area.

• Multiple management scenarios that included: production for export, production for local use, or conservation were tested in the modeling environment; these suggested that production forestry reduced biodiversity.

Allan Carroll: "Synergies, feedbacks, and tipping points: Mountain pine beetle's rapid range expansion threatens invasion of North American boreal pine forests."

• It is hypothesized that the mountain pine beetle explosion in western North America can be partially attributed to climate change.

• The mountain pine beetle crossed a tipping point by crossing the Rocky Mountains of Alberta and now there is potential for impact on jack pine and eastward expansion through the boreal forest.

Mike Wingfield: "International trade in live plants: rationale for mitigating a high-risk pathway for the introduction of forest pests and pathogens."

• Trade in live plants is a major pathway for invasive organisms.

• The Montesclaros Declaration was prepared in 2011, advocating a ban on the trade of live plants, but perhaps the suggested blanket ban is unrealistic due to trade forces.

• Several recent introductions were described and he mentioned the importance of "Black Swan Events" and "unknown unknowns."

• Latent endophytic fungi are a very real risk.

• Regulatory agencies need to remain vigilant.

Following these presentations, there was a lively discussion on the importance of the live plant trade and movement of organisms around the world. It is recognized that this movement has increased the probability of invasive alien species establishment, leading to potential detrimental effects on natural and production ecosystems. Presidents, talked about the challenges stemming from the need to solve complex matters while catering to disciplinary necessities. He identified the need to bring together as many disciplines as necessary to solve those problems, so complex that no one discipline can tackle them alone.

Leena Paavilainen, Acting Director of the Finnish Forest Research Institute (Metla), then shared the experiences gained as the Head of an institute undergoing a merger. She explained that in order to lead the bioeconomy research efforts, three institutes are being merged. While this allowed for greater synergies, she also pointed out risk regarding funding and the provision of services to clients.

Tony Simons, Director General of the World Agroforestry Center ICRAF, underlined the need for more social science and dwelled on the necessity of interdisciplinary research to attract funding. Recognizing the advantage of the IUFRO network in this extent, he then went on to the advantages of a landscape approach in forest-related research.

In the following discussion, it was pointed out that:

• Forests can no longer be viewed in isolation but rather as systems that are interconnected with other environmental or human elements.

• The grand challenges faced by the forest community require integrated networks of scientists to gain comprehension of these complex systems in all their multi-temporal and multidimensional complexity.

• There is a need in forest research to bring together as many disciplines as possible, among them the social sciences, to solve these highly complex issues.

• IUFRO is a unique platform offering forest research managers and forest researchers the opportunity to learn from each other and exchange their respective experiences. Other important sectors lack similar platforms. Yet there is a need to further expand the involvement of scientists and institutions from developing countries.

• Overall, change is happening at an accelerated pace, therefore business as usual will not be sufficient. 

SP-05 Biodiversity and Ecosystem Services in Planted Forests

Moderator: Eckehard Brockerhoff
This session reviewed a range of ecosystem services linked to (or potentially linked to) biodiversity in planted forests, identified the state of knowledge for each area, and outlined innovative measures by which the provision of ecosystem services from planted forests could be enhanced, at the stand, forest, and landscape scales. Speakers in this session included Peter Freer-Smith, Hervé Jactel, and Michael Scherer-Lorenzen.

Key findings:

• Invasive forest insects and pathogens have wreaked havoc on forests of several tree species in the United Kingdom and other parts of the world. Apart from the damages to trees and forests, these invasions have resulted in a substantial reduction of biodiversity and associated ecosystem services that were previously provided by these forests. This impact of invasions deserves more attention.

• Planted forests are typically composed of a single (or few) tree species.

Therefore they are less biodiverse than most natural forests. As several ecosystems are related to biodiversity, one could expect that planted forests are less effective than more diverse forests at providing certain ecosystem services.

• The effects of biodiversity on resistance to damage from insect pests were examined in a series of studies in France and elsewhere. There is good evidence that mixed planted forests are less affected by pests than single-species forests, indicating that forest biodiversity contributes to resistance against forest pests.

• A comprehensive study of the relationship between biodiversity of planted experimental forests in several countries and the provision of forest ecosystem services yielded a range of responses. The preliminary results indicate that some ecosystem services are positively related to biodiversity while others are neutral or negatively related. This suggests that there are certain trade-offs in these relationships, and it may not be possible to maximize biodiversity and the delivery of all ecosystem services. It should be possible, however, to develop optimal solutions by carefully selecting combinations of tree species that provide biodiversity and a selection of desired ecosystem services. This session focused on the historical and current role of cultural values in shaping and conserving forest and woodland landscapes worldwide, with specific attention to the interrelationships between cultural and biological diversity. A relatively new term, "biocultural diversity" contends that the diversity of life on the planet should be characterized not only by the biological diversity of plants, animals, habitats, and ecosystems, but also by the diversity of human cultures and languages. Studying these interrelationships is essential if we accept that biodiversity and cultural diversity evolve together in a socio-ecological, adaptive system.

The session included an overview on the Joint Programme between the United Nations Educational, Scientific, and Cultural Organization (UNESCO) and the Secretariat of the Convention on Biological Diversity (SCBD) on the links between biological and cultural diversity (Ana Persic). Case studies were presented from Italy (Mauro Agnoletti), the Bohemian Forest in the Czech Republic (Jiri Woitsch), and China (paper by Jinlong Liu, presented by Juanwen Yuan). The session was well-attended with an audience including a mix of students and scholars coming from both ecological science (biodiversity) and the social sciences (cultural diversity).

Key findings:

• All forests are cultural forests. Forests shape our culture and our culture shapes our forests. When biodiversity and cultural diversity are considered separately, both types of diversity are eroded together.

• Some designated wilderness areas are being misinterpreted as wild or untouched when they are clearly cultural landscapes. Reconciliation of traditional cultural values and contemporary cultural values remains elusive and a ripe area for research.

• Forest Certification and Sustainable Forest Management criteria and indicators do not adequately consider cultural heritage, cultural diversity, and landscape history.

• Cultural diversity, including traditional knowledge, can help reshape strategies for achieving biodiversity sustainability.

• The UNESCO-CBD Joint Programme on the Links between Biological and Cultural Diversity (2010 to 2020) has links to the Millennium Ecosystems Report, the World Heritage Convention, and the Man and the Biosphere program.

• A significant challenge is how to relate policies to what is actually happening on the ground. Many agree that implementation will require local partnerships. The Joint Programme can only work in countries that ask the Secretariat to help.

• IUFRO should encourage and support additional investigations on biocultural diversity research questions; sharing of research approaches and results; and increased interaction between the biological diversity, forest culture, and the forest history and traditional knowledge research areas. Moderator: Peter Clinton Pierre Bernier highlighted that uncertainty occurs at a range of scales for forest management decisions. Uncertainty around the future is high due to current climate change and events such as fire or pest or disease outbreaks. Current approaches to weather forecasting are not able to deal with uncertainty due to the chaotic nature of many systems. An extreme example is the acts of piracy off the Somalian coast disrupting climate data collection and prediction. These events and realities have impacted our ability to manage for uncertainty. Key finding: Research is needed to develop risk analysis approaches for strategic planning and optimisation tools that can deal with stochasticity, and managers need to adopt adaptive management practices to address uncertain futures.

Oswaldo Carrillo presented current methodologies for forest carbon stock assessments in Mexico and outlined the process to do this, which has resulted in less uncertainty around Mexico's carbon position. The presentation highlighted the importance of reducing uncertainty in carbon monitoring from a policy standpoint. Although no cost benefit was reported for the analysis, the political benefits for Mexico are considered large enough to justify the effort.

Key finding: National estimates of carbon stocks can be further enhanced by ongoing research that addresses areas of uncertainty, and this should be addressed.

Ruth Yanai demonstrated the impact of accounting for uncertainty in ecosystem carbon and nutrient budgets by isolating causes of variation and using this to design appropriate sampling programs to estimate uncertainty. Based on the analysis presented, inherent variability in soil properties had the largest impact on the case study catchment nutrient budget. As a result, for inputs and outputs and change in vegetation pools, the errors were not overwhelming, but the uncertainty in the change in soil pools was larger than the budget discrepancy (the missing source of nitrogen) in the example presented. Key finding: This presentation highlighted the need to understand how such estimates and their uncertainty will be applied in decision-making and policy development. Once this is known then studies can be appropriately designed with the appropriate sampling programs in place to address uncertainty at the level required. One size won't fit all needs.

Annika Kangas illustrated how stochastic programming can be used to produce better than expected solutions by accounting for uncertainty in a variety of forest management decisions. Key finding: The approach is not widely practiced as these problems are still difficult to solve at scales relevant to forest management. Further developments are needed before the techniques can be operationalized.

SP-08 The Future of Our Forests

Organizers: William Nikolakis & John Innes (University of British Columbia, Canada)

Moderator: John Innes

This session addressed the broad topic of the future of our forests. It started with an overview by David Cohen of the many different pressures on our forests, foremost of which is the growing demand of a steadily increasing global population that is becoming increasingly affluent and thus ever more demanding on resources. Referring to the increasing demand for "stuff," the global increase in price of finite materials, such as fossil fuels, was demonstrated, whereas the price of renewable resources has increased much more slowly. This paper was followed by an examination of future demands for wood in Europe, given by Gert-Jan Nabuurs. While the growing stock in Europe continues to increase, rates of harvest are declining, a trend that has been accelerated by the desire for near-to-nature forest practices. For example, many plantations are being converted to more natural forms of forest, but this is coming at the cost of reduced production. At the same time, there is pressure to switch from fossil fuels to renewable energy. The combination of reduced supply and increased demand is resulting in changes in the global movement of wood products, exemplified by the increasing importation by Europe of wood pellets from North America. Chadwick Oliver then described the different trade-offs associated with carbon and biodiversity, emphasizing the importance of gaining a better understanding of how carbon is stored in wood products harvested from forests. Such an understanding is critical if a true picture of the carbon dynamics associated with forests is to be achieved. This theme was picked up in a final paper describing the New Generation Plantations approach of WWF. There is a recognition in this project that wood is an important sustainable material but that the growing population of the world will result in increasing demands. The most efficient way of meeting this demand is through plantations, which currently already supply between one-third and two-thirds of industrial roundwood supply. Such plantations could be integrated with natural forests in the landscape, playing an important role in landscape restoration and conservation while meeting the objective of timber supply.

• The growing world population, and the growing affluence of this population, will result in a progressive increase in the demand for "stuff," placing increasing pressure on the world's resources.

• Renewable resources will become increasingly important (and competitive) as the price of finite resources increases.

• Environmental and social policies may be at odds with economic needs. In Europe, declining harvests due to ecological and social concerns will increase the demand for forest products from outside Europe.

• In examining trade-offs between, for example, biodiversity and carbon conservation, it is essential to account for harvested wood stored in wood products.

• We must attach economic value to forests, otherwise many will be converted to other forms of land use.

• Plantations will play an increasingly important role in the supply of renewable forest products in the future. Such plantations need to be well-planned and integrated into landscape approaches in order to maximize their environmental and social benefits.

• Greater attention needs to be given to economic interests, as these play an important role in determining how forests will be used. 

Moderators: Ulrike Pröbstl-Haider & Perry Brown

The session integrated the concept of ecosystem services and the IUFRO Strategy Forests for People. Against an introduction on the concept of ecosystem services, the presentations illustrated the four main themes of the strategy: Livelihoods; Health, Recreation, and Tourism; Landscape Development; and Culture and Education.

The presentation by Felix Kabala represented the link to the provisioning services illustrating the significant dependencies from forests and forest products in Africa. He highlighted that beside the "normal" dependencies also the shock situation must be considered. Characteristic economic shocks are climatic impacts (draught) as well as social impacts (loss of family members, marriage). In this situation forests tend to be overused.

The presentation from Sally Aiken discussing biological and societal perspectives on genetic decisions under conditions of climate change addressed provisioning and regulation services of forests in the future.

The presentation underlines the discrepancies between the scientific knowledge and the insecurity of the general public, which votes against inactivity but has no clear understanding of genetically feasible opportunities and their consequences.

Ken Cordell addressed the cultural services in the field of outdoor recreation in the United States. He described an increasing relevance of these services.

Sarah Welter addressed cultural services of spiritual character education and historical practices reporting results from Community-Based Ecosystem Management with First Nations in Canada.

The introduction and conclusion by Ulrike Pröbstl-Haider underlines that all presentations highlighted the role of social science and the increasing relevance of trade-off decisions or at least the necessity to make trade-off decisions transparent. The session also showed the explanatory quality of the concept of ecosystem services and its significant link to the IUFRO strategy forests for people.

Key findings:

• The ES approach provides a strong link to sustainable development through accounting, understanding of relationships, motivating actions and payments, and avoiding payment for substitutes. In order to understand and model ES, much of the current research is still very much focused on single services.

• ES-related research focuses on a narrow subset of the suite of services provided by forests. A truly cross-and interdisciplinary cooperation is the exception rather than the norm.

• In decision-making, the trade-offs are often insufficiently considered.

• Considering geographic scales, the "world service" scale is insufficiently considered in current research. Key findings:

• Disturbance regimes are changing as a result of climate change; disturbance-mediated changes might be the most prominent effects of climate change and have the potential to override and/or modulate other impacts of climate change (e.g., changes in species distribution and range).

• Changing disturbance regimes have a predominately negative effect on ecosystem services provisioning.

• Changing disturbance regimes need to be addressed from a coupled human and natural systems perspective; resilience is a promising concept in this regard.

• Resilience does not mean returning to a past state -the changed future conditions and thus also the future range of variability of the system needs to be considered.

• Knowledge gaps exist with regard to the dynamics and impacts of disturbance processes; a better process-based representation of disturbances in simulation models is needed for robust projections under scenarios of global change.

However, there is sufficient knowledge to start acting now -considering their long lead times, adaptation managers should start implementing measures such as a diversification of forest structures at the landscape scale or a reduction of other stressors now. Moderator: Anna Barbati
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The session turned the spotlight on experiences of applications of forest inventory-based data-collection methods for the estimation of forest biodiversity and ecosystem service indicators.

Key discussion topics:

Forest biodiversity assessment

• Unbiased estimation of potential and total species richness, as well as other diversity indices.

• Forest naturalness evaluation and monitoring.

• Joint analysis: dendrometric, floristic, and genetic diversity of tree populations.

• Alien and invasive species monitoring.

Ecosystem services assessment

• Unbiased dendrometric estimations (e.g., LiDAR supported biomass estimations) and potential for unbiased spatial estimation of ecosystem services (carbon sequestration).

• Actual and potential use of non-wood forest products.

SP-12 Policy Learning for Multilevel Governance

Organizers: Daniela Kleinschmit (Swedish University of Agricultural Sciences) & Ben Cashore (Yale University, USA)

Moderator: Daniela Göhler (World Bank, USA)

The session explored the potential and pitfalls of policy learning as a way to link scholarly and practitioner communities around problem solving, identified the types of problems policy learning might be able to address, and discussed the current scientific understanding of policy learning processes and how policy learning can be fostered. Presenters also addressed specific case studies where the policy-learning framework is currently being applied.

Ben Cashore presented the overall analytical framework currently under development, linking the four pathways of influence (described by Bernstein and Cashore) and the policy-learning frameworks. He argued that this framework has the dual benefit of both a) helping better explain processes that are in the midst of institutionalization (i.e., for those interventions in which it is plausible that the most important potential impacts have yet to occur) and b) helping identify strategic intervention to achieve greater influence as events unfold. In other words, he explained that policy interventions must be nurtured by a range of stakeholders who collectively understand and undertake strategic decisions that are consistent with the "causal logic" through which policy pathways are being traveled. Cashore also presented a typology of problems (types 1, 2, and 3), since structural features of problems can act as antecedent forces in limiting the type of solution available, and/or in determining what types of learning processes are most promising.

Gabriela Bueno applied the analytical framework above to the case of legality verification and illegal logging in Brazil. First she gave background information about the project, which involves two teams of scholars and practitioners that aim to understand the potential uptake and impacts of legality verification strategies in the Amazon forest. Bueno explained that the team is focusing on one particular intervention (legality verification) and analyzing which pathways of influence are being travelled or can be travelled by non-governmental organizations (NGOs) and other stakeholders, with a focus on the domestic access pathway. One example is how the team is looking at technology strategies to improve timber tracking systems that can have potential impacts on the overall future costs of legality verification systems and potential implications for uncovering illegal behavior.

Daniela Gohler presented another case study involving collaborative efforts in policy learning between GIZ and ASEAN. GIZ provided advisory services and financial resources to both formal intergovernmental bodies, such as the ASEAN Senior Officials on Forestry, and the more informal ASEAN regional knowledge networks. Focused discussions on specific policy interventions were led by the ASEAN Working Group on a Pan-ASEAN Timber Certification Initiative. These helped foster understanding and agreement by all 10 ASEAN member states on a regional guideline for a phased approach to forest certification and on the ASEAN criteria and indicators for timber legality. Gohler argued that the ASEAN case provides the clearest example of cross-coalition learning being supported and institutionalized through an explicit learning architecture.

Margaret Shannon presented a critical view about the concepts of learning and knowledge and introduced a few points of reflection about the policy learning framework. She reviewed the differences of problem-centered research versus what she calls "mysteries," that is, the types of problems whose origins, development, and impacts are uncertain. She discussed the limits to knowledge and the necessity of grounding policy learning on the assumption of uncertainty, instead of circumventing it. Finally, Shannon presented a few remarks on the role of crises in fostering change in learning and policy and what this means for scientific and collaborative research.

Discussion points:

The presenters were asked a variety of questions, most of them focusing on specific aspects of the analytical frameworks presented, as well as on the challenges of learning and of doing comparative analysis between countries. Specific questions addressed:

• Whether the typology of problems addresses the question of power of who defines the types of problems that should be tackled.

• The role of compromise (type 2 problem) and what this means for the "losing parties."

• The role of uncertainty in the policy learning framework.

• How policy learning occurs in comparative studies. 

Moderator: Bryan Finegan

This session explored the current state of knowledge regarding the role of taxonomic and functional diversity in the provision of various forest ecosystem services, the trade-offs often required for successful multifunctional management of forests for different ecosystem services, and associated management and policy challenges including governance at the territorial scale.

Eckehard Brockerhoff set out the state-of-the-art regarding biodiversity, ecosystem services, and resistance to invasion of planted forests. He described how the relationship between biodiversity and vulnerability to invasion has been the subject of important theoretical approaches in ecology for decades. This talk illustrated how resistance to invasion can be understood and applied as one of the ecosystem services provided by forest biodiversity.

In his talk entitled "On Beyond S: Why Other Metrics of Biodiversity Can Tell More about Ecosystem Services Than Species Richness," David Hooper summarized the advances of the last two decades in the measurement of biological diversity in the context of research on its relationships to ecosystem processes and services. He showed how the functional traits paradigm has come to be of fundamental importance in this area of research and its potential application to the management of ecosystems and the services they provide to people. This sub-plenary session featured six invited speakers, each of whom discussed a different aspect of forest biomass utilization for energy production, sharing their views and research outcomes around challenges and opportunities for forest biomass and bioenergy.

Key findings:

• Despite the recent development of multiple-scale approaches and tools to improve woody biomass feedstock logistics and supply chain management, challenges still remain around technical and financial efficiency of biomass operations dealing with logging residues, smalldiameter trees, or stump removal.

• Forest biomass harvesting is often subject to a social license to operate but can be reconciled within the social realm along with environmental and economic opportunities of bioenergy production.

• Forest biomass harvesting can be accomplished with few negative impacts on long-term soil quality and have the potential to improve soil quality if biochar is added back to the soil.

• Environmental performance assessment has become an essential part of operational performance metric for forest biomass supply systems, but there are only a few studies that address this issue. A holistic approach, such as life-cycle assessment, can be used as a means to measure environmental performance of forest biomass supply systems.

SP-15 Historical Responses of Research to Global Forestry Issues

Organizer: Jeffery Burley (University of Oxford, UK)

Moderator: Niels Elers Koch (IUFRO President, Denmark) Juergen Blaser presented a leading paper describing the challenges that have faced forestry over the last 25 years, as seen by three leading foresters who have been deeply involved in the international forestry policy scene for many years. His co-authors were Hans Gregersen and Hosny El-Lakany.

They took as the overarching challenge the meeting of increasing needs for forest goods and ecosystem services in a more efficient, effective, and sustainable manner. Within this they identified three strategic challenges -reduce the loss of existing natural forests; create new productive planted forests, including a restoration of degraded lands; and improve the efficiency and effectiveness of management, processing, and use of both natural and planted forests and trees outside forests.

Within these they recognized operational challenges arising from globalization, relocation of industrial activity, governance reform, intersectoral relations, and advances in information and communication technology, in recognition of the links between forest, climate change, biodiversity, watershed protection, forest products development, and livelihoods of forest dwellers.

The responses of four IUFRO past Presidents fell into two groups that were related to the provision of timely proactive and reactive research, and the impact on international and national policy processes. They stressed the continuity and responsive development of IUFRO at all levels.

Salleh Mohd.Nor (President 1991(President -1995) ) Jeff Burley (President 1996-2000) saw the period as a time of consolidation and innovation to take IUFRO into the new century. The major elements included interdisciplinary approaches to problem solving with increasing multidisciplinary meetings and projects together with the creation of task forces to address specific policy problems; adoption of modern information technology for dissemination of research results; and publication of books, brochures and leaflets that include guidelines for action on major topics. IUFRO recognized good research through awards and through nominations of scientists for awards by other organizations, including the Marcus Wallenberg Prize. The union also sought actively to attract new members, including nontraditional institutions, and continued the interaction with international agencies.

In the period of Risto Seppala (President 2001(President -2005)), IUFRO sought to open itself up and to make itself useful, attractive, visible, and credible.

In particular it established agreements and collaboration with several international agencies. To do this it required increasing its visibility through its logo, its flag, new publications, attractive annual reports, electronic newletters and representation at meetings of the major agencies. The period was important also for the establishment of substantive financing arrangements, the development of formal strategic planning processes, and the first independent external review.

The period of Don Lee (President 2006(President -2010) ) recognized the continuing lack of resources and expertise, especially in developing countries. It also identified the lack of attention to traditional knowledge sources and actions. The union played significant roles in UNFCCC and UNCBD. With particular attention to students and younger scientists, the strategy of the period was identified as "the five I's" -invite, inform, involve, ignite, and influence.

In response to a question from the audience, the past Presidents variously felt they would have liked to have further encouraged women in forestry, sought support for forestry research in Africa, and spent more effort on direct support of research with less on reorganization of internal structures.

Another questioner requested short messages for future scientists and IUFRO. These included "Partner or perish"; "Specialise but be open to other disciplines"; "Learn from the (sometimes distant) past"; and "Double the size of IUFRO • Common self-awareness lessons learned included: learning they were more extroverted than originally assumed and learning how to stay motivated.

• The majority of participants were planning to continue in academia and research; many of them had secured positions in research institutions, however a few had instead moved into the private sector and were hired for their skills learned in the graduate research process.

• The greatest lessons learned in the graduate research experience related to the art of how to properly develop a research question and apply scientific methods.

• The challenges of present-day job markets were outlined, particularly for academics in North America and Europe; publishing was identified as the most integral criteria for hiring. However, China and countries with other rapidly developing economies are actively recruiting international researchers, and students were encouraged to begin looking at the job market in these locales.

SP-17 Forests, Water, and People

Organizers: Shirong Liu (Chinese Academy of Forestry); Ge Sun (US Forest Service), & Tony Simons (World Agroforestry Centre, Kenya)

Moderator: Xiaohua Wei (University of British Columbia, Canada)

This session explored the interactive relationships among people, climate, forests, and water resources, and addressed emerging environmental threats such as water shortages and climate change. Three speakers provided the respective review of state-of-the-art knowledge from the different perspectives, covering forest and water relations at multiple geographical scales, water availability for ecosystems and people under multiple global change stressors, and forest watershed management policies to meet increasing multiple needs and adapt to a changing world. Three speakers presented respective reviews.

Key findings and discussion points:

• A significant and negative relationship exists between forest cover change and annual runoff in both small and large watersheds; and the hydrological responses to forest change are likely watershed-specific, with dry watersheds being more sensitive. The interaction between forest and water at multiple scales is still not fully understood, and more studies, particularly in large watersheds, are needed.

• Both water supply and use (ET) are ecosystem services to people; there are trade-offs and synergies among ecosystem services. A trade-off between forest growth and water use must be well-recognized in order to ensure water supply and water safety, while achieving the utmost forest ecosystem services, such as C sequestration, soil conservation, and clean and abundant water from forests.

• There is very little examination of the performance of the watersheds in large systems in terms of how efficient these are or whether they are performing at their potential. Gaps in performance must be translated to the capacity of the water supply system to supply residents, financial costs and revenues, and the ultimate capacity. There must be active involvement of community consultation and enthusiasm by the community in achieving greater catchment efficiencies.

• Responding to climate change, the biggest environmental threat to forests in the 21st century, requires novel approaches in watershed management. We need to better understand the consequences of human actions at local, regional, and global levels to avoid big mistakes we have made in the past. This would include the five themes of the strategy and its Institutional Goals as approved by the IUFRO International Council. In order to achieve this objective, the session was introduced by outgoing IUFRO President Niels Elers Koch, and each of the Division Coordinators was provided with an opportunity to consider five key questions, including the following:
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• Priority topics in the five themes that the Division and its constituency would use to promote increased global scientific collaboration.

• Priority issues requiring collaboration between the Divisions and with scientists outside IUFRO.

• Activities such as joint conferences and outputs that the Divisions might apply to promote the objectives of the Strategy.

• Opportunities for IUFRO to significantly increase the visibility of research findings emerging from Divisions.

These presentations were followed by an open discussion including the Division Coordinators and the audience, moderated by incoming IUFRO President Mike Wingfield.

Key discussion topics:

• A lively debate arose from the brief presentations of the incoming Division Coordinators. Overall, the Division leadership displayed a clear and deep commitment to executing the key elements of the new IUFRO strategy. Most Divisions had already planned inter-and, in some cases, intra-divisional activities for the coming five-year board term. In addition to these, they saw substantial opportunity to develop inter-divisional meetings as part of the various larger meetings during the 2015-2019 board term (i.e., FAO World Congress, IUFRO 125th Anniversary Meeting, Regional Meeting planned for Southeast Asia).

• In addition, there was a clear plan to engage actively in developing and contributing to the new task forces. In this regard, there was a strong belief that the task force activities should be closely linked to those of the Divisions and that they should actively pursue cross-disciplinary opportunities relating to Forestry Research. It was clearly understood that substantial forestry research is undertaken by scientists outside IUFRO's core structures and that opportunities should be sought to bring these scientists closer to IUFRO. It was felt that this would be in the interests of both IUFRO and those scientists working beyond the core structures of IUFRO.

• Improving the gender balance in IUFRO's management was discussed, and all Division Coordinators showed strong commitment to improving a currently unequal situation. Efforts would be made to mentor young and particularly female scientists in IUFRO and to bring them into the union's leadership stream. It was understood that this would need to be a gradual process but that "fast tracking" should also be considered.

• Likewise, the Division Coordinators were deeply committed to improving the geographic reach of IUFRO, and many had plans to hold meetings in areas that have poor exposure. In this regard, it was noted in the discussion that it was difficult to hold meetings in areas that did not have strong forestry activities and that "champions" willing to hold meetings were difficult to find in some areas.

• Division Coordinators expressed enthusiasm for the new IUFRO website and provided various suggestions to improve the visibility of their activities. In addition, there was some discussion regarding the possibility of establishing an "open access" journal for IUFRO. It was felt by some that this would provide IUFRO research with greater visibility and that this issue deserved further debate.

Technical Session Reports

Forests for People Key presentation points:

• In Colombia, palms are used mainly for food and the most used are the most abundant.

• In Ghana, the food value from the forests constituted about 50% of household budgets.

• Raphia palms in Nigeria are harvested to make wine, shelter, and construction.

• Essential oils made from Pistacia in Tunisia have medicinal value in healing wounds; though only used locally, it has global implications.

• The export of Peumus, commonly known as Boldo, from Chile has increased drastically over the last decade; the restriction of leaving at least 35% basal area in the forest does not appear to be warranted.

• The harvesting of the bark of Afzelia africana, in Burkina Faso has a significant negative impact on fruit production.

• Through a case study approach, the value of wild-harvested foods and medicines to households in Sweden, Ukraine, and Russia was estimated. In each case 11-44 wild species were collected.

• The use of medicinal forest products in Nepal was influenced by negative education and if the household was run by a single female parent.

• Mushroom production in Japan has been negatively impacted by the 2011 nuclear reactor incident; conventional production methods were found to be better than new farm approaches.

• Comanagement of non-wood forest products will require a significant shift in forest management paradigm, which may attract young people to the profession and IUFRO. 

Moderator: Giovanni Sanesi & Cheng Wang
The role that green spaces play in the lives of people in urban communities is crucial, essential to human health, well-being, and culture.

To reach a more integrative approach in management and planning, urban forests should be seen as belonging to the ecological system of a city, to its landscape. This landscape has a historical and cultural dimension as well as a natural scientific one.

This session considered various perspectives on urban forests as a landscape solution to problems of loss of identity and resilience that face today's often uncontrolled, rapidly urbanizing way of living. Rather than proposing landscaping as an expensive investment, the presenters wanted to explore research on the natural landscape that is already present under the asphalt and concrete of the city in the form of topography, water, and potential vegetation, as a cheap and evident potency to sensible planning, development, and management. This session included researchers and students on forests and cities, historians, geographers, ecologists, planners, and developers who presented an interdisciplinary view on urban forests and green infrastructures.

Key discussion topics:

• Influence of land use (in terms of urban and periurban green spaces) over the last decades on landscape matrix pattern and morphology and how these changes can affect different ecosystems' functionality.

• Importance of remote sensing and GIS approaches for supporting landscape analysis and planning of urban green spaces for providing greater benefits.

• The crucial role of urban water in landscape also in terms of environmental impact assessment.

• Climate change impacts on the frequency of flooding on urban settlements and vegetation, and how it may influence tree planting approaches.

• The green infrastructure approach at the metropolitan scale and the need for multidisciplinary and strategic planning;

• Importance of understanding citizen behavior and preferences for visiting green areas.

• Complex urban landscape systems require multidisciplinary approaches.

• The importance of resilient urban forests for resilient people.

A • The ASEAN-Korea network model of Asian countries and its efforts in human resource development and local community improvement highlighted the role of international cooperation and learning. The discussions involved looking at future strategies with sustainable funding and increased partnerships between institutions. The importance of such networks for information dissemination and improved communication were also discussed.

• Empirical research based in Bangladesh suggested the need to look beyond forests for reducing pressure on forests through increased tree cover. Issues and trends in agroforestry, marketing opportunities, reasons for lack of widespread adoption, loan arrangements, and knowledge and information gaps were discussed.

• China's massive and largely successful national forestry program was discussed. Improved land tenure systems, private holding of forests, understory NTFP resource improvement, information dissemination, and investment opportunities were discussed. Meeting the expectations of farmers for improved livelihoods continues to be a challenge.

• The "fishing and grazing ban" policy of China highlighted the impact on community and natural reserves. Strategy and action avenues were discussed.

• Case studies from Indonesia highlighted the opportunities and challenges in community involvement in forest management. Information gaps, training requirements, and tourism were discussed.

A-06 Forest-Dependent Community Development

Organizer: Tuija Sievanen (Finnish Forest Research Institute)

Moderator: Tuija Sievanen

This session focused on research of rural communities in which forests are an important asset for livelihoods, incomes, subsistence, health, and culture. The majority of the presentations dealt with issues related to communities in the context of forest-dependent livelihoods, or nature protection and livelihoods. Many presentations discussed also the participatory approaches in planning and management on the local level.

All presentations presented studies made in developing countries.

Key findings:

• In many cases local people have very little to say about the use of forests surrounding their villages, and rights to take and use traditional forest products are under threat.

• When local people gather forest products to be sold at commercial market, the income to the gatherers is often only less than one percent of the value of the end-product. The low cash gained by local communities does not support the sustainable use of the forest products in question.

• Traditional use of forest products is replaced by cheap commercial products, which may cause damage to the cultural values of the locals related to those forest products.

• Illegal harvest of protected species for commercial markets is a serious threat to their protection.

A 

Moderator: Susan Charnley

The trend toward community-based forest management has been increasing worldwide, with associated expectations that it will lead to improved local forest management institutions, forest conservation, protection and enhancement of ecosystem services, and increased local community benefits. But there remains a gap in the published literature regarding the outcomes of community forestry in meetings its goals, and its social goals in particular. What are the best methods for monitoring and assessing the social outcomes of community forestry? What have these outcomes been, and for whom? Are they substantive enough to provide an incentive for sustainable, community-based forest management? These are the questions addressed in this session. If community forestry as an institution for forest governance does not create social benefits for local people who live in forest communities, then it is unlikely to be an effective mechanism for sustainable forest management and forest conservation.

Key findings:

• There is little research that evaluates both the social and environmental outcomes of community forestry; most focuses on one or the other.

• National-scale assessments of community forestry have been undertaken in Nepal and Thailand. In Nepal, community forestry has been beneficial in terms of enhancing natural and social capital, but not so much in terms of creating financial capital. Middle-and upper-class people are benefiting most from community forestry; the poorest people and lowest castes are benefiting little. In Thailand, the main benefits from community forestry are associated with improved access to and management of non-timber forest products.

• Community forestry typically requires external financial, technical, and material support to be successful (from outside the community).

• The social benefits of community forestry can be direct (e.g., increased income from forest products) or indirect (e.g., other types of livelihood improvements that are associated with community forestry projects, such as commercial tree nurseries, agricultural improvements). Without concrete social benefits, community forestry is unlikely to promote forest conservation.

• Two general categories of community forests are "production forests" In many regions of the world, private and community forests play a substantial, sometimes dominant, role. Consecutively, the attitudes, behavior and especially the decisions of individual owners or respectively the communities impact the provision of different types of ecosystem services. However, the framework in which owners and communities act influences these impacts. Here, political decisions and organizational structures, e.g., Forest Owners Associations (FOA), can lead to either the improvement or deterioration of future provisions of ecosystem services. This session included presentations on the complex and multidimensional nature of small-scale and community forestry systems, with a focus on the economic, institutional, and policy issues; uneven-aged and mixed-species silviculture of small-scale and community forestry; forest land ownership in change and its significance for management and policy; and the links between attitudes and behaviors of small-scale forest landholders.

Key findings:

• Regeneration after shifting cultivation works comparatively fast and can lead to situations that are close to untouched secondary forests within 30-40 years.

• Forest owner typologies in Europe differ widely and were hard to apply so far.

It is an open question whether forest owner typologies have been applied so far in forest policy decisions.

• Three key drivers are identified that influence small-scale forestry in Europe: restitution processes, heritage regimes, and defragmentation policy within the individual states of the EU.

• Associations are founded for economic and political reasons. However, state support of associations has decreased notably during the last years. The risk that the existing FOA will reduce their activities remains.

The proficiency of FOA in lobbying must be, at least regionally, improved.

• In Slovenia there is mixed satisfaction with FOA. As its strength are seen the possibility to join group activities and to find assistance and education. Weaknesses are seen in the individualism of the members, the poor cooperation with other institutions, and the lack of willingness to cooperate.

• The cultural settings influence attitudes and behavior substantially.

• Life-cycle assessments can be improved by integrating the cultural perspective.

• The creation of the cultural indicator matrix has increased the visibility and recognition of cultural impacts within a sustainability framework.

• In Sweden, small-scale forest owners focus mainly on two strategies: saving timber volume for a later use and enhancing the productivity of forests. The size of the property can be seen as a key factor that determines the choice of strategy.

• In the United States, potential solutions to family forest management issues are not well-researched.

• Understanding family forest owner risk perception lacks empirical research globally; there is no scientific consensus on a quantitative measure of forest owner risk.

• Agent-based modeling has the potential to broaden our understanding of landscape scale patterns of family forest owner decisions and behaviors.

• Landowner payment for ecosystem services has the potential to assist small-scale owners in keeping their forests as forests in lieu of timber harvesting.

A-09 Communities, Forests, Forest Industries, and the Social License to Operate

Organizers: Peter Edwards (Swedish University of Agricultural Sciences), Justine Lacey, & Kieren Moffat (CSIRO, Australia)

Moderator: Peter Edwards

This session included presentations on a variety of aspects related to how the forest industry earns and maintains the informal approval and acceptance that communities and other stakeholders grant to a company or industry engaged in forest resource use and management. The breadth of topics included Corporate Social Responsibility (CSR), industry and government perspectives, and case studies from developed and developing countries. The session was rounded out by several presentations that introduced contested views on the negotiation and granting of a Social License to Operate (SLO). Presenters included researchers, NGO, and government representatives. More specific topics of discussion included community forestry, plantations, introduction of non-native species, indigenous peoples, regulation, and research-based models of SLO. This session highlighted that SLO cuts across many dimensions of forestry and divisions and research groups in IUFRO.

Key findings, discussion points, and knowledge gaps:

On Corporate Social Responsibility (CSR) and SLO:

• CSR is intimately linked to SLO, but they play different roles.

• With larger companies, there is a need to investigate whether stronger CSR will aid in granting an SLO.

• Small and medium enterprises (SMEs) may be a different story as they are often embedded in communities.

• Through CSR reporting, SMEs are seen as transparent, one element in SLO.

On government and industry views:

• In a British Columbian example, industry is on an SLO trajectory, with government support.

• Industry/community relations had to reach an all-time low in order for this to come about.

• As industry changes, the SLO needs to be renegotiated.

• The need for an SLO is not restricted to industry -governments may also need to earn an SLO; people need to be confident that they can trust government and that government can govern/monitor industry appropriately.

On indigenous people, development, and the rights component:

• With indigenous peoples and in developing countries, there is often a question of rights that raise questions about the roles of industry, government, and SLOs.

• Where industry engages early with communities and stakeholders, this helps communities achieve their expectations and aspirations;

• There is a need for a range of actions -no one mechanism that can deliver what indigenous peoples require.

• Currently in the indigenous space, with the rights question, there is a requirement for more formalized processes than the informal SLO.

A-10 Establishing Social Institutions for Comanagement of Public Forest Lands

Organizers: Jamie Barbour (US Forest Service), Cassandra Moseley (University of Oregon, USA), & Susan Charnley (US Forest Service)

Moderator: Cassandra Moseley

Presentations in this session examined the socioeconomic and sociopolitical constraints on establishing comanagement of public lands worldwide and the potential biophysical benefits from different management approaches. Presentations covered a range of comanagement examples from those initiated by governments to those promoted by stakeholders living in the affected area. In one situation Kanna Siripurapu discussed the resiliency of these systems by documenting the return to a community comanagement system that had been in place in India before British occupation and was reinstituted when residents became unhappy with centralized control and planning imposed by the current government. Many of the speakers emphasized the importance of bringing the right groups and individuals into discussions and agreements about how these sometimes quasi-official arrangements can operate successfully within official structures where objectives may differ from those of local stakeholders. They spoke about finding ways to provide direct and measurable benefits to community members, such as value chain clarification and enhancement for non-timber forest products sold locally and regionally by community members.

Common findings and lessons:

• If possible begin the process by identifying a set of desired future conditions that all stakeholder groups can accept if not agree to.

• Make sure the set of stakeholder groups includes all relevant groups.

• There is a need to build capacity within stakeholder groups in a variety of areas including organizational skills and interacting effectively with established government agencies and non-governmental groups that may be affected by changing governance arrangements.

• Efforts that do not include the full range of stakeholder groups are less likely to succeed than those that do, but it is difficult to create effective incentives for stakeholder groups who may have something to lose through initiation of new comanagement arrangements.

• There is often an uneasy tension between community members, who may feel they have traditional knowledge on their side, and experts about the right roles for western scientific information and traditional ecological knowledge in these discussions.

A-11 American Indian Forestry

Organizer: Donald Motanic (Intertribal Timber Council, USA)

Moderator: Donald Motanic
This session explored the perspectives and forest stewardship practices used by Indian tribes in the United States to address contemporary challenges such as forest health, climate change, and declines in forest products processing infrastructure.

Key findings and discussion points:

• Tribes managed their forests using prescribed fire techniques long before Europeans occupied the United States; the first federal forest regulation was on the Menominee Reservation in 1890, and not with the US Forest Service.

• The National Indian Forest Resource Management Act (NIFRMA; 1990) and Tribal Forest Protection Act (TFPA; 2004) have improved federal policies with tribes and documented the federal government's trust responsibility to tribes.

• Tribal forests are managed at $2.82 per acre and US Forest Service lands are managed at $8.57 per acre with tribes addressing the same environmental laws.

• Anchor Forest is a project aimed at developing on-the-ground collaboration among multiple government landowners to sustain a large geographical forest with infrastructure.

• Tribal members have overcome historical trauma (due to removal from homeland and families during federal government's policies and boarding school eras) to evolve with new policies, like the NIFRMA and nonprofit organizations like the Intertribal Timber Council, American Indian Science Engineering Society, Society for the Advancement of Chicanos and Native Americans in Science, universities, and others.

• These organizations provide support for tribal communities to gain education and tribal professionals to manage their forests. There is an immense investment opportunity in recruiting and retaining Indian people as future management leaders, and recommendations such as integrated coursework, mentorships, and internships specialized for Indian students can help facilitate the development of tribal students. Participatory approaches were introduced into management of protected areas more than 20 years ago. Since then different approaches were developed worldwide to implement participatory management of forest or wildlife reserves in Africa. However, information is required on the importance of participatory Protected Area management at the interface of human needs and sustainable wildlife conservation needs to evaluate the sustainability of the management system. This technical session highlighted different experiences in participatory wildlife management in Protected Areas throughout the world, but particularly in Africa, and inspired further investigations into the threats to wildlife. Moreover, it provided an overview of the best practices, which could be applied to forest conservation, and how this could improve the sustainable access of local community members to forest resources.

The session included four presentations covering different approaches: Chabi Djagoun highlighted how monitoring resource-selection functions of bovids can be a powerful tool to detect potentially negative effects of human activities on those ecologically and economically important species in multiple-use areas. A presentation by Hugues Apkona on conflict mitigation between spotted-necked otters and fishermen suggested that otter damage could be reduced if fishermen checked fishing equipment at least twice a day, and recommends a maximum interval between checks of 12 hours. Achille Assogbadjo pointed out the importance of rodent species as food supply and impact of hunting on the rodent populations and dynamics, and proposed sustainable harvesting techniques. Edward Wiafe's study results indicated that encounters with illegal wildlife use in Protected Areas increased with increased patrol efforts before encounter rates started decreasing. Neither the rainfall seasonal activities nor prosecution were as effective in reducing illegal activities as increased patrol efforts.

The general discussion at the end of the session focused on two related questions: (1) How effective is our management approach in the Protected Areas? ( 2) To what extent is the local community engaged in Protected Areas management and conservation in developing countries. While there was no resolution to either of these very pressing issues, and it is clear that there must be further debate before they can be resolved, the following recommendations were made by participants during the discussion:

• Build the volunteering spirit among the local population around the Protected Areas.

• Promote self-financing and/or long-term funding support for the Protected Areas to avoid negative impacts on Protected Areas following short-term projects.

• Promote education in the local communities living around the Protected Area.

• In the case of trans-boundary Protected Areas, harmonize the management rules between the different countries involved.

• Promote effective benefit-sharing mechanisms around Protected Areas to reinforce local communities' engagement.

• Promote innovative participation mechanisms with an effective representation of a high proportion of local community members.

• Establish a permanent data-collection system on Protected Areas management effectiveness and sharing of best practices.

A-13 Innovative Planning and Managing Approaches for Sustainable Tourism in Forests and Natural Areas

Organizers: Taylor Stein (University of Florida, USA), Peter Fredman (Mid Sweden University, Sweden), Nobuhiko Tanaka (Tokai University, Japan), & Liisa Tyrväinen (Finnish Forest Research Institute)

Moderator: Taylor Stein

This session addressed the multiple dimensions associated with tourism in forests and natural areas including benefits to society and local people. Speakers from Europe, Japan, and the United States addressed the complicated role forests have with tourism and highlighted innovative research that examined the planning and management in forest-based environments. Specifically, speakers described research that examined the appropriateness of tourism development in forest-based environments, and perceptions of tourists and tourism providers on the ecological impacts of tourism, as well as the benefits tourism could provide to rural areas.

Key findings:

• Nature-based tourism and recreation areas in Florida are currently in good condition and could receive more visitations to provide benefits to more visitors and surrounding communities; however, monitoring must occur to ensure quality experiences and environments.

• Forests play an important role in Sweden for nature-based tourism providers. This includes an indirect role in providing aesthetic environments and habitat for fish and wildlife.

• In Japan, tourism destinations are continuously changing due to the discovery of new tourism resources or with the establishment or removal of facilities; research suggests methods to evaluate tourism potential in nature-based areas with changing mosaic land uses.

• Research that examined tourists' environmental and accommodation preferences in northern Lapland tourism destinations of Finland found building density and patterns are important in defining the quality of the environment in tourism destinations, as they affect the nature experiences associated with accommodation.

• To assist in designing appropriate tourism development for protected areas in Brazil, research showed that zoning of the conservation unit was possible to select areas suitable for ecotourism, as well as guide managers to restrict use in environments not suitable for tourism development.

• Research of off-highway vehicle recreation use in Utah shows differences in perceived and actual supply of OHV infrastructure and attractions, and these differences are affected by a variety of social and physical factors.

A-14 Integrating Landscape Protection, Nature-Based Recreation and Tourism, and Rural Development

Organizers: Tuija Sievanen (Finnish Forest Research Institute), Ellyn K. Damayanti (Bogor Agricultural University, Indonesia), & Taiichi Ito (University of Tsukuba, Japan)

Moderators: Ellyn K. Damayanti & Taiichi Ito
This session dealt with research, planning, and management of protected and recreational areas in rural communities, highlighting research on integration of local communities with the parks to enhance local community and visitor benefits, and conflict resolution.

Key topics discussed:

• Presentations focused on ecotourism topics, how to develop research based on evidence, and ecotourism for rural development.

• Research methods in ecotourism study are improving, not only using social-economic methods. Among new methods introduced in the session are: Q-methodology, scenario analysis, RS/GIS in landscape analysis, and RS/GIS in forest inventory and vegetation analysis. 

Moderator: Peter Fredman

The purpose of this session was to look at trends and foresights regarding outdoor recreation opportunities in different countries from Northern Europe and other regions around the world. The session also included new methods for monitoring outdoor recreation; development of outdoor recreation indicators; and adaptations to climate change, conflict management, and forest aesthetics. The following key findings were reported in the session:

• In Finland, the national outdoor recreation demand survey has been conducted two times, and trend information covers participation rates of 86 recreational activities, characteristics of close-to-home recreation occasions and nature trips, and use of different types of recreation areas. Current research is now using several different approaches to forecast outdoor recreation participation.

• National inventories of outdoor recreation in Denmark show that access facilities are present on more than half of the Danish forest area. It is revealed that national forest inventories can include a number of recreational/social indicators, which generally are not available otherwise.

• In Sweden, outdoor recreation participation is currently measured through a "last-visit" web-based panel approach including 700 responses each month during one year with questions concerning participation, accessibility, motivation, and constraints. The survey will provide information on indicators to follow up the new Swedish outdoor recreation policy.

• The monitoring program National Inventory of the Landscape in Sweden (NILS) combines field inventory with aerial photo interpretation. The aim is to monitor prerequisites for biodiversity, but data can also be used for recreational assessments. Twenty-eight thousand photos are systematically collected, and the data is suggested as indicators for outdoor recreation.

• Great Britain has a long-established program of outdoor recreation monitoring. A considerable body of data has been generated over the last 20 years revealing patterns and trends in forest-based engagement.

There is now a need to move away from indicators of sustainable forest management toward natural capital accounting and an ecosystems approach.

• Research in Maine about adaptive capacity of tourism destinations to climate change shows different levels of concern exist among the diversity of stakeholder types (private, non-governmental organizations).

Few stakeholders have embraced emission mitigation strategies as part of their business practices.

• Research in Denmark suggests that some outdoor recreation groups have a willingness to travel farther than the average to reach a forest with few visitors. This research can assist in a development of policies aimed at managing conflict among forest user groups. 

Moderator: Christian Gamborg

This session explored the underlying values and ethical aspects related to forest, wildlife, and recreation management and the understanding of conflicts, situations, and approaches for handling conflict situations, including human-human, human-nature, and human-wildlife interactions.

Key findings and important knowledge gaps:

• The relation between forest and people is complex, and we need to have a better understanding of these relations in terms of underlying values and in terms of understanding what divergences exist.

• Natural resource management is conflict management.

Important findings of conflict understandings and values from specific studies in the session:

Related to forests:

• The use of fire is a contested intervention, and here forms of local, collaborative governance have a place.

• In tropical human-dominated forest landscapes, top-down exclusive approaches to forest and biodiversity conservation frequently create local conflicts due to unequal distribution of power, rights, and benefits.

• Modern policy interventions may have conflicts with and displace traditional knowledge in community practices. With the increased influence of industrialization and marketization, forests may be faced with more powerful interventions that displace tradition.

Related to wildlife:

• While researchers have examined many models of collaboration, along with the interests and roles of participants, less attention has been paid to possible interactions between different processes or the effects of these. Here, there is a need to negotiate; e.g., indigenous collaboration in forestry, including hunting.

• While there is a high value of subsistence hunting for nutritional purposes, there is also important cultural values, and there are dynamic networks of bushmeat that consolidate indigenous identity and solidarity.

Related to recreation:

• Criteria and indicator frameworks are an important tool for implementing and evaluating Sustainable Forest Management (SFM). While indicators are generally designed with some participation from interest groups, the values or criteria that members of the public use to evaluate forest management have received less attention.

• Recreational hunting is something completely different from subsistence hunting, and is getting more controversial as underlying values in western societies are changing toward less utilitarian.

A-17 Linking Landscape, Forests, and People: The Historical Roots of Biocultural Diversity 

Moderator: Mauro Agnoletti

This session sought to explore the historical development of biodiversity patterns associated with "natural" and "cultural" landscapes, including those shaped by local and landscape-level traditional forest management practices and uses of biodiversity, and the evolution of policies affecting biological and cultural diversity and heritage. It also considered how a fuller understanding of biodiversity is revealed when its historical dimension is explored, recognizing the actors, factors, and processes that have shaped each forest landscape in the more general process of "environmental biodiversification" through human history. The speakers reported the results of case studies from North America, Central America, Africa, Asia, and Europe, presenting a wide range of perspectives, highlighting not only the different values associated to biocultural diversity in the different socioeconomic environment but also a range of research tools and methodological approaches, showing the advancement of these studies in different parts of the world.

Key findings:

• The influence of humans on all the features of forest can be dated back several millennia. This was especially evident in the case studies presented on Europe and Central America. Forests' species composition, density, and structure have been shaped according to the needs of society, and can still be studied today. Specific uses, such as timber for railroad constructions, have affected large forest areas as shown in the case study from Wyoming, USA, where forest utilization had an important relationship with the ecology of pine forests, creating gaps favoring the regeneration of pine. In forests shaped by ancient societies such as the Maya, different research tools used to trace their history differ in their ability to determine historical species composition and their use.

• The role of biocultural landscapes resulting from the historical development of human/nature relationships are today associated with important initiatives aimed at valuation of cultural landscapes and their role in the competitiveness of the rural territory, the environmental quality, and the quality of life of the rural population. These approaches were presented in the case of the Italian register of historical rural landscapes in Italy and the Satoyama initiative from Japan. The importance of a landscape approach considering forests as a cultural product is important not only for the promotion of landscape resources for tourism and the local foods, but also to recover a better integration between farming and forestry. These two are very often living "separate lives," compared to the integration existing in the past. The landscape as one of the services offered by the ecosystem, presented for Japan, is a concept that has still to be clarified and more widely debated. Cultural landscapes developed through history determine the qualities of the range of ecosystem services offered.

• The possible negative effects of traditional practices (compared to the conservation of forest integrity) were discussed for Nigeria and Cameroon, as well as the perception of the indigenous population of the positive role of forests and trees. It appears that a wide set of long-lasting immaterial values associated with forests, as well as the traditional role of trees for socioeconomic activities, can still be found in these countries. These papers reflected the paradigm of human degradation theories concerning the African continent, largely discussed in the past decades in the field of historical ecology. In this respect the negative role of human influence, if compared to the ideal state of a forest, is taken as the point of reference. The different types of forests (e.g., savannah types) produced by local culture are judged according to the same view. However, use of the forest by a community should also be judged according to the amount of services that the modification induced to forest ecosystems produces, creating a biocultural dimension that requires a different assessment.

A 

Moderator: Yeo-Chang Youn
This session focused on the relevance of traditional knowledge (TK), practices, and social/governance institutions in the conservation, management, and restoration of forests and sustainable use of forest biodiversity.

Key findings:

• There are many countries where traditional knowledge is being eroded, although some countries have scientific-based research evidence on this issue.

• Traditional knowledge has been contributing not only to ecosystem conservation and landscape restoration in traditional or modern ways, but also maintaining the livelihood of communities.

• Involving local people by integrating traditional knowledge into conservation practices is an important factor for the success of conservation efforts.

• Traditional worldviews, particularly causal relationships based on religious or spiritual beliefs, must be considered in the exchange of knowledge and interactions with communities.

Discussion points:

• The terminology of "traditional knowledge" was debated as a replacement of the term "traditional ecological knowledge."

• Gender is a crucial aspect to practice, inheritance, and innovation of the traditional knowledge.

• While TK is threatened by international trade-related treaties and government interventions, it may survive given its utility for biodiversity conservation.

• People/communities should be viewed as a part of the ecosystemtraditional knowledge of a given locality can be used for governance of the local ecosystem, and the knowledge innovation should also be based on the traditional knowledge originated from the local community and ecosystems.

• As we try to understand the role of traditional knowledge in Sustainable Forest Management (SFM), it is important to recognize that traditions and TK have been evolving when faced with threats and interventions by modern technology and institutions.

• While many may consider all the changes in TK are bad for SFM, perhaps some innovations of TK may be good for SFM.

• Greater effort is needed to identify and recognize the value of traditional knowledge for sustainable forest management.

A-19 Wood and Forest Culture: Merging the Past with the Present

Organizers: Howard Rosen (US Forest Service) & Woo Chun Young (Kookmin University, Republic of Korea)

Moderator: Howard Rosen

This session examined the historical, religious, artistic, and other social values of wood and forest culture, emphasizing the economic, environmental, and scientific impacts to different regions of the world.

Key findings:

• Identification of wood species in early wooden objects, such as wooden coffins in Egypt, can give insight into the historical presence of forest species in ancient lands.

• Use of wood products in non-residential buildings can give way to plastic products because of lack of availability of mature and durable timber in Nigeria, reflecting need for affordable timber products with acceptable properties for commercial structures.

• The importance of the use of historical species, which had excellent mechanical properties and color, was emphasized. The importance of identifying these species and historical techniques of construction can be useful in rehabilitation projects.

• The rainforests of Brazil are renowned for their biodiversity and importance to the "people of the forests" in relation to the cultural, economic, historical, and social aspects. More programs and enforcement are needed to protect the Amazonia forest in the future.

• The importance of wood and forest products is (and was) critical to the advancement of human culture. We feel the necessity to look at these developments and make sure they continue in the future.

A-20 On-Farm Trees: This session examined the status of on-farm trees research and discussed the integration of traditional silviculture and local ecological knowledge of multipurpose trees for the design of small-scale forestry practices. A total of 10 oral presentations and 11 posters were presented in this two-part session, covering a variety of agroforestry and other forest and tree-based systems managed for fruits, and other food crops in a number of countries in tropical Asia, Africa, and Latin America.

Key findings and discussion points:

• On-farm trees are managed under a variety of simple and complex forest to agroforestry systems. They serve multiple uses including food, firewood, and timber.

• There is gender differentiation in on-farm trees management related land and trees ownership.

• On-farm tree management is part of an adaptation strategy to cope with uncertainties.

• Discussions on drivers of on-farm trees management.

• Traditional knowledge of forests and trees is important for establishing complex and resilient tree-based natural resource management systems.

• Land and trees rights status affects the planting behavior or the management of trees.

• Role of policy and technical support such as the extension services.

• Knowledge gaps highlighted during the session included: integration of gender issues in multipurpose species survey, importance of selective logging and pruning to improve on-farm tree production, and ecological issues of on-farm trees.

A-21 Coppice Forests -A Tradition with Future

Organizer: Gero Becker (Albert-Ludwigs-University Freiburg, Germany)

Moderator: Gero Becker

This interdisciplinary session focused on the silvicultural, ecological, management, utilization, and social aspects of coppice forestry. The session included 10 oral presentations and three poster presentations from all parts of Europe and from South Africa. The European COST Initiative EuroCoppice was presented and participants were encouraged and showed interest to cooperate in the future. The large number of participants underlined the high interest in and relevance of coppice forest issues as well as the need for an interdisciplinary approach of coppice-related research.

Discussion questions and identified research needs:

• Until what age or after how many repeated cuts do coppiced stools have a good growth potential?

• Do trees developed from coppice have inferior root system mechanical stability compared to trees from seeds?

• How does the reduction of many sprouts from one stool to one single shoot influence the growth of height, diameter, and total volume?

• What is an optimal coppice clear-cut size to achieve both good regeneration and growth?

• Which combinations of number of cuttings and rotation age fulfill the specific needs of different types of forest owners; i.e., smallholders versus pulp industry?

• What is the right balance and ecological and financial benefits of different numbers of standard trees in a coppice system?

• How do different terrains and social conditions affect the feasibility and performance of low and higher mechanized harvesting systems?

• Official forest policies in many countries do not favor coppice management systems despite their beneficial effects for local communities -how can this be changed?

• Do coppice forests deliver different, more, or better, services -e.g., watershed, erosion, biodiversity, and cultural values -compared to high forests?

A-22 Forests Under Pressure: Prerequisite Conditions for Forest-Related Sustainable Development

Organizer: Pia Katila (Finnish Forest Research Institute)

Moderator: Glen Galloway (University of Florida, USA)

The session introduced the new book Forests Under Pressure -Local Responses to Global Issues produced by the IUFRO Special Project World Forests, Society and Environment. Four case studies were presented from different parts of the world (Mexico, Brazil, India, Mozambique) to illustrate conditions and interaction between conditions that foster or hinder progress toward sustainable forest management and forest-related development. The session also presented the main findings across the 27 case studies analyzed in the book, and discussed the findings in relation to future outlooks and scenarios.

Key findings:

• A more holistic understanding is essential of the context in which SFM is being pursued, including the interacting processes and emerging tradeoffs affecting SFM. More comprehensive policies and approaches are required to address key issues in local contexts and to generate positive synergies among conditions for SFM.

• Globalization of markets and investments steer forest-related developments in many countries. It can lead to large-scale land concessions to the detriment of local forest-related development and livelihoods. But these processes can also lead to employment creation in forest-related production or forest-based services. The local context and preconditions for SFM shape the impacts of globalization on local forest management and sustainable forest-related development.

• Outcomes of SFM should be monitored on a continuous basis to detect positive and negative interactions among prerequisite conditions and the mechanisms whereby these interactions lead to changes in local livelihoods and forest conditions. In like manner, policies and measures that may influence the prerequisite conditions for SFM should be tracked, recognizing that adjustments to policies will be required over time to bolster conditions favorable for SFM.

A 

Moderator: Wil De Jong
This session examined recent studies that shed new light on the comprehensive and dynamic interrelations between forest transition and economic, social, cultural, and political changes and discussed the implication for forest policy and related environmental and climate change policies.

Key findings, discussion points, and knowledge gaps:

• There is a set of factors deriving transition to sustainable forest management, which can be interpreted differently for different countries under different situations.

• Land tenure exerts profound impact on forest cover change.

• Different stakeholders can interpret a policy of the government differently. This is especially so when the implementation is delineated to a lower level of government bodies interacting with local stakeholders.

• In the case of empirical studies, the selection and measurement of variables is critical for meaningful results.

• Women's participation in management decision-making is important.

• The rules need to be adaptive to the social and economic changes of the locality to maintain better forest management.

• Theoretical frameworks are needed for systematic understanding of the relationship between forest transition and economic, social, cultural, and political changes.

A-24 Smallholders and Forest Landscape Transitions: Locally Devised Development Strategies of Tropical America

Organizers: Benno Pokorny (University of Freiburg, Germany) & Wil de Jong (Kyoto University, Japan)

Moderators: Benno Pokorny & Wil de Jong

This session focused on the responses of peasant communities to the forest development approaches emerging in tropical America's forest landscapes, and the resulting economic, social, and environmental outcomes.

Key findings:

• Tropical America's forest landscapes show a huge diversity of contexts, people, and livelihood strategies.

• When dealing with forested landscapes, it is challenging to overcome the (academic) routine of looking first to forests to identify win-win opportunities and only then to people.

• In current policy contexts, the capacities of smallholders are often insufficient to deal with the livelihood and resource use challenges and to compete with other actor groups.

• However, in some contexts local people have managed to establish feasible livelihood strategies relying on the effective use of natural resources.

• Smallholders do have the potential to contribute to local development but, from a national perspective, capitalized actor groups employing input-intensive land use systems are often providing more attractive benefits.

• 

Moderator: Runsheng Yin

The session updated recent advances in implementing forest tenure and governance reform based on the experiences of different countries, and addressed the knowledge gaps and policy challenges encountered in the process.

Key findings:

• Forest devolution and tenure reform has gained broad academic attention and made noticeable progress. This is because of its importance to reducing deforestation and forest degradation and increasing forest regeneration and growth in general and the implementation of REDD+ initiatives in particular.

• There has been a great need to recognize and reward carbon rights; however, they may or may not coincide with existing customary or statutory tenure rights. Also, without substantial commitments by developed countries to forest-based climate change mitigation, it seems impractical to expect developing countries to undertake substantive reforms.

• Moreover, it will be a long, complex, and challenging process, implying that it is unrealistic to expect major advances. Regardless of climate change mitigation, international organizations must provide adequate assistance and advice in capacity building and policy design and implementation.

• Gaps remain on how to effectively assess the reform initiatives as well, because of the lack of appropriate frameworks, models, and empirical data. More and better work on the linkages between devolved tenure and governance systems and forest conditions is needed. Key findings:

• The presentation by Pam Jagger reported the results a studied 360-village study through the Poverty Environment Network (PEN).

The key findings indicated that higher levels of subsistence of income are associated with state-run forests compared to forests run by communities or private individuals.

• Han van Dijk highlighted from his extensive research on dryland forests in Sahelian zone and the impact of conflicts on women. He stressed that lack of access to forest resources impacts women and causes children's malnutrition.

• Purabi Bose's comparative case study on collective forest tenure in India, Bolivia, and Uganda showed that gender difference is not just about men and women, but that differences exist within men and women from different caste, religion, education level, economic status, and power position. However, in general, men usually prefer land to be privately owned while women prefer collective tenure.

• Anne Larson presented collaborative research work on women's participation in Nicaragua using Adaptive Collaborative Management (ACM).

• Madhu Ghimere described progressive reform in Nepal that mandates equal participation of women and men on executive committees, but women are underrepresented.

• Kanna Siriparupu presented his preliminary finding on women's participation in forest committees in the Odisha province of India.

• Aida Lapis highlighted the important role of women and youth in mangrove restorations. Women's involvement in success of rehabilitation is critical.

The key points raised during the discussion included the need for: development of gender-integrated methodologies, more cross-country comparative case studies, and implementation of policies to encourage women's active participation.

A Key findings:

• High relevance of research on REDD+, FLEGT, and illegal logging at global, regional, national, and sub-national levels.

• Theory-based analytical frameworks are needed for forest governance research analyses; pure descriptions only slightly advance scientific knowledge.

• Analytical frameworks may fruitfully draw on a number of social science disciplines and their theories such as political science, sociology, anthropology, economics and others.

• Governance research is needed on both individual levels and across levels; e.g., applying a multilevel governance perspective.

A Moderator: Lukas Giessen

The session included contributions from political science, international law, social psychology, and forest inventory and monitoring. It provided innovative multidisciplinary insights into main factors influencing the effectiveness of international forest policy. The main results include:

• Main factors influencing the effectiveness are international and national forest-related bureaucracies, legal and forest inventory systems, individual decision makers, and wood-related industries.

• Additionally it revealed the importance of clearly defining and justifying the dependent variables as well as being aware of methodological challenges when analyzing the effectiveness of international policies.

A-29 The Knowledge that Counts -Analyzing Science Policy Interactions in Forest Policy

Organizers: Michael Böcher (Georg-August-University Goettingen, Germany) & Georg Winkel (University of Freiburg, Germany)

Moderators: Michael Böcher & Georg Winkel

The session focused on the interactions between scientific research and forest policymaking and practices, including problems and prospects for scientific knowledge transfer in forest policy and assessment of long-term trends of the science-policy interface.

Key findings:

• Existing science-policy interface models (e.g., the "linear model") have to be seen critically.

• In some countries forest research is not appropriately in accord with the strategic challenges of the forest sector -a strengthening of forest policy/governance research is necessary.

• Forest owners do not always have an interest in research results.

• Ideals of scientific forestry have sometimes crumbled in the face of material, financial, and politico-economic constraints.

• Focusing on management decision tiers provides a more nuanced picture of the forest science-policy nexus.

• Work with Bayesian Belief networks is a promising strategy for advising forest management practices.

• Science policy interactions in forest policy is a highly relevant topic that needs to be further investigated.

• The network of researchers agreed upon meeting again in 2015.

A Moderator: Daniela Kleinschmit

The goal of the session was to review the state-of-the-art in the policy coordination and integration literature for describing and analyzing the evolving relationships within and among a number of substantive resource policy sectors from a forest policy perspective. All contributions to this session took forest and forest-related policy as a central subject matter. Analogously to the more familiar studies of environmental policy integration (EPI), forest policy is characterized by developments that call for enhancing cross-sectoral and multilevel policy coordination and integration. Furthermore the session considered policy coordination and integration in the wider field of forest-related policies against the background of the literature on policy integration (PI) in general and the rich literature on environmental policy integration in particular.

Issues raised and discussed during the session:

• If policies adjust to another or if one policy dominates another; e.g., if agricultural policy "eats up" forest policy in the landscape approach.

• Policies are easier to integrate when framed as business opportunity.

Scientific Program

• The integration of bioenergy policy as environmental integration or economic integration.

• Challenges of multi-stakeholder approach: emergence of new groups and influence from outsiders, competition of different groups of stakeholders, often focused on budgetary issues.

• Collective forest tenure reform in China: unwillingness to coordinatenot obligation; lack of information interaction -little feedback.

• Policies in Europe: reason for not having a forest policy lies with countries of active forest sector; instead, other policies increasingly affect forest policy.

• Ecosystem services help to better approach multi-functionality and understand trade-offs and synergies (allocate the goals in the landscape where they fit the best).

• In different sectors, fundamentally different/competing policy paradigms exist: forestry and timber paradigm in conflict with nature conservation paradigm.

• Substantial policy integration is hard to achieve (lacking interest of important economic players and different policy sectors).

• Policy integration is not an innocent content but a strategic approach.

A Moderator: Peter Mayer

The session was dedicated to the memory of Prof. Dr. Peter Glück and highlighted the theoretical-conceptual work and thematic areas to which Peter significantly contributed in the course of his academic career. These included:

• A discussion on rationalist vs. communicative approaches to forest policy, taking the conceptual work on national forest programs as an example.

• The analysis of the obstacles and challenges in the development of forest owners associations in the Western Balkans.

• The assessment of forest governance in Europe and the pan-European region and possible scenarios for future arrangements.

• The outline of a problem-focused policy learning architecture as a recommendation of IUFRO to the Collaborative Partnership on Forests (CPF).

Key findings:

• Participation is a critical and complex issue when it comes to the design and implementation of national forest programs. A mix of rationalist and communicative approaches has to be considered in their design.

• Political science analysis demonstrates a high interest in the formation of forest owners associations on the Western Balkans; nevertheless the implementation faces obstacles rooted in the policy sphere of the respective countries.

• In the European Union a de-facto common forest policy exists through regulations in various forest-related fields such as climate change and biodiversity. The potential options for the establishment of a more centralized forest policy for Europe range from legal to voluntary as well as mixed scenarios.

• Policy learning can help to overcome constellations of conflict among various stakeholders and is especially applicable as a way forward in international (forest) policy negotiations.

A Key findings and discussion points:

• Forests, being a natural resource providing not only forest products but also a number of ecosystem services, need to be considered as an important object of environmental law as a public law, while the issue of property rights in the case of forest resources is also very important. During the session, the legal framework of community forestry of indigenous people in Latin America was broadly discussed and compared with the situation in other parts of the world. Also, special attention was devoted to the development of forest ownership structure in the former Ottoman Empire and present-day Turkey.

• There are many contradictions in both forest legislation as well as environmental (especially nature protection) legislation that need to be dealt with. Considering that forests are the main type of ecosystem in protected areas, it is obvious that especially the legal issues of administration and management of forests in protected areas are of the utmost importance.

• As a number of session participants are actively involved in negotiating processes on a legally binding agreement on forests in Europe, the latest developments in this area were broadly discussed. While there is a general consensus about the significance of such an agreement, the concrete actions toward finalizing this process are not facilitated in a best way possible.

A 

Moderator: Cassandra Moseley

In the last 30 years, forest policy in some OECD countries has been characterized by virulent conflicts between environmental groups and the forest sector. The "spotted owl" controversy in the US Pacific Northwest, the heated debate on Tasmanian forests (Australia), the "Great Bear Rain

Forest" (Canada), or remaining old growth forest in Scandinavian countries have gain much public and scholarly interest. In some cases, these conflicts resulted into major changes in forest policy and had significant effects on societies. In other countries, environmental conflicts in forest policy have been much more hidden and lingering, contained to experts' debates and decision-making.

This session started with the presupposition that there is what one may label an "environmental question" in forest policy in almost all countries that contain managed forestland. Distinct societal perspectives on forest and related interests (e.g., forest as a renewable resource to be managed sustainably versus forest as place for "pristine" wilderness and biodiversity, forest for recreation versus forest for income of land owners) and forest management paradigms coexist in almost all countries, and forest policy is continuously striving for balancing these different stakes, with very different "'outcomes" depending on the country and region. With this session, we sought to shed light into the "environmental question" in forest policy and responses by forest policy makers (i.e., policies and governance arrangements and their effects) in OECD countries. Although this panel had very diverse presentations, a number of common themes did emerge. Most forest policy and management issues discussed did have areas of conflict, but those cleavages do not necessarily break along expected lines, and may not be the same across countries. The adage that politics makes strange bedfellows appears to hold true. For example, in the case of policies banning imports of illegally harvested logs and lumber, we learned that in both the European Union and the United States, success depended on support from the forest products industry, but in the EU it was largely the importers who supported the legislation, apparently to improve their image, whereas as in the US domestic producers support import bans at least in part to protect themselves from low cost imports.

In addition to revealing that similar groups in different countries view policies differently, discussion brought forward examples that make clear that interest "groups" are not homogeneous groups, suggesting that emerging issues such as climate change and bioenergy, in particular, might divide environmental interests and timber interests differently than in the past. For example, environmental organizations focused on biodiversity may see bioenergy development differently than those focused on climate change and renewable energy.

A-34 Forestry Education Serving Science and Practice

Organizers: Piotr Paschalis-Jakubovicz (Warsaw University of Life Sciences, Poland), Siegfried Lewark (University of Freiburg, Germany), & Yemi Adeyeye (IFSA/Bangor University, UK)

Moderator: Piotr Paschalis-Jakubovicz

The activities of IUFRO and the International Forestry Students' Association (IFSA) as organizations highlighting the importance of forestry education in a changing world were introduced to the audience, followed by eight presentations discussing experiences and insights on forestry education worldwide. They were focusing on the development of new education strategies for improving higher forestry education, including new approaches to distance education, technology and didactic of e-learning, movement toward Open Education Resources (OER), and the growing role of universities in continuing education.

Key findings:

• Greater effort is needed toward improving the understanding and interest of high school students to increase undergraduate enrollment in undergraduate natural resources programs.

• Young leadership programs and other forms of development capacities are needed to enhance the transition of students into professional careers.

• Problems faced in forestry education such as financing, aging, new standards, separation from modern practices, and limited opportunities to exchange knowledge were discussed. These problems were highlighted by presenters referring to the current situation in Africa and Russia.

• It has been questioned if the skills, knowledge, and learning outcomes of a university degree coincide with the needs of future employers.

• Modernization and other improvements in forestry education were highlighted as urgent needs.

• Presenter and participants agreed on the need for adjusting forestry education and making forestry more attractive to young people, stakeholders, and professionals, but also for university teachers, and students. All of them have to act jointly and work together.

• A stronger collaboration related to education in the field of forestry was suggested as a future Joint IUFRO/IFSA Task Force. Key findings and discussion points:

A-35 The Social Education of Foresters

• A sound understanding of social sciences including (but not limited to) gender issues, property rights, cultural history, local institutions, economic systems, and social networks are important for foresters and natural resource management professionals as management, business, and policy development is more likely to succeed smoothly, with due consideration of social needs prior to implementation.

• Many forestry professionals today are lacking sufficient training in public consultation techniques and tools for holding effective community meetings/focus groups that are necessary (in some cases by law) or to effectively implement new landscape management plans (i.e., landscape restoration, fire management, land use management zoning for agricultural practices). Young resource management professionals should have these soft skills in community organizing, meeting facilitation, communications, qualitative data management, and analysis. Many of these skills are learned on the job, rather than in post-secondary institutions. The social sciences offer a variety of tools and technologies for studying humans and their relationship to the environment and natural resources. These basic concepts should be taught to forestry and natural resource management students.

• Social scientists within forestry faculties/schools are generally under-represented worldwide and many social foresters are severely challenged to find work within forestry schools. However, there are some significant regional and institutional differences.

• There are significant differences in what faculty members expect students to know, what students expect to learn, and what employers expect from prospective employees. Education programs should be to clarify and bridge the gaps between these differences.

• Change is difficult and is possible if faculty members begin to support the idea that change is needed. Transformation requires a sense of urgency; pressure needs to be created by senior institutional staff, employers, and students alike.

• While some universities would be challenged to hire sufficient new faculty to modify education programs, gaps could be filled through online courses offered at institutions in a collaborative manner, whereby students could receive equivalent credit for these courses at their home institutions.

A Moderator: Carla Heister (USA)

Data and information function both as components within the research process and as derived products from the research process. How data and information are organized, discovered, and made available for use was the theme of this session.

Key findings:

• The National Forest Information System for Greece will provide authoritative data by 2020.

• Librarians give research teams a strong component for information discovery.

• The Remote Sensing Applications Center (USFS) serves GIS data to both the research and public communities.

• GIS model development distills many layers of GIS to produce an information-rich product.

• Latin American land cover change data as developed by the Terra-I project is very accurate as validated by groundtruthing.

• The Landscape Change Monitoring System (USFS) provides land cover and land use data for the US Key findings:

• Asymmetrical relations existed between regional and national reporters during coverage of COP10. National level reporters were less informed and more conflict oriented in Japan.

• The stakeholder interface in climate change adaption research resulted in change to forest management strategies and concrete recommendations and was enhanced by embedding local knowledge with scientific information in a case study from Sweden.

• Experts and novices view images differently regarding their perceptions of biodiversity in Sweden.

• European forest pedagogy provided a basis for developing an effective children's education program in Slovakia.

• The Forestry Research Institute of Nigeria has made significant impact on the well-being of neighboring communities including job creation and increase in income.

• Training for the forestry sector in Guyana resulted in better cooperation between local populations and people working in the forestry sector.

• Systematic, evidence-based review of key issues for family forest owners in the US highlighted issues of forest management planning, riparian management, climate change, invasive species, and intergenerational planning, which was the highest expressed concern.

• Homeowners generally had accurate perceptions of the risk their homes face from wildfire and took action primarily in response to information from their local fire departments versus other information sources including neighbors and forest-related agencies in a US study.

Challenges identified during the panel discussion:

• The real needs of people and the particular communities they form need to be understood in communications and knowledge exchange. Most of the world's people remain closely tied to the communities in which they live.

• The pace of change in how people get information impacts how extension and communication specialists reach targeted audiences. The power is in the networks that our devices are able to access and use. There is rapid movement toward open data and on-line sharing of information -particularly maps and related spatial data -and of applications for manipulating data from many sources to address particular questions and needs.

• New technologies offer ways to better engage many audiences and need to be explored in communicating research. Today's youth, quick and ready to access networks and download and use apps, will grow up expecting to have access to useable information from varied sources.

• Science policy integration was a common theme as was the need for collaboration among various stakeholders. When communicating research findings especially to policy and decision makers, it is useful to present a broader picture by means of synthesis reports together with policy briefs in a non-technical language.

A-38 How to Make Forest Science Available for All? Publishers', Editors', and Authors' Challenges

Organizers: Pekka Nygren (Finnish Society of Forest Science) & Eeva Korpilahti (Finnish Forest Research Institute) Moderator: Annika Kangas (Finland)
The eight presentations included in this session dealt with the problems of publishing scientific knowledge from different perspectives. The talks covered the development of journals, publications, and submissions; benefits and drawbacks of open access publishing as well as electronic and traditional publishing; and possibilities to promote either interesting papers from the journal's perspective or from the author's perspective, and the problems of disseminating the scientific results to the end users.

Key findings:

• The number of submissions has grown exponentially during the last 10 years, and the number of journals and published papers has doubled in that time. It means that the number of review reports needed has also increased exponentially. The rejection rates have also increased, and the result of this is that same papers are reviewed several times in several journals.

• Open access publications are very important, especially in the developing countries. There is a danger, however, that the availability of the publications will be a more important factor in what publications are actually read and cited than the quality of the research.

• The articles can be promoted in several ways, either by the journal or by the authors. For instance the journal may ask reviewers to develop their reviews to commentaries that are also reviewed and published with open access. The authors may promote their work for instance on Facebook and Twitter. The promoted works do get more downloads and citations than average papers. This increases the visibility of science, but there is also a danger that what gets cited is not the best research but the most actively promoted research.

• Electronic publishing means that there is a danger that the publications will vanish if the journals are not published anymore. The publishers need to arrange the archiving of the science, as libraries do not necessarily do that to electronic publications in the same way as for paper publications.

• As the number of publications and journals keeps rising, and some of the publications may have dubious quality, it will be more and more difficult for the end users to find relevant and reliable information from among the publications. It will be more and more important to publish also short syntheses of the publications that are based on reliable science. but it is evident that a "one size fits all" approach is inappropriate. Even within a country, there may be major differences in the costs and threats associated with ecosystem services, raising the possibility of negative opportunity costs in some areas. Sorting out these problems is an urgent priority as forests and the many services that they provide continue to be grossly undervalued, resulting in their conversion to other forms of land use.

Forest Biodiversity and Ecosystem Services

Key findings:

• Market failures are leading to the wasteful consumption of ecosystems.

• Many systems of payments for ecosystem services are now operational around the world, and many of the earlier problems have been resolved.

• Care is needed in academic studies of ecosystem services, since many factors can affect the responses of participants in, for example, choice experiments.

• As services become better priced, conflicts may arise because some more traditional uses may no longer be competitive.

• There is a need for credible conditionality.

• Various models exist, such as the DEFRA offsetting model. These can be used to gain good ideas of offsets.

• Even when there are no cash transactions, the concept of ecosystem services can be important in helping people change the way they think about ecosystems, enabling them to better grasp the range of services that ecosystems can provide, and the trade-offs between these.

B-02 Urban Forest Diversity and Ecosystem Services

Organizers: David Nowak (US Forest Service) & Wesley Kocher (International Society of Arboriculture, USA)

Moderator: David Nowak Urban trees and forests provide numerous ecosystem services and substantial value to the majority of the people in the world and these services are critical to maintaining the health and well-being of the urban environment and its human population. These services and values are directly dependent upon the urban forest structure and species composition/diversity within urban areas. However, due to several factors, the vegetation composition within urban areas is changing, which will impact the ecosystem services provided to current and future generations.

As relatively little is known on urban tree species diversity and its impact on ecosystem services, this session will provide the latest research on species diversity in cities across the globe, ecosystem services provided by urban trees, how the urban forest composition and species diversity affects various ecosystem services and values, and how the urban forest composition and species diversity are and likely will change in the future. Information provided by this session can be used to help guide future research and policies related to sustaining critical ecosystem services provided by urban trees and forests.

Key findings:

• Urban forest values in the United States related to air pollution removal, carbon sequestration and avoided energy use and associated emissions is estimated at over $15 billion per year.

• Urban tree species richness and diversity is often higher than in rural forests.

• Urban forests and associated species diversity are likely to change due to development, climate change, insects/diseases and invasive species.

• β Diversity of tree species among cities is still high and mainly affected by climates, distances, and established times.

• Some of the most common urban tree species globally are black locust, cherry plum, weeping willow, and ginkgo.

• Park planting in cities in the mid-to late 1880s significantly affected species diversity.

• Development density, distance from development, and land ownership impact forest attributes.

• Species diversity and richness in the Chicago region is highest on residential land.

• Species diversity and richness in Baton Rouge, Louisiana, is highest on residential land.

• Ozone uptake by urban trees on a per leaf area basis are greatest for elm spp., live oak, and American basswood.

• Photosynthesis of three species under flooding had an increased trend when the CO2 level elevated, but the rates were lower than that of the control.

• Among three species, in general, live oak was least affected by flood treatments and sawtooth oak was most affected.

• There is a growing body of literature on the impacts of urban forests and nature in metropolitan areas on human health and wellness. Key findings:

• There is a strong need for DSS to consider growth models and ecosystem models that can address changing environmental conditions, including biotic and abiotic disturbance agents, and allow evaluations of multiple ecosystem services.

• DSS should provide frameworks that allow consideration of uncertainties in decision-making and provide possibilities for risk evaluation.

• There is a strong need to include decision makers and DSS users in the design of the DSS from the very beginning in order to meet their demands.

• DSS increases transparency of decision-making processes, supports formal evaluation of decision alternatives, and allows inclusion of various stakeholders and actors in decision-making.

• There is a dilemma in addressing all aspects of the complex decisionmaking contexts in forest management while still trying to design simple applications according to user demands. This session provided a forum for scientists engaged in long-term interdisciplinary forest research to share their experiences and to promote cross-site research collaboration and networking to examine key research questions at larger scales.

Key findings and discussion points:

• Long-term investigations are needed to understand forest stand dynamics, thinning effect, appropriate harvest system, monitoring of biodiversity as a bioindicator for protected area management, and development of growth modeling for sustainable forest management.

• There are many long-term research networks at the regional level (e.g., in tropical forests, EU, LTER, Model Forest) and it is necessary share their experiences, knowledge, and information through a global network on long-term forest research on forest ecosystem management. 

Moderators: Sandra Luque & Christine Fürst
This session examined how the distribution of ecosystem services and their monetary and non-monetary values can be influenced by changing scenarios (land use, climate) at different spatial scales, and the development of methodologies for mapping indicators that can be directly related to environmental policy assessments. The session aimed to provide a menu of scale dependent solutions to operationalize ecosystem services for application by decision makers at different policy levels, and for local and regional practitioners including land, water, and nature managers linked to forest activities at different levels of implementation.

Key questions and findings:

• How helpful is the concept of ES compared to the concepts of multifunctionality and sustainability? Are these complementary or are there major differences?

• Useful because it provides a broadened perspective while enabling actors with different backgrounds to exchange on values by: (a) solving the vagueness of the sustainability concept; (b) refining "languages" and being more specific; and (c) showing the dependence between (ecological) process outcomes and societal benefits.

• Qualitative and quantitative assessment approaches can easily be combined and support integration of highly different values (placebased, culturally specific, subjective perceptions).

• Less problematic than sustainability, ESes can be more objectively compared across different scales and consider trade-offs between expectations of different actors at different decision levels (nonexclusive) => services bundles that address multiple needs.

• Problems persist to define what is a good (sustainable) provision or consumption of a service; this is not possible without deep understanding of ecological processes.

• There is still a need to explain better the concept to policy/decision makers that might not understand non-market and cultural value systems.

What are major requests to adapt or improve and introduce the ES concept in multi-scale decision processes? What role can forestry overtake and how can we learn from 200 years of SFM for the benefit of today's and future societies?

• Need to combine spatial modeling and spatial approaches with stakeholders, knowledge and analysis; the latter should include rating and valuing exercises to integrate contextual cultural perspectives (mapping as a key instrument).

• Aspects of socio-ecological vulnerability and land system resilience need to be included.

• Different temporal and spatial scales need to be considered.

• Acceptance that even ES-based assessments do not deliver singular "best solutions," but an array of options to adapt or change land use and management.

Can payments for ecosystem services (PES) provide a substantially new and successful instrument to enhance SFM especially in small-scale (private) forests? What can we learn from success and failure examples? What additional instruments (governance) would we need?

• PES does not solve the problem of responsibilities for ecosystems and the question of who should pay needs to be answered.

• Capacity building and awareness rising at different scales were identified as very important; such activities should involve the active participation of both the providers and users of ecosystem services to define appropriate compensation options.

• Costs and compensation needs are greatly scale dependent; therefore, general price for one ESS is not overall transferrable. 

Moderators: Donald Hodges & Donald Grebner

This two-part session included presentations focused on research and management related to the economic and accounting aspects of ecosystem services, including the effects on management decisions.

Key findings:

• Compensation of socio-environment benefits can lead to an obvious improvement of the rents and socioeconomic and structural conditions of local communities.

• Methods of measuring the socioeconomic importance of ecosystems services depend on data availability as well as matching the appropriate data to the right ecosystem service.

• Evaluating the effects of forest management strategies on human communities and landscapes requires a multi-criteria methodology and input from multiple stakeholders for effective decision-making.

• Although the value of biodiversity protection often assumes independence of geographical and political jurisdiction, recent research suggests otherwise. The willingness to pay for biodiversity protection as a public good depends on nationality and distance scales.

• Emphasis should be on bringing ecologists and economists together to more effectively make management decisions. Using economic tools such as a production possibilities frontier can achieve consensus.

• Public stakeholders are able to bear higher opportunity costs than private landowners and provide greater ecological benefits.

• To manage forests for ecosystem services, a multifaceted approach that measures people's preferences toward different services is necessary. Discrete choice models are useful tools to address these issues.

• In some locations, historical land use issues create barriers for potential afforested lands.

• Sequestering forest carbon is a viable economic activity in countries such as Brazil.

• Revenue generation flows from ecosystem services has been lacking in developing countries due to both legal and illegal logging. Key topics discussed included:

B-07 Silvicultural Practices to Facilitate Forest Restoration

• Terminology overview as well as identification of relevant strategies, methods and techniques.

• Restoration and establishment of desired forest and forest landscape structures.

• Regeneration techniques -direct seeding, planting, and natural regeneration.

• Use of nurse crops and pioneer species to restore forest conditions and facilitate late-successional species.

• Restoration or reintroduction of native species.

• Restoring fire regimes to reduce fire hazards and support biodiversity;

• Disease-management.

• Restoration to support biodiversity by various silvicultural systems and thinning regimes.

B-08 Forest Regeneration: Challenges and Prospects

Organizer: Magnus Löf (Swedish University of Agricultural Sciences)

Moderator: Magnus Löf

Regeneration is a key to perpetuating and improving our forests, and for forest restoration the tree regeneration phase offers the best opportunity to change tree species and ecosystem structure. This session included nine presentations of inspirational research from six continents.

Key findings:

• Spot-wise fire can be used as an effective site preparation method for some Eucalyptus species.

• Browsing and grazing strongly affects the outcome of regeneration at many places.

• Conversion of planted conifers to native broadleaves (rehabilitation) does not only occur in Europe, but nowadays also in other countries; e.g., Japan.

• Restoration and regeneration after stand-replacement fire may have the benefit of leaving the dead trees, logs, etc. rather than cleaning up the site and then regenerating it, which also costs more.

• For many tree species to be used during forest restoration, we lack general knowledge about their regeneration requirements, patterns, and processes.

B-09 What Future for Tropical Silviculture?

Organizers: Robert Nasi (CIFOR, Indonesia) & Plinio Sist (CIRAD, France)

Moderators: Robert Nasi & Plinio Sist
This session presented experimental data on the sustainability of selective logging and plantation forest management in the tropics, with an emphasis on the impact of tropical silviculture on biodiversity, biomass production, and ecological processes of natural and planted forests. The presentations were very diverse and covered the three continents where tropical forests are found. They included studies on a variety of harvesting systems and their impacts on timber volume reconstitution and environmental services such as carbon storage and biodiversity.

Key findings:

• Currently, about 400 million hectares of tropical moist forests worldwide are designated as production forests, about a quarter of which are managed by rural communities and indigenous peoples. There is now clear evidence that, with current logging practices, timber volumes will decline after the first harvest unless the pool of species harvested is expanded or the minimum cutting diameter is reduced.

• We are seeing a gradual impoverishment of forest resources inside forests that were selectively logged 30 to 40 years ago. In these forests, the volume of timber extracted over the first cutting cycle was mostly from large trees that grew over several centuries in the absence of strong anthropological pressures. Today, in many forests likely to be logged for the second felling cycle, that volume has not been reconstituted and, in many cases, the young trees expected to make up the next harvest are largely lacking in numbers as no silvicultural treatments have been undertaken.

• Tropical forest management was long dominated by logging companies that managed large concessions. However, it is estimated that approximately 800 million people in rural areas worldwide obtain important contributions to their incomes through extraction of timber and other forest products.

• The involvement of different actors in the management of natural tropical forest is undoubtedly one of the key issues in promoting largescale SFM and preserving forests from degradation and conversion in the future. The so-called community-based forest management (CBFM) must therefore be developed to contribute more actively to the forestry sector than in the past, when logging companies were the main supplier of timber. 

Moderators: Nicholas Brokaw & Emmanuel Opuni-Frimpong

Increasing demands for both production of timber and biodiversity conservation create conflict in the provision of these ecological services. This session aimed to explore how biodiversity can positively impact management of high-value timber species (e.g., protection from pests and pathogens) and, conversely, how management for high-value species helps conserve biodiversity (e.g., how planted forests can conserve biodiversity).

Presenters in this session covered both tropical and temperate species and hailed from Belgium, Costa Rica, Czech Republic, Germany, Ghana, Indonesia, Japan, Sweden, Nigeria, the Republic of Korea, and Switzerland.

Key findings:

• A species-diverse forest can be compatible with producing quality timber (quantitative analysis of forest stands over Europe, and in the Czech Republic).

• Multispecies plantings of rare valuable species in patches are useful for both forest restoration and timber production (disappearing indigenous species in Cameroon).

• Valuable timber species themselves can be the biodiversity in need of conservation (Sorbus in Europe, Cedrela montana in Ecuador, African mahoganies in Ghana).

• Focused management can promote biological and structural diversity as well as valuable species (single-tree management in Japan, clustered oak plantings in Germany).

• Restoration of productive forests could promote both biodiversity and valuable timbers (broadleaf species in Sweden).

• Plantations can provide refuge for some biodiversity (Gmelina arborea in Nigeria and Swietenia macrophylla in the Philippines).

• Interactions with biodiversity can be very complex (specialist moth herbivore probably reduces the density of S. macrophylla in Amazonia, promoting a more diverse forest composition).

• Mixed plantations may result in better growth of valuable species than in monocultures (Khaya grandifoliola in Ghana).

• Management for both biodiversity and timber production may require a mixture of stands with management practices focused on different ends (Congo basin).

• However, our understanding of how to manage for positive synergy between high-value timbers and biodiversity has a long way to go. 

Moderator: Pil Sun Park & Raffaele Cavalli
The session dealt with scientific findings on the structure, function of mountain forest ecosystems and engineering operations and management activities in mountain forests.

Key findings:

• Governance of mountain forests of diverse European countries was reviewed and the development of integrated multifunctional governance was found to be necessary across the region.

• Mountain forests are closely connected to lives of local people inside or near them. More research and information transfer should be conducted on mountain forests to conserve, use, and protect the region as well as improve the life of people in it.

• Mountain forests become more important in the role of providing services and goods. 

Moderator: Kurt Gottschalk
This session provided summaries of the importance of oak for biodiversity and ecosystem services and of oak regeneration issues and solutions in several regions of the world. The session started with a review of the large diversity within oaks around the world and then a summary of the importance of oaks for maintaining biodiversity. Specific papers then addressed the need to maintain oak forests in protected areas in Sweden, a review of oak direct seeding in the USA and Europe, the use of prescribed fire as a silvicultural treatment to sustain oak forests, largescale regeneration patterns and issues in Spain, the use of nest and cluster planting to foster oak in Germany, the light environment of gaps to develop oak regeneration in China, and the biodiversity of leaf minors and gall insects on oak in Hungary.

Key findings:

• Oak forests around the world share many commonalities while also having regional and local site differences.

• One commonality is their importance in supporting biodiversity.

• Oak forests in many areas provide important social values in addition to their biological values.

• Land use changes due to humans have changed disturbance patterns such that they no longer support oak regeneration in areas dominated by oak forests.

• Silvicultural treatments that mimic natural disturbances can be used to encourage natural regeneration.

• Grazing and other human disturbances can hinder regeneration.

• Planting and direct seeding are viable alternatives for obtaining oak regeneration in some regions.

• Better information on oak genetics and systematics is needed to help understand the ecological and silvicultural processes needed for oak management.

• Long-term research on regeneration treatments are needed in many regions of the world. Together these presentations covered a wide geographical range and a comprehensive consideration of valuation of ecosystem services and their relevance to forest management and policy.

Key findings and knowledge gaps:

• The session showed that progress is being made on the valuation of ESes, in management approaches and planning to optimize their delivery from forestry.

• The presentations provided strong evidence of the mechanistic link between productivity and the delivery of other ESes; for example, high tree species diversity and good adaptive management will deliver high productivity, higher biodiversity, high resilience against abiotic and biotic risks, better conservation, and higher recreational value.

• The ES approach is clearly a conceptual advance on sustainable forest management achieved via Forest Certification schemes. The approach allows us to consider cost sharing, forest planning, and land use to achieve optimal benefits in forestry. The ESes paradigm fits well with the promotion of planted forests and resonates with stakeholders. Planted forests have a strong role to play in the delivery of landscape scale and multisectoral provision of ESes.

• However, significant knowledge gaps exist in the quantification of ESes and the approach is not yet having sufficient impact on forest policy and land use decisions. Progress needs to be made in applying the ES concept so that it influences land use planners and policy makers across sectors -the ability of the ES approach to achieve better crosssectoral solutions is critical. This session examined the role of forests in sustaining agricultural livelihoods and the role of landscape management planning to address the social and economic drivers of deforestation in agricultural landscapes and optimize provision of forest ecosystem services to agricultural communities.

B-15

Key findings:

• Forests are important for agriculture in a number of respects, including their physical importance such as shade trees, providing nutrition as well as detoxification of soil and water around agricultural area, and providing pollinators and natural enemies.

• Quantification of relevant distance between forests and farmlands and sizes of forests required to obtain forest ecosystem services from forests could be different in regions but are not yet well known. • A large number of genes involved in many molecular functions and biological processes are expressed differentially in response to climate change conditions in black spruce. Several genes showed adaptive response to sulfate air pollution in red spruce. This work assisted in understanding the responses and adaptation of spruce to changing climate and environment conditions.

• Tree species are ideal candidates for "assisted gene flow," the movement of pre-adapted individuals within species ranges, for reforestation or restoration to track climate change, as shown in lodgepole pine and interior spruce by genomics studies.

• Functional genome-wide variation was identified in loblolly pine breeding populations phenotyped previously for many adaptive traits using SNP genotyping and genotyping-by-sequencing. This work has significance in understanding local adaptation, and conservation and tree breeding.

• A study of range-wide molecular and chemical variation of medicinally important and endangered African species Prunus africana, assisted in understanding its genetic differentiation and phylogeography, and provided information for designing conservation strategies.

Understanding fine-scale spatial genetic structure and past and current gene dispersal could assist to develop appropriate seed sourcing and tree stand management strategies in this species.

• Ponderosa pine exhibits complicated patterns of morphological and genetic variation. A range-wide study using nuclear and mitochondrial genetic markers provided surprising insights into its evolutionary history and phylogeography, which is of conservation and management importance.

• Precipitation and/or maximum annual temperature gradients were shown to be the key environmental factors affecting growth productivity of forest trees.

• There is a need for educational materials that can be used by nonspecialists to increase the knowledge and awareness of the value of integrating genetic considerations into conservation and sustainable management of trees and forests. Bioversity International has developed thematic training modules to fill this gap.

• Karyological studies in Picea species demonstrated the occurrence of B chromosomes is common in several species, and B chromosomes may have a role in adaptation of species and populations.

• A DNA markers-based timber tracking system has been developed for Koompassia malaccensis in Malaysia. (Lee). Such a system could be developed and used for a wide variety of tree species.

• Trembling aspen in the western US is genetically distinct from that in the rest of its range, and a large portion of it is triploid, including many of the largest clones. Genetic evidence indicates that seed-based reproduction is important, which could increase the adaptive potential of this species.

• Provenance and progeny tests of Eucalyptus robusta in Madagascar showed that the wood volume could be doubled by selecting the best provenance for a specific site.

• Site characteristics that explain variation in Douglas-fir productivity, stem form, and adaptability could be identified by progeny tests.

At the end of the session, through a lively discussion, it was concluded that genetic and genomics research and applications can contribute significantly to breeding, genetic improvement, conservation, and sustainable management of forest resources, especially under changing climate and environmental conditions.

B-17 Salamanders: World Icons of Aquatic Biodiversity in Forests

Organizer: Deanna Olson (US Forest Service)

Moderator: Deanna Olson

Almost 70% of world amphibians have associations with forests and woodlands. In particular, salamanders are iconic symbols of forest biodiversity, including the giant salamanders of Asia and America, which attain sizes measured in meters; the fire salamanders of Europe, known to emerge from ancient people's fires due to their associations with down wood; the newts, which proudly swanker along the forest floor in broad daylight due to their toxic skin, rendering them immune to predators; the pond-breeding mole salamanders, for which inter-pond connectivity is of paramount importance for their persistence; and the woodland salamanders, which are nocturnal and fossorial, lending a mystery to their existence. Their notoriety in world lore is now being trumped by our increasing understanding of the myriad forest ecosystem services they provide, and the multiple threats they face. This session focused on highlighting these ecosystem services, forest salamander habitat requirements, and the complex array of stressors affecting these animals.

A novel ecosystem service of woodland salamander presented by Hart Welsh (US Forest Service, California) was their functional role in mediating carbon retention in the forest-floor leaf litter via predator-prey interactions.

Forest habitat relationships were presented by:

• Kirsten Hecht in her assessment of streams in protected and unprotected forests as habitat for hellbender salamanders.

• Jessica Homyack, who focused on the use of down-wood microhabitats by terrestrial species.

• Wesley Staats, who used LiDAR to understand forest macrohabitat suitability.

• Valorie Titus, who focused on the ramifications of pond habitat fragmentation for mole salamanders in Long Island, New York.

Key threats were addressed by:

• Deanna Olson, who found reduced densities of stream-associated salamanders in areas managed by narrow stream-riparian buffers with upland forest thinning; This session discussed the full spectrum of saproxylic species, highlighting the functional importance of dead wood across multiple trophic levels within managed forest ecosystems.

Key findings:

• Generally, more insects depend on dead plant materials than on living plants, hence a constant supply of deadwood is essential to maintain biodiversity.

• Comparisons of organisms exploiting deadwood in managed versus unmanaged forests revealed the importance of natural disturbance regimes to maintain diversity of deadwood organisms.

• Responses of organisms at each trophic level are different though the reasons for this are unknown.

• Excessive exclusion of deadwood from an ecosystem induces local species extinction.

• Forest management practices including clear-cut and retention should be planned at the landscape level. Key findings:

• Tree species affect soil carbon pools through both below-and aboveground litter inputs.

• Fine roots need to be redefined based on their order and/or function. A simple division into absorbing and transport roots was recommended based on physical traits of fine roots.

• On some soils, particularly tropical soils, roots can grow very deeply and can be found at depths of over 12 m. Sampling layers need to be sitespecific.

• In some soils, more that 50% of total soil C and ca. 70 of total Mg is below 1 m soil depth.

Discussion points:

• Land use and plant species (e.g., conifers/broadleaves) during history affect current soil carbon pools.

• Belowground data is often neglected even in ecosystem-level process studies.

• When soil is sampled for carbon stores, roots may be included or excluded, causing inconsistencies and errors in estimates.

• Climate change seems to increase belowground production and litter and may cause roots to grow deeper.

• Belowground studies are methodologically challenging due to the heterogeneity of the soil environment: statistical representativeness/ sampling possibilities.

• Root data from different species and sites is needed for more accurate carbon models, but funding often favors just modeling.

• Crop tree roots such as eucalyptus in the tropics have been poorly studied.

• Root data is a key knowledge gap for C modeling.

Important knowledge gaps highlighted during the session:

• Carbon allocation to roots and mycorrhizas (and mycorrhizal mycelia)

and their drivers, too few estimates exist on species and sites for biome-level estimates.

• Relationship between fungal species diversity and root processes.

• Rhizodeposition/root exudates and root respiration carbon fluxes.

• Coarse root and buried wood inputs and decomposition rates.

• Nutrient and carbon retranslocation within the root system.

• Understory species roots.

• Management impacts on tree roots: importance for aboveground growth. 
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Moderators: George Shaw & Frédéric Coppin
This session reviewed and presented current research on the impacts and long-term dynamics of radioactive fallout on forest ecosystems and management strategies for rehabilitation of affected forest ecosystems.

Key findings:

• Forests are an important interface between atmosphere and soil with a potential effect on global element cycling,

• A key research question is to what extent are forests a possible sink for radionuclides or a vector for further recirculation?

• A large part of cesium (Cs) for tree-root uptake comes from recycling, which is influenced by the initial interception of deposition and subsequent absorption by foliage.

• Tree uptake of the total deposition inventory is actually very low -14% of exchangeable pool, 1% of total deposition.

• Due to the Cs dynamics in forest ecosystems, Cs is expected to remain in the system for a long time.

• In Fukushima, Cs was measured in wood in 2011, so absorption must have occurred immediately after deposition.

• There was an increase of Cs in heartwood in Japanese cedar from 2011 to 2013.

• Detailed measurements of internal contamination of trees has shown gradual transfer from sapwood to heartwood since 2011 and also significant early differences in vertical distribution of Cs in Japanese cedar, though equilibrium distribution throughout the trees is now being approached.

• Cs in soil O layer decreased from 2011-2012, then stabilized in 2013.

• External dose calculations show that the relative distribution of Cs between soil and tree canopy is important in controlling the dose rates, especially 1 m above the soil surface.

• Transfer of Cs from tree to soil explains the decrease in dose rate measured by airborne surveys over the Fukushima prefecture.

• Clean-up around house and farmland is taking place in the Fukushima area, but decontamination of forest is controversial.

• Longer-term management of the Chernobyl Exclusion Zone is being undertaken which involves thinning of some forest stands to reduce fire risk and also management of some areas as wildlife reserves.

• Calculations of worst-case risks of forest fires indicates a relatively low impact on human health, though control of this risk is desirable.

• The Fukushima accident provides perhaps our best opportunity to collect complete data sets on Cs cycling in forests, including the early phase of contamination for which data are lacking after the Chernobyl accident.

Forests and Climate Change The examples included large-scale scenario modeling for Europe as well as detailed examples from North America, South America, Africa, and Asia.

In addition to natural-science issues the session featured a presentation focusing on the framework for socioeconomic and policy issues of climate change for forests and forestry in Asia, using India and other countries in this region as examples.

Three issues were identified during the discussion as key components to consider carefully in further research:

• Ensuring realistic and relevant scenarios for forestry practice (for example, in terms of species and management practices);

• Ensuring the statistical validity of assumptions (for example by specifying the error/variability associated with future scenarios);

• Ensuring a relevant policy framework/social context for future scenarios (for example, by including or specifying legal restrictions [actual or anticipated] as well as traditional beliefs or management practices that may influence future developments).

C-02 From Understanding Drivers to Gaining Leverage at the Tropical Forest Margins: 20 Years of ASB Partnership

Organizers: Peter Akong Minang & Elizabeth Kahurani (World Agroforestry Centre, Kenya)

Moderator: Peter Akong Minang

This session discussed the evolution of theories and approaches to addressing the complex drivers of deforestation and forest degradation and the experiences of the ASB Partnership in order to draw lessons and define questions for further research.

Theory 1 -land sparing: The initial theory that shifting cultivation was responsible for deforestation and that the problem could be tackled through agricultural intensification (land sparing) was a bit naïve and too simplistic. As agriculture became more profitable, more land would be cleared to maximize on the profits.

Shifting cultivation in some cases does not cause deforestation but stable forest degradation.

• In Mexico, shifting cultivation does not cause deforestation but does degrade the forest and reduces carbon stocks. In fact, the practice is operating successfully and sustainably in the region, with two years' cultivation and 5-10 years' fallow time. There is a need to explore viable options to control degradation and promote restoration.

• In the Amazon Basin, Brazil, and in the Congo Basin, Cameroon, swiddens systems is an acceptable use of the land when conditions are stable, but the systems become degraded with shorter fallow periods and forest encroachment due to pressures such as high population.

• Ecosystem services potentially spared through agricultural intensification can be quantified and valued to establish a business case for policy makers.

• In Uganda, quantitative data and valuation figures make a business case for the land-sparing paradigm. But this can only work with efforts to have integrated policies, create awareness among rural populations on gaining profits from intensification, provide crop diversification, and address rapid population growth.

Theory 2 -land sharing via fair and efficient incentives: Agriculture/ forest trade-off practices can be addressed locally, but ensuring watershed functions, for example, requires conservation of forest mosaics at a landscape scale. Fair and efficient reward-incentives-based mechanisms and co-investment are needed, taking into consideration trade-off between public and private benefits. Knowing these costs can help to frame policy.

• In Indonesia, a case study showed that auctions can be used in payment for ecosystem services as an efficient alternative to identify opportunity cost but does not guarantee compliance. Factors for successful implementation include access to information by farmers, identification of constraints to compliance, and balance between sanctions and incentives.

Theory 3 -landscape approaches: Currently, a landscape-scale alternative to REDD+ being tested is co-investment in environmental services through reducing emissions from all land uses (REALU).

• Spatially explicit data from various contexts in Indonesia shows that a very specific understanding of drivers of deforestation and recovery of tree cover is needed as they vary from context to context. Specific leverage points can be identified by understanding this interconnectedness and variation amongst the drivers. Key findings:
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• Biodiversity needs to be recognized for its contributions to essential forest functions when designing REDD+ projects.

• Social safeguards are essential and must be designed locally.

• Governance is often complex and can make projects difficult to implement, but strong governance is essential for REDD+ to succeed.

• REDD+ safeguards are required to deal with all important social and environmental issues in tropical forests -biodiversity, social, and carbon -even when one of three is a focus.

• Analyzing local expectations/concerns, which are generally related to safeguards, is important for implementation of REDD+ projects.

• While REDD+ payment cannot cover the cost of REDD+ and REDD+ safeguards, PES-based approach could be appropriate in Nepal as well as in Costa Rica where application of safeguards seems to offer little incentive to local people.

• Maintaining local customary use of national parks established for REDD+ made an Indonesian REDD+ project successful.

• Incentives for local community were crucial for implementation of REDD+ projects in Ghana.

• REDD+ plus safeguards at the project level must be designed with local needs and conditions carefully considered. 
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Moderator: Bimbika Sijapati Basnett
The literature on gender issues in climate change and forest governance is still in its infancy. Drawing on theoretical and empirical evidence from a wide range of countries and contexts, the seven presentations and ensuing discussions shed light on how to study gender issues in climate change, strengthen women's meaningful participation in decisions and benefits, improve policy targeting, and mitigate risks of climate change in forest-based communities. Some of the key topics of discussion included the following:

• How we can build on the rich history of feminist research on political participation and forest governance to inform current attempts to engender social and environmental safeguards in REDD+.

• Whether and to what extent decentralization strengthens women's resilience to climatic variability, drawing on evidence from Cameroon.

• Experiences with mainstreaming gender and social inclusion in REDD+ process in Nepal.

• Results of a global comparative study on the "Poverty Environment Nexus" that questioned some of the commonly held ideas on how men and women access, manage, and use different forest products. Key findings:

• The importance of applying scientific findings to public policy by bridging the gap between scientists and policy makers was highlighted.

• Climate change is exacerbating fire behavior in arid areas of the United States.

• Spruce budworm outbreaks are moving further north in the Canadian boreal forest as a result of climate warming.

• There is potential range expansion of gypsy moth further north.

• Southern pine beetle outbreaks are now occurring in more northern pine forests.

• Dead wood serves as microenvironments for numerous organisms and its accumulation is necessary for boreal forest sustenance. Management of dead wood requires careful thought by policy makers before removal in order to maintain ecosystem integrity. 
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Key findings:

• Climate change is already affecting fire regimes around the world and is projected to influence global fire activity for the remainder of this century.

• Climate change will have the greatest effect on fire regimes at northern latitudes, and future boreal fire impacts will be complex due to many inter-relationships between fire, permafrost, peatlands, albedo, and future forest composition, structure and distribution.

• Studies in Australian eucalypt forest ecosystems suggest increased CH4 uptake under changing climate conditions.

• Canadian research on future fire activity and wood supply indicate increasing vulnerability of Canadian boreal forest timber with climate change.

• Future fire danger will increase in some tropical forests, but there are a variety of adaptive fire management practices that can be implemented to reduce fire impacts in these forests that are largely fire-sensitive.

• Model simulations of future fire regimes in Europe demonstrate the potential to substantially reduce predicted future increases in area burned under climate change through the application of prescribed fire and improvements in active fire suppression.

• Climate change warming (rather than drying) was found to be responsible for future predicted increases in fire indices and area burned in the US Rockies, Southeast, northern Great Plains, and Southeast regions.

• Research in China indicated that current and future fire occurrence density was strongly related to human settlements and travel corridors, and landscape simulations suggested a substantial increase in broadleaf tree species coverage by the end of this century. 
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Moderators: Cristina Aponte & Helen Vickers

The session offered an overview of the effects of wildfire on fire tolerant and sensitive forests and presented alternative fuels management practices and their impact on forest biodiversity, carbon, and hydrology.

It brought together knowledge from around the globe including North America, Europe, Asia, and Australia.

Key presentation and discussion topics included: the importance of crosscollaboration and knowledge transfer, localized parameterization of fire behavior and ecosystem response models, and the key role of long-term studies.

C-09 Dendrochronology: Detecting and Modeling Climate Change and Fire Impacts

Organizer: Pekka Saranpää (Finnish Forest Research Institute)

Moderator: Pekka Saranpää

The purpose of the session was to examine dendrochronology as an indicator of climate change and disturbance events in forest ecosystems of different regions.

The session included five oral presentations and one poster. Speakers included experts from Russia, China, Brazil, Argentina, and the United States, with contrasting experiments and results on wood formation and tree ring analysis.

Key findings:

• Tree ring research is especially important to understand the effect of climate change and global warming on vegetation.

• Wood formation has optimum temperatures during growing season and thus different climate conditions result in changes in productivity and wood properties.

• Tree rings can be also used to reconstruct past climate conditions (known as paleoclimatology), species distribution, and dynamics. Key findings:

C-10 Vegetation

• Drift of vegetation zones is being documented at present in many mountain regions of the world.

• Shifts in vegetation zone generally exhibit adaptive response to climate change -exceptions include where distribution contractions occur more rapidly than when adaptive migration is possible, where substrates are inappropriate, or soil mycorrhizal associates are lacking.

• Tropical montane forests are in grave risk of biodiversity loss due to climate change.

• Rates of climate change are great enough that in many situations assisted migration is a likely adaptive management strategy.

• Modes of observed response include the modelled/expected consequence of upward or northern movement but also other responses, such as downward shifts, changes in aspect, and changes in vegetation structure, composition, and function without change in distribution.

• The concept of velocity of climate change is useful for describing and evaluating the likelihood of species displacement and risk/vulnerability to climate change.

• Mechanistic modeling and vulnerability assessments regarding range shifts are most useful when the vital regeneration phase is included.

• Maps displaying shifts in the suitable ranges of 215 tree species from around the world are now available, under two contrasting GCM forecasts. These have been calibrated to observed changes, which correspond well to the simulations. 
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Moderators: Alexia Stokes & Frank Telewski

Natural hazards in forest environments are increasing significantly due to anthropogenic pressure and a higher frequency of extreme weather conditions. It is thus urgent to find solutions for managing natural and urban forests so that their resilience to disturbances is increased against a background of climate change. Society also needs to shift from the maximum sustainable yield paradigm to an adapted forest management that builds ecological resilience through a holistic understanding of the ecological and physical processes involved. This session united researchers and practitioners to explore new concepts, models, and tools for improving natural and urban forest resilience. We examined resistance and resilience at different scales: tree individual, forest stand, and landscape, and asked how resistance and resilience can be integrated across these scales. We focused on two types of common hazards that disturb forest systems (i) geomorphologic; e.g., landslides, water and coastal erosion, and snow avalanches and (ii) weather; e.g., strong winds, snow, ice and rain storms, and extreme temperatures. The session included seven oral and five poster presentations.

Key findings:

• The terms resistance and resilience are difficult to understand and to apply in forest ecology.

• Belowground processes are still poorly understood and have not been adequately taken into consideration in models that deal with natural catastrophes; e.g., windthrow prediction models.

• It is difficult to restore a forest ecosystem because the initial state is often not defined and restoration can take hundreds to thousands of years, depending on the disturbance factor.

• Predictive models are proving helpful in determining vulnerability of certain forests or portions of forests to natural hazards such as wind or landslides.

• Climate change is impacting forest composition and regeneration after disturbance due to natural abiotic events (drought, wind, fire). 
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Moderators: George Gertner & David Paré

This session presented approaches to analyze uncertainties in forest measurements and models with applications of uncertainties in aboveand belowground estimates of forest biomass, carbon, and nutrient pools and fluxes, and other ecosystem attributes. Sixteen oral presentations in the two-part session addressed sources of uncertainty in forest ecosystem studies, including natural spatial and temporal variation, measurement error, model uncertainty, and model selection error. In addition, there were more than 30 posters on this theme.

Key findings:

• Quantifying uncertainty was shown to be important in establishing the significance of findings, making predictions with known confidence, and guiding investments in research and monitoring. Uncertainties were shown to influence monitoring designs and affected management and policy decisions.

• The importance of spatial variation in detecting change over time in soil stores and measurement error in forest inventory due to identifying or classifying trees, measuring diameters, determining whether trees are living or dead, in or out of a plot, etc., were illustrated.

• Uncertainty both within and across models was shown to be important in biomass estimation and climate predictions.

• In general it was shown that uncertainty/errors would occur in most forest-based studies whether assessed or not. For this, it was recommended that uncertainty should always be assessed and reported.

C-13 Modeling and Simulation Systems

Organizer: Grant Domke (US Forest Service)

Moderator: Grant Domke

This session examined applications of large-scale models and simulation systems for forest planning and management and for assessing the potential of climate change and mitigation strategies.

Key findings:

• Introduction of novel species and genotypes may be required if ecosystems services derived from forests are to be maintained in the future.

• New methods to incorporate spatially explicit datasets into models such as the Carbon Budget Model of the Canadian Forest Service can be used to integrate fine-scale forest disturbance information into forest carbon accounting.

• Economic models have utility in studying gains and losses in forest carbon with respect to national reference levels set for EU countries.

• Individual-based models may be used to study alternative forest management scenarios in tropical forest environments and provide visualizations useful to forest managers.

• Process-based models, such as the 3PG model, are gaining popularity over empirical models to make projections of forest dynamics.

C-14 Forest Biomass and Carbon Inventory on Successive Occasions

Organizers: Bianca Eskelson (Oregon State University, USA), Cris Brack (Australian National University), & Teresa Fonseca (University of Trás-os-Montes e Alto Douro, Portugal)

Moderator: Bianca Eskelson Speakers in this session discussed national successive inventory designs that integrate factors such as biomass and carbon as well as greenhouse gas emissions. The challenges that arise when dealing with remeasurements were discussed.

Key findings:

• Repeated measurements of ground plots are needed to have unbiased biomass and carbon estimates.

• Securing budgets for continuous remeasurement of ground inventory plots is one of the greatest challenges.

• Changes in sampling design over successive forest inventories have to
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be accounted for when analyzing the temporal development of forest structure attributes to ensure correct interpretation of the obtained results.

• Uncertainty estimates for emissions and sinks from land use and landuse change of forests should be presented.

• There are three types of uncertainties in carbon budget models: (1) model inputs, (2) model parameters, and (3) model structure.

• Earth observation data provide ancillary information that can support sampling procedures (e.g., for stratification) and improve accuracy.

• Tracking land use change is critical and may pose challenges.

• Re-examination of land-use classification and detection of land-use change with the support of ancillary information can mitigate gross errors due to changes in definitions and procedures.

• Inevitable changes in definitions and procedures can lead to gross errors in quantifying forest carbon flux when measurements from successive inventories are used.

• Natural disturbance and management events need to be tracked and their effects need to be quantified.

• Forest disturbance attribute maps across the United States derived from Landsat time series present new analysis opportunities and tools for mapping many forest attributes through time.

• Challenges of quantifying carbon flux of some aboveground forest biomass pools remain (e.g., dead wood, understory vegetation).

• Technical advances in estimating forest C pools (both above-and belowground) are needed to improve climate change monitoring.

• The efficiency of deadwood inventory can be tremendously increased by selecting an appropriate sampling technique and sample size allocation, when integrated into an existing forest inventory with two-phase sampling for stratification.

• A long rotation management cycle (80 years) might be preferable over a short rotation (40 years) with regard to the carbon balance in a wood life cycle, as presented for a Japanese softwood species, depending on their use.

C-15 Monitoring Soil Carbon Stocks and Dynamics at Variable Spatial Scales

Organizer: Robert Jandl (Research and Training Centre for Forests, Natural Hazards and Landscape, Austria)

Moderator: Robert Jandl

The session explored challenges of evaluation changes in total soil carbon stocks and its components in planted and natural forests.

Key findings:

• A wide variety of soil carbon simulation models are used. All have their strengths and weaknesses.

• Climate manipulation experiments and case studies are required in order to constrain modeling results.

• Climate change is perceived as an important driver in changes in soil carbon pools. However, unwise forms of land management, either due to ignorance or lack of governance, lead to site degradation manifesting itself as declining soil carbon pools. The session brought together researchers, scientists, practitioners, and managers with common interests to exchange ideas related to the use of remotely sensed data and national forest inventories to meet monitoring, verification, and reporting needs. This session presented and discussed the latest knowledge in developing methods and in using remote sensing and national forest inventories for estimation and mapping.

Six oral and three poster presentations addressed some of the challenges and opportunities in using remotely sensed data and national forest inventories to meet monitoring, verification, and reporting needs. The discussion in the session focused on ways to provide statistics at the national level to international reporting (e.g., global forest resources assessment) in a timely and consistent manner. In doing so, most speakers identified extent of forest areas, biological diversity, forest health and productivity (e.g., tree species group, volume and biomass), human dimensions and ownership, protection status, and institutional infrastructure and support as critical variables to improve forest monitoring and verification globally.

• Remotely sensed data and national forest inventories were shown to offer unprecedented opportunities to support sustainable forest management through global forest resource assessment and monitoring.

• LiDAR presents an opportunity to augment data, quantify forest attributes, handle missing data, and tackle emerging challenges efficiently and consistently across the globe. The current global forest biomass survey has some potential to improve forest resource assessment globally.

• Woven into various presentations was the importance of crowdsourcing and online platforms to improve estimation and mapping of land cover and biomass globally.

• Across presentations it was articulated that monitoring floor and vegetation cover in national forest inventory data is important for biomass estimation and climate predictions. The importance of spatial variation in detecting change over time in soil and vegetation were illustrated.

• In general it was shown that a new data infrastructure would help to move forest inventory and monitoring efforts toward a common continental framework. For this, it was recommended that forest resource assessment be assessed at ecoregion scale that goes beyond national scale statistics.

C-18 Using Multisource Remotely Sensed Data and Nearest-Neighbor Techniques to Improve Inference for Natural Resource Applications

Organizer: Temesgen Hailemariam (Oregon State University, USA)

Moderator: Temesgen Hailemariam

This session presented and discussed the latest knowledge in using multisource remotely sensed data and nearest-neighbor methods to improve inference for natural resource applications. Six oral presentations in the session showed and discussed how multisource remotely sensed data and nearest-neighbor techniques offer unprecedented opportunities to augment data, quantify forest attributes, handle missing data, and tackle emerging challenges.

Key findings:

• Presentations showed that sustainable forest management decisions are rarely based on single objectives, and hence, strategic and operational forest assessments require spatially explicit information to support timber production, fire hazard mitigation, biodiversity, and carbon balance goals.

• Woven in various presentations, the importance of remotely sensed data in improving biomass estimation and climate predictions was demonstrated. Speakers demonstrated that nearest-neighbor methods and parametric prediction methods are viable vehicles in providing timely, accurate, and precise information.

• In general it was shown that remote sensing is needed to assure spatially comprehensive data and to create wall-to-wall forest landscapes.

• Speakers asserted that multisource remotely sensed data provide a large number of variables. Hence, careful selection of variables and evaluation of their contributions are critical in linking ground and remotely sensed data.

C-19 Implementation of Silvicultural Treatments and Their Effects into Forest Growth Models

Organizers: Margarida Tomé (Technical University of Lisbon, Portugal) & J.P. Skovsgaard (Swedish University of Agricultural Sciences)

Moderators: Margarida Tomé & J.P. Skovsgaard

The implementation of silvicultural treatments and their effects into forest growth models were exemplified by a range of speakers from North America, Europe, and Australia. The session included reviews of the historical development of growth models and their links with inventory data and procedures. Considering contemporary developments the attention focused mainly on the incorporation of spatial patterns and spatiotemporal ecological and eco-physiological processes into operational models for stand-based predictions and projections. The session demonstrated interesting state-of-the-art overviews and examples.

• James Arney reviewed the historical development of forest growth models and their links with inventory data and procedures, contrasting mainly whole-stand and individual tree models, based on The Forest Projection System developed for forest types in the western USA.

• Teresa Fonseca presented the procedure for implementation of thinnings in individual-tree and size-class models for Maritime pine in Portugal, based mainly on various types of stand density indices. Fonseca specifically emphasized the development from stand-table projections to contemporary spatially-explicit model predictions. As part of the review Fonseca presented various approaches to quantifying thinning operations and their impacts on forest growth.

• Based on a brief review of the silvicultural practices for black spruce in Canada and specifically the options for uneven-aged management practices, Arthur Groot presented a growth model concept based on the light capture by individual trees (as alternative to competition-driven models). The model was calibrated based on yield tables.

• Valentine Lafond presented algorithms for incorporating classical selection system practices into growth models, for example based on accurate reflections of stand structure and stand structure changes. The model core was classical forest mensuration and regeneration variables, but with an outlook to biodiversity, deadwood and other ecosystem variables. A question from the audience was how stem quality could be included in the model.

• Cristiane Lemos presented an update of the 3-PG model to incorporate soil fertility in modeling the growth of eucalypt plantations in Brazil. The update was based on 130 twin-pairs of plots, one with and one without fertilization. Calcium and potassium were identified as limiting factors.

• Phil Polglase presented results from a P fertilizer trial in Monterey pine on sandy soil in New South Wales, Australia, focusing on soil carbon and the C/N ratio. Based on the difference in soil and litter C (between control and fertilized) to MAI (SI) PG modelled and explained the build-up of soil and litter C due to P fertilizer. • Several presentations emphasized the importance and utility of an integrated modeling framework to support the compilation of relevant data (inventories, growth and yield, activity data), data analysis including uncertainty analysis, and the identification of areas in which uncertainties can be reduced.

• Presentations from Australia, Mexico, and Canada outlined the use models to estimate regional and national-scale estimates of past GHG emissions and to develop estimates of future GHG emissions under various climate change mitigation and REDD+ scenarios.

• Developing consistent estimates of GHG emissions for 28 member states of the EU is challenging. A comparison of GHG emission estimates derived from a methodologically consistent Tier 3 model (CBM-CFS3) to those reported by EU member states assisted the identification of possible methodological problems.

• Requirements to report carbon stock changes and emissions associated with harvested wood products are being met with new tools developed by several countries following the 2013 IPCC Kyoto Protocol Supplement.

C-21 Complying with the IPCC Good Practice Guidance for Tropical Carbon Stock Inventories

Organizer: Ronald E. McRoberts (US Forest Service)

Moderator: John Coulston (US Forest Service)

The session addressed methods for complying with the IPCC Good Practice Guidance criteria: (i) neither over-nor under-estimation (bias), and (ii) uncertainties are reduced as far as is practicable (precision).

Key findings:

• Despite the relatively little emphasis accorded to the stock-change method, for countries with large area forest inventories, it is probably the most useful, accurate, and precise method available. Further, most countries that are currently developing monitoring, reporting, and verification (MRV) systems plan to extend them to full national forest inventories.

• Maps are not truth, and estimates based on pixel counting can deviate substantially from true values. Further, map accuracy assessments do not provide information on the quality of estimates or parameters of populations that the maps only inaccurately depict. Thus, statistical techniques for adjusting for bias and assessing uncertainty are necessary.

• Airborne laser scanning data are extremely useful for enhancing remote sensing-based assessment of below-canopy forest attributes such as biomass and carbon. However, data acquisition is currently too expensive for large-area estimation unless the Lidar data are acquired via sampling.

• Model-based inference does not require probability samples, and therefore merits consideration for application in remote and inaccessible tropical forests and even regions such as Siberia and interior Alaska.

C-22 Advances in Forest Carbon Measurements and Monitoring for Building REDD+ MRV Systems

Organizers: Yasumasa Hirata (Forestry and Forest Products Research Institute, Japan) & Andrew Lister (US Forest Service)

Moderators: Yasumasa Hirata & Andrew Lister

This session served as a forum to exchange scientific knowledge on forest carbon measurement and monitoring for building the REDD+ monitoring, reporting, and validation (MRV) systems. Eight talks were presented on topics related to the development and implementation of MRV systems, carbon measurement strategies, carbon budget models, and various remote-sensing and field-based measurement technologies.

Key findings and knowledge gaps:

• High-resolution data like LiDAR multispectral data were found to be very useful in quantifying carbon. For larger-area phenomena, coarse-or moderate-resolution satellite data were appropriate. There were many different satellite change detection options presented for monitoring fire, for example.

• Carbon budget models were being used, at least in Mexico, and generating data for these from multiple input sources was a challenge.

• Quantification of belowground biomass was found to be important, and sampling and field methods for doing this in a standardized way were presented (for Tanzania)

• Colombia has a very well-designed, integrated system that combines inventory data, remote sensing, research plots, and a national monitoring strategy to develop a baseline and present results in a logical, transparent way.

• LiDAR sampling was being used in China -linking LiDAR information to ground plots to generate carbon maps.

• One gap that was identified was the quantification of uncertainty using
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// 2014 IUFRO World Congress Program Summary Report IPCC guidelines -for example, remote sensing products are quite useful for generating estimates, but it is hard to quantify their uncertainty using principles from probabilistic sampling theory, as described in the IPCC guidelines. Key findings:
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• Forest owners and managers are becoming increasingly aware of the risks of climate change for forests and forest-dependent communities.

Adaptation options need to be considered in the context of other changes and threats to forests, communities, and industries.

• Strong local leadership and organizational commitment, enabling policies or legislation, and financial resources are important in supporting adaptation to climate change in forest management. However, forest managers, owners, and forest-dependent communities are taking autonomous actions to address current and perceived future risks.

• Adaptation measures need to be tailored to local conditions. Community-based approaches including local knowledge can support local adaptation, and there are a range of options to support adaptation in planted forests.

• Owners and managers need support to "make sense" of climate science, to support better informed decisions, and to consider trade-offs between different values or services in a changing climate.

• Communication and education programs can have a significant impact on understanding, confidence, and willingness to take action to address the risks of climate change among forest owners and managers.

• Adapting to climate change is a social learning process. Networks, partnerships, and dialogue between forest owners and managers, and researchers (from many disciplines) are required to develop a common understanding of climate-related risks and potential management options. The oral presentations and the posters of the session addressed either methods for identifying forest vulnerability to climate change (CC) impacts in the temperate zones or ways to assist forest adaptation to adverse effects of CC.
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Key findings:

• Andreas Bolte presented pathways for concerted actions to (future) adaptation of forests to CC focused mainly on increasing resistance and adaptive capacity (resilience) to CC impacts and including both active and passive adaptive management measures. International networking addresses the sharing of data (meta-analyses), harmonized studies, and monitoring (standard protocols) as well as exchange of staff and expertise.

• Peter Hobson presented a novel methodological approach to assess the microclimatic functioning of forests with varying structures and management intensities. The results pointed out the importance of multi-structural and mixed forests as well as the quantity of coarse woody debris (CWD) for the microclimatic balancing of heat extremes.

• Three presenters reported on the emerging role of Douglas fir (Df) and its provenances in the adaptive forest management in Central Europe. Miriam Isaac-Renton showed results of a European-wide climatic envelope modeling and its validation for different Df provenances from Northern America that are already used in Europe. It turned out that there might be a distinct spatial mismatch of current use and future suitability of Df provenances in Western and Central Europe that has to be considered in adaptive forest management (AFM).

• Regional scale analyses of Douglas fir provenances trials presented by Silvio Schüler confirmed the above mentioned mismatch of current use and future suitability of Df. Based on regional analyses and modeling of the future viability and productivity in Austria. Recommendation for the future use of CC-adapted Df provenances are given to forest practitioners, tree nurseries, and decision makers. The important potential of Douglas fir, and also of other North American tree species like red oak and grand fir for the (future) adaptive forest management in Poland, was stressed by Michał Zasada. In particular to maintain forest productivity and forest adaptability, he advocated both for increased research and an increased use of these introduced tree species in forestry and AFM.

• Palle Madsen's presentation stressed the importance of refugial populations and their high adaptive potential for considerations in AFM.

Based on examples for silver fir with adaptive refugial populations in Calabria (Italy) and for Oriental beech in northern Iran, he recommended increasing studies on the use of their potentials in transplanting trials and assisted migration.

• Andreas Rigling highlighted results of an irrigation and thinning field experiment in drought-impacted Scots pine stands in the Valais (Switzerland) showing significant positive responses of the stands to irrigation and heavy thinning. The derived models of site suitability of Scots pine and alternative species are used for decision support for forest management.

• Somid Saha (on behalf of Julia Sohn) presented results of a literature meta-analysis of thinning experiments in order to increase resistance and resilience of tree stands to drought events. Thinning can increase both the resistance and resilience in stands with coniferous species. For broad-leaved species there are indications for positive effects on resistance, but less on resilience potential.

• The presentation by Ruben Delgado dealt with detection of local adaptation in adult stands in different provenances. Using a "virtual transplanting" approach by comparing the climate at the origin of a provenance with this close to other provenance areas. The results suggested that this could be a promising method for the evaluation of assisted migration needs.

• Several posters on the ecophysiological responses of tree species to CC, monitoring and nature conservation activities, and adaptive management strategies as well as the role of single species for adaptation completed the session.

• In a final discussion round, the need for further increased collaboration on AFM on international scale was identified. This mainly applies the exchange of data and common experiments and analyses on provenances. The interdisciplinary collaboration with forest genetics specialists shall be increased. 
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Moderator: Hubert Hasenauer

The session discussed forest management strategies for mitigating potential climate change effects, including adaptation options, carbon sequestration issues, fossil fuel substitution potentials, and life cycle assessment strategies.

Presentation topics and key findings:

• Hubert Hasenhauer presented MODIS (moderate resolution imaging spectroradiometer) as a tool for estimating productivity potentials on large scales provided that forest management is taken into account.

• Daniel Plugge, on behalf of Michael Köhl, presented a model evaluating forest carbon mitigation potentials through forest management, forest adaptation, and timber utilization, demonstrating that management has a high impact on carbon stock.

• Bart Muys discussed the concept of carbon neutrality and its limitations compared to full accounting methods. He then presented a life cycle analysis approach which can be made time and space explicit, thus likely to be very efficient for increasing the mitigation potential of forests.

• Gert-Jan Nabuurs discussed carbon sink saturation in European forest biomass, and formulated recommendations in order to maintain some carbon sink.

• Anatoly Shvidenko presented research results indicating that Russian forests are at a tipping point due to climate change, with potential emissions coming from warming permafrost and the huge risk of wildfires. He argued that adaptation is urgently needed which will require elaboration of models to support decision-making.

• Ellen Soldal presented a combination of models (forest growth, management optimization, and life-cycle analysis) in order to optimize the mitigation of climate change (including greenhouse gas and albedo effects).

• Jean-Luc Peyron illustrated the synergies and trade-offs between adaptation to climate change and mitigation of climate change and insisted on the need to develop an integrated approach, despite the difficulties in estimating parameters.

All these presentations were very complementary: they discussed carbon sequestration, carbon substitution (from life-cycle analysis), the albedo effect, the consequences of risks due to climate change, and, consequently, the need for adaptation. Consequences of adaptation or mitigation measures for sustainable forest management should also be taken into account. Moderator: Robert Jandl

The session discussed the consequence of a changing structure of forest land owners under the conditions of climate change for development and implementation of appropriate forest management measures and risk management.

Key findings:

• Absentee-forest owners are common in all countries where forests are privately owned. The typical size of the respective forest holdings varies greatly.

• Absentee-forest owners have a limited perception of climate change effects, as other closely related topics such as fluctuations in the timber market, invasive species, and natural disasters receive equal or more attention.

• Absentee-forest owners are open to adaptive forest management for a variety of reasons. However, the controversy among experts and insufficiently concise suggestions are weak incentives to modify forest management strategies.

• Elaborate schemes such as participating in carbon trading markets that call for long-term commitments of the forest owners are not attractive. Key findings:
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• In moist climates or environments, spruce responds favorably to temperature increases.

• Spruce survival and growth can be compromised on drought-prone sites, although once well established, spruce are capable of adapting to drought.

• Since climate change may lead to maladaptation of local provenances, seed transfer guidelines need to enable seed transfer and guidelines to decision-making related to assisted migration of provenances and species are required. Laura Gray illustrated this with an example of work underway by her team in Alberta.

• Thinning may increase stand recovery following drought, but may not increase drought resistance except immediately following thinning.

• The use of alternative species, including Douglas fir, was presented and discussed.

• Continuous cover forestry that creates group mosaic and other structures was identified as having potential as a tool for climate change adaptation on appropriate sites.

• Traditions and lack of demonstrated alternatives were identified as key barriers to forest managers applying this knowledge in responding to climate change.

• Ongoing research and establishment of long-term demonstrations are needed as a basis for supporting adaptive management of spruce ecosystems. Key findings:
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• Tropical wetlands provide a disproportionate number of important ecosystem services including protection from storms (e.g., tsunamis, wave action), nursery, and feeding areas for fish, habitat for many rare and endangered species, and food, fiber, and fuel for human populations.

• Carbon-rich mangroves and peatlands are high priorities in climate change adaptation and mitigation strategies throughout the world. High rates of plant growth coupled with anoxic, water-logged soils in mangrove forests, and peatlands result in these ecosystems having enormous C stocks and being significant C sinks.

• Tropical wetland ecosystems threatened by the highest rates of deforestation and degradation resulting in significant GHG emissions. These ecosystems may assist in mitigating climate change if emissions may be avoided by protecting and restoring long-term storage of C.

• Comparing data from intact and disturbed tropical wetlands allows estimation of emissions that could be avoided in mitigation programs to reduce deforestation and degradation. These data are essential to meet the Measurement, Reporting, and Verification (MRV) standards necessary for participation in C markets and mitigation programs.

• Most tropical countries do not have sufficient information to include wetlands in their national reporting to the United Nations or to develop plans for avoiding greenhouse emissions from wetland protection and restoration.

• The USAID-sponsored SWAMP program has conducted training workshops and field surveys of tropical peatlands and mangroves in many countries. The data that has been collected and reported are making significant contributions to quantifying C stocks in both intact and disturbed systems.

C-29 Desertification, Land Degradation, and Drought

Organizer: Hoduck Kang (Dongguk University, Republic of Korea)

Moderator: Hoduck Kang

This session will focus on desertification, land degradation, and drought in arid or semi-arid areas with presentations of recent research, operational experiences, and lessons learned on rehabilitation of degraded lands and combating desertification.

Seven speakers gave presentations on assessments and rehabilitation strategies to combat desertification based on projects and research studies as well as capacity building programs in several countries in Asia, Europe, and Africa. Asia Khamzina presented rehabilitation through forestry in degraded land in irrigated croplands of Central Asia. Munkhnasan Lamchin and Claudia Listopad introduced research on estimation and mapping of degradation using LANDSAT Imagery in Mongolia and LiDAR-derived structural diversity indices for management ecosystem in desert. Batkhuu Nyan-Osor introduced physiological aspects in an afforestation site in dry steppe of Mongolia, and Oumarou Ouedraogo introduced ecological approaches of land use gradient on wood vegetation in West Africa. V.P. Tewari introduced strategies to improve degraded arid land in India, and Qiaoling Yan introduced some effects of shelter forests and water factors on desertification processes in China.

After completing their presentations, participants from the floor engaged in a valuable discussion on their research and experiences to combat desertification in their countries. The session was very productive and fruitful to develop relevant strategies and to advance technologies to combat desertification on local, regional, and global levels. 

Key findings:

• Temporal time-scale is often not specified but is critical to understanding novelty and "unprecedented" disturbances.

• At the evolutionary time-scale, such as paleoclimatic shifts, nothing is novel.

• Novel spruce ecosystems from altered fire regimes in Fennoscandia are now regarded as "natural" and of high conservation value.

• Drivers such as climate change have indirect effects as well as direct effects on forests; for example, ungulates are affected by altered climate effects on vegetation as they in turn alter vegetation.

• Efforts to restore extirpated species such as Castenea dentata must address both the constraints posed by altered climate on deployment of disease-resistant varieties, as well as the ecological effects of introducing these varieties into altered ecosystems.

• Adaptive management responses explored varied from theoretical suggestions to operational practices.

• Assisted migration of species in response to altered climate is a controversial approach to maintaining species and ecosystems.

• Multi-aged forest structures (distinct from even-aged) are an approach to risk reduction and adaptation most appropriate for large forest areas that are not strictly managed for production (e.g., plantations) or for conservation (parks and protected areas).

• Forest management in western Canada is already responding to climate change by expanding seed zones and, in effect, practicing assisted population migration. There are signs of a move toward shorter rotations to reduce risk by shortening the exposure of forests.

• In the lively discussion, the cautionary point was raised, whether such proactive alterations might not damage existing forest ecosystems and whether it would be better to let "nature" take its course. 

Forest and Water Interactions

Moderators: Shirong Liu & Xiaohua Wei

Forests play an important role in regulating water supply and water quality, and many other ecosystem services. This session highlighted the importance of long-term watershed studies under emerging environmental impacts such as human disturbances and climate change, and shares the latest knowledge about eco-hydrological functioning of forests from different geographical regions.

Key findings and discussion points:

• Although there is a general understanding drawn from numerous small watershed studies that forest change can generate pronounced effects on annual runoff, the interactions between forest and many other hydrological variables still lack consistent conclusions among different types of forests, climate, and management regimes.

• In comparison to a wealth of small watershed studies, large watershed studies are very limited and inconsistent interactions between forest and water in large watershed have been reported even for annual runoff, not to mention floods and low flows.

• Reforestation or afforestation, and forest logging can significantly alter flow regimes in terms of magnitude and timing of high flows and low flows. Climate change associated disturbances (logging, fire, and pest) are also likely to have impacts on watershed hydrology at different scales.

• There is a clear need to explore new approaches to assess forest and water relations, and ecosystem services at large watersheds or landscapes, in order to develop sustainable watershed management strategies.

D-02 Conceptual Frames and Research Strategies for Integrated Studies of Adaptation to Drought

Organizers: Philippe Rozenberg (National Institute for Environmental and Agricultural Science and Research, France), Anne Griebel & Gregor Sanders (University of Melbourne, Australia)

Moderator: Anne Griebel

This two-part session focused on: 1) ecophysiological studies aiming at understanding the adaptive value of xylem and leaf function, including approaches linking xylem traits such as hydraulic capacitance and parameters of hydraulic vulnerability across climatic gradients; 2) genetic studies aimed at estimating the potential for genetic adaptation to climate change in experimental trials as well as in natural populations; 3) investigating how specific functional traits may be fixed or adaptive within a species and related to climatic distribution more broadly; and 4) dendroecological studies aiming at retrospectively investigating tree responses to climate change.

Fifteen oral presentations based on reviews and recent studies of novel and applied research were included in the session related to drought responses and adaptation. These were studied within a number of disciplines: ecophysiology, dendroecology, remote sensing and genetics. Some studies were integrated at the genus level (multi-species studies of eucalypts), genetic level (clone and provenance studies of eucalypts, lodgepole pine and radiata pine) or bioclimatic/environmental level (multisite studies of lodgepole pine and eucalypts). Studies employed drought treatments (piñon pine, juniper, radiata pine, and eucalypts) and inter-annual variation of response to drought by direct and retrospective approaches (oak, eucalypts, Siberian pine and fir). In addition there was one multi-generation study on radiata pine, and age effects were indirectly represented by height gradients of Douglas fir.

Physiological studies of response to drought were presented at different levels, including: hydraulic vulnerability of leaf and branch xylem with reference also to carbon depletion and starvation. Several studies discussed interspecific variation in functional drought adaptation by comparing seasonal and controlled (water-exclusion or water-deficit) conditions. There was evidence of common plasticity in seasonal adaptation to declining water potential between eucalyptus species from different climatic zones. Other studies suggested within-species variation for drought-resistance strategies (lodgepole pine). In addition, fast natural selection (micro evolution) was apparent in drought resistance in radiata pine.

In ecosystems, genus, and species, evidence of variation in drought resistance strategies were related to different levels and components of hydraulic vulnerability from leaves to xylem, with variable relative weights. These levels also varied with environment: between growing season, between sites, and between fertilization treatments.

Reliable proxies or methodological improvement for the measurement of some physiological traits including resistance to cavitation (hydraulic vulnerability or hydraulic capacitance) and stomatal regulation of water potential should be investigated to develop large-scale studies involving many species and replicates and for better comparison of results from independent studies. Key findings and knowledge gaps:
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• Forest to urban change in watersheds draining to headwater wetlands can have significant negative impacts on the functioning of these wetlands. Wetlands downstream of urban watersheds had low organic matter and more invasive species.

• Results from a study in Africa showed that forests can actually increase groundwater recharge. The study showed that there is an optimal forest density, beyond which recharge decreases.

• Beetle infestation can have serious impact on water cycle, with impacts apparent 2-3 years after the outbreak. They also impact the carbon cycle. Study conducted in Wyoming showed that forests can become from carbon sink to carbon neutral after the outbreak. The study also showed that sublimation from snow can play a much bigger role than previously thought and existing models are not handling sublimation well.

• A study conducted in Missouri comparing forested and agricultural floodplains concluded that forested flood plains can have significant water storage capacities and help mitigate large floods.

• A large watershed (>3000 km2) study in China showed that increased forest cover can increase low flows (Q<Q5%) by as much as 30%.

However, another study also in China in an even larger watershed showed mixed effects with no statistical meaningful results. These and other studies show that the forest-water relationship is very complex and varies with climatic characteristics, watershed size and location, etc.

• A study in Georgia, USA, showed that nutrient loads increase when a watershed changes from forested to urban. The study then explored the link between West Nile Virus carrying Culex mosquitoes and various nutrient levels. They showed that mosquitoes can breed in very low nutrient levels too (larvae feeds on bacteria, which need N, P, and other nutrients).

• Results from a study conducted in Turkey showed the linkage between channel erosion and watershed land use/cover. Channels with urban watersheds had deeper channels.

D-04 Hydroecological Studies in the Mediterranean Region

Organizers: Yusuf Serengil (Istanbul University, Turkey), Xiaohua Wei (University of British Columbia, Canada), & Ferhat Gokbulak (Istanbul University, Turkey)

Moderator: Yusuf Serengil

The objective of this session was to evaluate long-and short-term studies in the Mediterranean region on hydrology-ecosystems interaction to better understand the effects of anthropogenic stressors in the region, which is highly vulnerable to the impacts of climate change according to the latest IPCC Assessment Reports. The forests and related ecosystems in the region are expected to face prolonged dry periods, increased risk of wildfires, and related socioeconomic stress factors. The scope of the session was limited with forests and concentrated on hydroecology. A very important output of the session was to underline the need to transfer scientific outputs into management strategies.

Presentation topics and key findings:

• A study comparing wood production with hydrological parameters concluded that a management objective toward water production and adaptation to climate change might be more sustainable than traditional timber production approach.

• A study focused on hydrological modeling to compare complex models with more basic practical models concluded that simpler models can also yield precise results.

• The importance of different forest management approaches toward water production objective was discussed in one presentation, emphasizing the importance of extending the results of the study to a broader scale using remote sensing tools. The morning session presentations focused on quantitative aspects and the afternoon session on qualitative aspects. Two morning presentations covered the impacts of forest management intensification on the sustainability of forest soils and water, and on water flows. Other presentations evaluated restoration options and tools for soil and water protection following fire, as well as co-benefits and trade-offs between forest carbon sequestration and water protection services. The afternoon papers covered the interactions between forest management and water quality and underlined the importance of forests for water quality.

Water quality encompassed a range of variables including nutrients, pathogens, and other contaminants. Presentations examined both specific case studies and also new approaches to management and planning, including involving local communities. Together these presentations covered a very large range of biomes and provided a comprehensive consideration of linkages between forest management and planning and the provision of water in quantity and quality. Results from this session were communicated to the Forests and Waterside event organized by FAO during the congress on Thursday, 9 October.

Key findings and knowledge gaps:

• The session showed that progress is being made on the assessment of water-related environmental services provided by forests (water quality protection, water supply) and how management and planning can optimize their delivery from forestry. Several presentations described digital platforms that utilize an array of data sets that will provide the basis for better water management planning.

• The importance of considering water values in the context of other management issues (e.g., timber production, carbon mitigation, rural livelihoods, biodiversity protection) was drawn out by several speakers. Environmental services may provide the basis for such an integrated approach; however, whether a market-based or regulatory approach is most efficient requires more investigation. In this session we focused on disturbance to aquatic systems and how they impact biological diversity. Natural disturbances, fire and debris flows, and anthropogenic, clear-cut logging were compared and contrasted. We discussed how understanding the extent of these disturbance impacts the relationship between disturbance severity and recovery period for aquatic communities, as well as possible recovery trajectories required to properly evaluate aquatic biological diversity. Within a landscape subject to periodic forest disturbance in the riparian zone, stream channels are expected to exhibit a range of states associated with responses to disturbance that occurred at different times in the past. Therefore, management targets should be based on considerations of the frequency distribution of these states across a landscape rather than a single reference state.
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In the specific case of forest fires, standing dead trees in the riparian zone provide shade and a source of in-stream wood, both of which are critical to maintaining aquatic biodiversity in many landscapes. It is clear that we need a better understanding of interactions between fluvial processes and riparian forest dynamics and how these vary across and among landscapes to support the development of new approaches to riparian management. That knowledge helps forest managers have a better understanding of the consequences of disturbance in the aquatic ecosystems of forested watersheds.

Key Findings:

• Disturbance effects vary across and within landscapes, and the range of biotic responses are determined by new habitat conditions.

• Scale, both temporal and spatial, is important in understanding underlying drivers of every forested ecosystem.

• Across disturbance types, responses vary due to the extent and severity of the disturbance.

• Since disturbance is an integral ecosystem component, emulating those effects in managed landscapes could assist in conservation planning for aquatic biodiversity. In particular, the common practice of reserving buffers along water bodies may need to be reconsidered in some landscapes, particularly in the boreal forest. Presentations from the US, Brazil, and the Caribbean highlighted measurements and modeling techniques to assess erosion from forest roads as well as their impacts on aquatic ecosystems. The first two presentations gave measurements and calculations of sediment inputs to water bodies and related those inputs to conditions in both stream and marine environments. Specific impacts to trout and coral ecosystems were identified. These two presentations were followed by two papers discussing plot and road segment scale analyses of sediment production related to road design, surfacing, and precipitation characteristics. The session was finished with two papers discussing connections between roads and stream environments as related to road location and design factors.
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Posters displayed after the oral presentation complemented the oral presentations with new results from the US, Asia, and the Caribbean showing effects of mitigation techniques, including decommissioning, road to trail conversions, rolling grades, and road standards. Most showed substantial capacity to control sediment through careful road design or complete road removal. The paper on trails noted similar concerns about the linear design of trails as those of roads, including the capacity to intercept and concentrate water to create gullies and landslides.

Key findings:

• Almost all authors documented the importance of road surfacing, ditch condition, and climate on road surface erosion. These results all highlighted the utility of mitigation techniques in reducing road erosion.

• Two authors demonstrated empirical relationships between road erosion and impacts to marine and aquatic ecosystems, highlighting the importance of mitigation techniques for protecting ecosystems.

• Most of the authors presented results on connectivity of the roads to streams. In particular the impact of distance between the stream and drainage points from the road was described as a key control on sediment delivery from the road.

• Road decommissioning is an increasingly common approach to mitigate road impacts after their use in timber harvest. Most analyses showed substantial improvement from decommissioning, although some caveats about design and implementation of projects were noted. Key findings and discussion points:

• Management of riparian forests continues to evolve, depending on regional conservation priorities, riparian forest types, competing uses of floodplain areas, and potential fire risk.

• In the Pacific Northwest, riparian management approaches are largely designed to protect water quality, salmonid habitat, and avian habitat for sensitive vertebrate species, and mandated by the (US) Northwest Forest Plan. The effectiveness of these management approaches is now being examined, particularly in regards to amphibian habitat. Although fixedwidth riparian buffers have proven to be effective in headwater streams, additional questions have been raised about potential impacts of climate change.

• In larger rivers, fluvial disturbance is critical in maintaining a diverse mosaic of riparian community types and a wide range of native species. This key interaction between physical processes and riparian biodiversity has been appreciated for some time; however, maintaining beneficial fluvial disturbance while delivering expected ecosystem services can sometimes conflict, and has become more challenging.

• The role of fire and fuels management in riparian management is increasingly recognized as more data and information has become available. Recent insect outbreaks (mountain pine beetle, spruce beetle) in the Western US have also impacted riparian forests, contributing to streamside fuel loads and generating new discussions about active riparian management.

• Stream and riparian restoration efforts continue to advance. The integration of natural processes, use of native riparian species, and control of herbivory have become more standard.

• Important knowledge gaps:

• Recent advances in the fire ecology of riparian forests has highlighted the data gaps regarding fuel loads, fuel moisture levels, and fire history of many riparian forest types.

• Fixed-width riparian buffers have proven to be effective in headwater streams, but additional research is needed to improve predictions of the impacts of climate change.

• The impacts of climate change on natural disturbance regimes, stream flows, and riparian forest dynamics remain important knowledge gaps and research priorities.

D-09 Ecology and Management of Coastal Forests and Mangroves

Organizer: Ariel E. Lugo (US Forest Service)

Moderator: Ariel E. Lugo
This session discussed current research on mangroves and other coastal forest ecosystems, including their importance as habitat for marine and estuarine biodiversity and provision of other ecosystem services.

All five papers were interesting and provided novel information about mangroves.

• Tanushree Biswas demonstrated the importance of temporal analysis of satellite images to assess changes in mangrove status through an innovative Z-Score index.

• Seca Gandaseca and Nelson Manguiat Pampolina presented changes in vegetation structure and composition through mangrove forests in Malaysaia and the Philippines, respectively.

• Md Mizanur Rahman predicted losses of the Nypa palm populations in the Sundarbans as a result of sea level rise, loss of freshwater inputs, and consequent increases in salinity throughout the region. Freshwater wetlands in the region are disappearing.

• Emmanuel Suka made a passionate presentation about the social and ecological problems in the coastal region of Cameroon. He called for the establishment of a number of new agencies to help deal with the plight of people and forests in this part of the world.

All papers elicited questions and discussion from the audience.

Forest Biomass and Bioenergy The discussions revealed that the necessary steps to develop sustainable biomass resources are very diverse and region-specific. There is a general consensus that we need incentives; however, while in some cases they need to be top-down (governmental regulations and incentives), it was shown that bottom-up models work very well in suburban forests of Japan, for instance. However, current developments toward more intensive cultivation approaches were seen critically, as soils are considered as a non-renewable resource. Therefore, sustaining soils is a crucial issue for forest and woodland management, which again points out the need for regional approaches. It was further stressed that wood is a valuable product with a wide range of different applications, from traditional use as construction material to more recent and sophisticated utilizations as feedstock for industrial processes and development of composite materials. Consequently, the utilization of biomass as a source for energy should be at the end of a cascade use. In this context, it was mentioned that the efficiency plays a crucial role. The recent trend in a number of industrialized countries toward small-scale, household-based wood stoves must be critically evaluated, both in terms of efficiency and especially air pollution.

The last presentation in our session represented an excellent metaphor of what can be the future worldwide: In Myanmar, rural people rely on a thorny invasive species. It badly injures local people and livestock, yet they accept all the pain and injuries to utilize it as it is a source of energy -because there is simple no alternative left. We have to prevent the world's population suffering from pain for the sake of raw materials and energy, and therefore develop sustainable resources and shift toward a green economy as long as we still have the chance. Research has a key role in this agenda. 

Moderators: Peter Clinton & Liisa Ukonmaanaho

The goal of this session was to address a range of biogeochemical and environmental consequences of timber harvesting or bioenergy production; topics will include intensive forest soil uses such as cultivation, fertilization, herbicide, nutrient removals in biomass, acidification, leaching of DOC, replacement of soil nutrients via deposition and weathering, and alterations associated with the application of biochar.

Twelve presentations provided an overview of current research focused on the environmental impacts of intensive management of forest soils. Four of the presentations were by PhD students reporting on their research studies.

• Leena Finer described differences in nutrient removals due to stemonly or whole-tree harvesting of different species and highlighted that nutrient removals were species dependent and inclusion of roots while leaving branches and needles behind could reduce overall nutrient removals.

• Nicolas Clarke described new trials designed to examine short-and long-term impacts of harvesting biomass residues for bioenergy comparing whole-tree and stem-only harvesting treatments. These types of studies are essential across a range of forest ecosystems so as to show the range in potential responses.

• Matt Vadeboncoeur presented various scenarios around the ability of soils beneath hardwood stands to provide nutrients, particularly Ca, over varying time periods. The results from these scenarios suggested that weathering rates were not well understood but clearly will determine long-term nutrient supplies for these soils and forest types.

• Stanley Sochacki presented details of a novel study using trees to alter the hydrology of sal-prone soils in western Australia. Although the proposed system achieved its stated objective, the lack of demand for biomass for bioenergy in the area highlighted that wide uptake of the proposed method might not be achieved.

• Juan Carlos Gimenez illustrated how hydrological constraints could be included in harvest scheduling models. This is an exciting area of research that can be further strengthened by incorporating multicriteria decision-making processes into the analysis so that community aspirations around the various environmental constraints can be included in decision-making.

• Martina Cambi highlighted the need to recognize soil type in planning harvesting operations and to consider potential for compaction and the ability of soils to recover from this form of physical disturbance. The data presented show that recovery had occurred in this case. Such a result is interesting to note.

• Tom Fox described large improvements in productivity that have been achieved over large areas in the southeastern United States. The presentation highlighted the role of effective engagement with the forest industry and how this can have a wide-ranging impact over a long period of time to result in very significant improvements in forest management.

• Peter Clinton pointed out that there is the need to identify the extent of the productivity gap for forests. Manipulation of forest soil offers many possible options for increasing the productivity and value of midrotation stands. One way to do this is to increase the sophistication of fertilizer use in forestry and to bring it into line with state-of-the-art fertilizer technology.

• Arnis Jurevics and Lilli Kaarakka both described impacts of stump harvesting in boreal forests and the resulting changes in soil carbon pools. This is an important issue because stump harvesting could have a negative impact on the soil C pool by removing slowly decomposing biomass and also disrupting N cycling.

• Robert Fleming presented results of a global meta-analysis. He pointed out that a range of field trials have been carried out in various parts of the world to assess the environmental impacts of intensive biomass removals. He used meta-analyses to test the hypotheses that tree growth response to intensity of biomass removals is dependent on factors such as tree species, ecosystem type, climate, site index, soil properties, and surficial and bedrock geology. Results indicated that site-specific information should be used to determine the extent of change during biomass removal.

• Martha Henao presented on the productivity of plantations of Gmelina arborea in Colombian tropical dry forest that are lower than in other South American countries. Results showed that sodium may be negatively affecting plant development because of a negative relationship with exchangeable sodium and tree volume.

E-03 Evaluation of Environmental Impacts of Production and Use of Wood Products and Wood Energy

Organizers: Richard Bergman (US Forest Service) & Adam Taylor (University of Tennessee, USA)

Moderator: Richard Bergman

All products including wood building and wood energy products have environmental impacts. Because of the large carbon flows associated with forestry and wood products, net greenhouse gas (GHGs) emissions and the resulting effects on climate change are important to understand from the forest and forest product perspective. Two important notes in this context are that global climate change is primarily being driven by the burning of fossil fuels while the building sector consumes about 40% of all fossil fuels. Using products with lower net GHG emissions would reduce global warming impact. Life-cycle analysis (LCA) has become a useful method to evaluate building and energy products and associated GHG emissions tied to climate change. Using LCA approaches provides insight into critical environmental impacts including GWP from cradleto-grave for wood products and wood energy and demonstrates greener products. In addition, dynamic LCA approaches have shown that timing of GHG emissions has a substantial impact on the radiative-forcing impacts leading to climate change.

Key findings:

• Emerging bio energy products from thermochemical conversion may not have a better environmental performance than established energy products such as wood electricity unless associated co-products such as biochar are sequestered in soils are considered in LCA. Therefore, higher-value products such as chemicals ought to be considered for production.

• When discussing alternative forest management practices in the context of LCA, ensure that a functional unit (same services provided) for the alternative systems evaluated for comparison is included.

• LCA is good at providing environmental impacts for a region but ought to include localized effects as much as possible in relation to population centers.

• Environmental performance of wood cascading can be counter-intuitive. Product systems based on cascaded post-consumer wood showed only marginal environmental benefits in LCA compared to products based on fresh wood. Because biomass production is not credited in LCAs, the conservation of biomass over many product cycles in cascading does not document as high of benefits as in other material systems.

Additional metrics need to be implemented in the evaluation to better address the environmental effects of wood cascading.

• Soil carbon flows ought to be considered in LCA as data becomes available. Use LCA to estimate life cycle carbon flows in relation to the belowground as well as the aboveground carbon pools.

• Include dynamic LCA approaches in dealing with carbon in wood products over its whole life cycle.

• Forest management can be developed to produce more energy biomass without reducing the timber produced while increasing the substitution possibilities of forest biomass. However, to define more precisely the role of forests in climate change mitigation there is a need for assessing the net CO2 exchange of the ecosystem-technosystem-atmosphere continuum. Forest-based production systems should be compared with corresponding fossil-based systems by means of LCA. The second session considered case studies from Africa, Europe, and the Americas, which discussed the economic, social, and environmental aspects of forest biomass used for household heating, cooking, charcoal production, and other domestic end-use applications.
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The presentations ranged from global and international economics and public policy research, to regional and facility-scale supply chain assessments and engineering, to community-based social science survey research. Countries represented included Denmark, US, Finland, Japan, Guatemala, UK, Costa Rica, Cameroon, Nigeria, Iran, and Canada. The session moderator presented a summary of these technical sessions in the sub-plenary session SP-14 Energy from trees: technology, opportunities, and challenges.

Key findings:

• Biomass sourcing potential is closely related to supply chain cost and price, which is strongly influenced by policies and incentives, especially subsidies and feed in tariffs.

• Even modest subsidies in a few EU countries would substantially increase use of wood for energy, but the economic efficiency of such subsidies should be considered by policy makers, especially when it comes to possible impacts on the wood products sector.

• Spatial analysis of supply potentials is preferable to uniform co-firing targets for all facilities when it comes to biomass co-firing with coal.

• Sustainability is not an intrinsic quality of biomass energy, but related to management variables.

• For many forest biomass bioenergy scenarios, greenhouse gas reductions are larger than emissions, resulting in net negative flux and potential climate benefits. However, flux is closely tied to fossil fuel displacement, and also to the source of feedstock and associated management practices.

• Co-location of bioenergy facilities with plantation-grown biomass feedstock is favorable, but in general the economics of facility construction and operation more strongly influence financial viability than feedstock supply variables in these systems.

• Studies in UK and Africa show that fuelwood consumption can be an overlooked and significant component of local and regional economies, especially in rural areas.

• Even communities with relatively low percent forest cover can be highly dependent on local forest resources for heating and cooking.

• Residues from agricultural and agroforestry systems may be underutilized for heating and cooking as a result of both economic factors and public policies restricting access.

• A variety of state-of-the art tools exists to inform supply chain management, especially when it comes to logistics. 
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Moderators: Florian Kraxner & Sabine Fuss

This session discussed the latest research on combining bioenergy with carbon capture and storage (BECCS), its important potential co-benefits, and its risks (e.g., the conservation of biodiversity), and to identify possible (funding) synergies and challenges from the REDD+/BECCS nexus.

The new IPCC report (AR5) says we can still limit global mean temperature rise to <2 °C, but in order to do so, all options must be put on the table. The majority of the stabilization scenarios, which are consistent with limiting global warming to below 2° C, exhibit strong reliance on negative emissions (presentation by Sabine Fuss), in particular through combining bioenergy with carbon capture and storage (BECCS) (presentation by Estushi Kato). However, the champion solution of BECCS is still surrounded by lots of uncertainties, most notably concerning the potential of sustainable biomass to deliver carbon-neutral bioenergy (presentation by Dmitry Shchepashchenko). Country case studies were supposed to shed more light on economic potentials in a geographically explicit way (presentation by Manahan Saragih and Florian Kraxner). At the same time we will need natural sinks for mitigation. In particular, forest-sector-only models in AR5 find that 0.3-13.9 Pg CO2/yr could be sequestered by forests, and this mainly through reducing deforestation (REDD+). However, while REDD+ projects have started to deliver, private sector interest in buying REDD+ credits has never been lower than today. In the face of uncertainty, we might not be able to afford to squander the forest option and so interim funding proposals have been developed (presentation by Ruben Lubowski and Alexander Golub). Bringing REDD+ and BECCS together, there appear to be conflicts, but the session was intended to also identify complementarities, where an integrated strategy could lead to an enhancement of both in their pursuit of mitigation. Finally, it is not only important to study REDD+BECCS in an integrated way, but also to look at those two from a systems perspective, i.e. respecting scarcities of water, fertilizer, and land and competition with other (also non-climate) objectives such as food security and biodiversity conservation (presentation by Florian Kraxner).

Key findings, discussion points, and important knowledge gaps:

• Without the right data (and there are huge discrepancies between existing biomass maps/products), any REDD+ and/or bioenergy strategy will be difficult to plan and realize. Data sharing and efforts like the biomass GEO-wiki are needed to overcome this.

• It is important to understand uncertainties and make them transparent, but we also have to be careful how to communicate them to decision makers, so as not to discourage action.

• Team up with REDD+ efforts to certify sustainability of biomass feedstock for BECCS (because if bioenergy is not carbon-neutral, we cannot achieve negative emissions by definition and concept).

• Integrated REDD+BECCS strategy to help raise private sector finance by introducing broader scope for economic benefit.

• BECCS could benefit from aligning with REDD+ in terms of public acceptance (both bioenergy and CCS are unpopular in different countries).

• REDD+ to buy time for more BECCS research and scaling it up. Options sales (maybe combined with price guarantees by the World Bank, philanthropic funds, or governments) could help raise the finance to save the forest option until 2020 (when an agreement might come into force) or even later. In absence of a climate agreement currently, we need to think about how to provide incentives to preserve the option to use forests for reasonably priced mitigation later on.

• Both REDD+ and BECCS are needed to achieve climate stabilization.

There are important trade-offs and tensions in terms of resource scarcity (e.g., increased water use for intensified agriculture) and also with other (non-climate) objectives such as food security, which require careful study. This session focused on the most recent advances in non-destructive and precision-based technologies and strategies for assessing wood quality of forest resources and selecting clones for genetic improvement of future plantations. Seven speakers from Australia, Brazil, Republic of Korea, United States, Japan, and Germany delivered excellent presentations on this cross-discipline theme.

E-06 Emerging

Discussion topics and key findings:

• Traditional phenotypic measurements for properties such as density, stiffness, pulp yield, calorific value, etc., are often destructive, expensive, and time-consuming, which limits their utility. Rapid, non-destructive technologies are being used on standing trees to classify hybridization, or provide multiple phenotypic properties, in breeding trials in Australia and SE Asia in order to select next-generation germplasm.

• New studies have shown that acoustic wave technology can be used in field to assess the effects of thinning and bio-solids fertilization on wood quality and differentiate eucalyptus clones in terms of tree's resistance to wind. More studies are needed to better understand how stand variables (age, stand condition, silvicultural treatment) affect acoustic wave propagation in trees so that accurate prediction models can be developed for practical use.

• Poplar clones in short rotation coppice (SRC) under the treatment of slurry composting and bio-filtration liquid fertilizer (SCBLF) showed significant improvement in survival rate, average number of shoot, average of leaf area, and annual average of aboveground biomass production.

• Laser technologies providing high-quality three-dimensional structural data of trees are emerging as automatic and non-destructive tools for forestry monitoring, operation, and inventory work. Two different terrestrial Lidar sensors (RIEGL VZ400 and SICK LMS511) have been demonstrated to accurately and efficiently estimate forest biomass in tropical forest.

• X-ray computed tomography (CT) is increasingly introduced in industrial practice to optimize the value yield in sawmilling and wood material industry. Now algorithms for automated species detection and detailed assessment of value-determining features have been developed for many softwood species. Many of them work in real-time during industrial roundwood processing at speeds up to 120 m per min.

• The extractives loading modeled by near infrared reflectance (NIR) spectroscopy was found to correspond with lower lesion severity. This relationship may play a role in genetic separation for improved forest health. More work is underway to further test the hypothesis that lesion severity can be reduced through increased extractives loading across different sites and genetic sources.

E-07 Genomics and Biotechnology for Improvement of Woody Energy Crops

Organizer: Carl Douglas (University of British Columbia, Canada)

Moderator: Carl Douglas

This session presented current research on optimizing woody biomass plantations for bioenergy, natural variation in bioenergy and biomass traits, genetic and genomic approaches to tree domestication for bioenergy uses, and biotechnology for bioenergy biomass optimization. Five oral presentations were given by colleagues from Canada, the United States, Sweden, and Finland.

E-08 Biobased Products and Bioenergy

Organizers: Jianchun Jiang, Fuxiang Chu (Chinese Academy of Forestry), Dominique Lachenal (Grenoble INP-Pagora, France), & Jingxin Wang (West Virginia University, USA)

Moderators: Dominique Lachenal & Jianchun Jiang
This session featured current scientific developments on techniques for converting biomass into useful products and energy. They refer to gasification, pyrolysis, torrefaction, and extraction of the main wood components: cellulose, lignin, hemicellulose, extractives and their use to produce higher value chemicals, polymers, and materials. Fourteen oral presentations were included in this two-part session.

Key findings and important knowledge gaps:

• The current methods and logistics used to harvest and transport renewable energy feedstocks are in general unable to deliver these feedstocks at a price at which they can compete with traditional fossil fuels for energy production.

• High yields of oil (>70%) can be obtained by fast pyrolysis of biomass but unsuitable properties (mostly linked to the presence of oxygen atoms) make its direct use improbable. Catalytic upgrading such as hydrogenation using nanocatalyst may offer a solution to provide green transportation fuels.

• Gasification of biomass to produce commercial liquid transportation fuel is today handicapped by the high investment cost and poor final yield (10-15% based on carbon).

• Production of cellulose for textiles and polymers (acetate) applications requires heavy investment and efficient purification steps. The use of ionic liquids looks like a very promising approach to simplify the whole process and is applicable directly on a regular paper pulp.

• Hemicelluloses from lignocellulosic biomass might be an attractive feedstock for the development of sugar chemistry, in order to produce bioproducts and bio-based materials. As an example, production of bio-based surface-active agents from non-food sugar sources looks particularly desirable.

• Autohydrolysis of wood chips is today a satisfactory way to obtain sugar syrup, which is appropriate for bioethanol and surface active agents (APG type) production.

• Lignin has unfortunately a very complicated chemical structure and inappropriate molecular properties for the production of high-value bioproducts and biopolymers. A potential use is in the adhesive sector (phenol formaldehyde resins). But even for this application, kraft lignin has to be modified to increase its reactivity. Phenolation is one attractive modification.

• Fatty acids are already extracted from wood and commercially available. This operation is generally linked to the production of cellulose in pulp mills. Analytical techniques for their complete characterization are in progress.

• The session revealed interest in greater communication between biorefinery researchers and those in the pulp and cellulose community.

Because of its size and its expertise, the cellulose industry will inevitably be a key actor in the development of new biorefinery operations.

Forests and Forest Products for a Greener Future Key findings:

• In Spain's forest sector, productivity is more labor than investment driven, public ownership is less efficient than private ownership, and environmental and recreational uses are drivers for increased efficiency.

• In Finland, environmentally conscious forest owners emphasize more the multiple benefits of forests. Women, older people, and more educated people are more likely to be environmentally conscious owners. There is a need for more diverse and in-depth cooperation among stakeholders.

• In Finland research and development projects, customer projects teach and motivate researchers and the wood products value chain is not well understood. More collaboration is needed.

• In the US, approximately two-thirds of architects are unfamiliar with cross-laminated timber as a building system. Those architects who are familiar with the technology are favorable to its use.

• From research in Sweden, forest companies must transition to be better at innovation/product development. Forest companies are not accustomed to working with entrepreneurial companies. There is a need to establish an identity for composite wood products that is as favorable as the identity that solid wood products possess.

• In the US, homebuilders that have constructed green-certified homes are more aware of certified wood. On average, builders perceive certification with a price premium. Younger builders are more likely to use FSC-certified wood. Moderator: Birger Solberg
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The session explored the strength and weaknesses of using forest sector models in policy analyses, recent methodological improvements and pending needs in forest sector modeling, and the scope for improvement in the interface between policy analysis research and forest sector modeling.

Key questions and findings:

• From the perspective of policy analysis: What are weak and strong points in using forest sector models in policy analyses? The strong points are that this will secure consistency between markets and policies and integration of economics in the policy analyses. The weakest point is that model assumptions could be too far from reality and that the models are complicated to understand for policy researchers not familiar with economics.

• From the perspective of forest sector modeling: what major methodological improvements have occurred lately in forest sector modeling, and where are further improvements most needed? Here the following points came forward: (a) more differentiated timber supply assumptions have been incorporated in some models, but more of this is needed: (b) the need for better demand studies is great; and (c) attempts are being made to incorporate risks but this is proving difficult.

• How to improve the interface between policy analyses and forest sector modeling? The most important thing is for these two groups of researchers to work together in the same research project, with close contact from the beginning. There is a much room for improvement in this. The interaction between society and forests is highly influenced by business and marketing practices throughout the value chains that process and transport forest-based products from forest to consumer. Environmental marketing, ecolabeling, supply chain optimization, and design for environment are examples of current practices that can contribute to a greener future. The session also covered issues of digital versus print media, consumer perceptions of furniture, furniture ecodesign, community forestry business models, forest certification, ecosystem services, biomass, and corporate responsibility.
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Key findings:

• All LCAs found in the literature found digital media to be preferable to paper. LCAs are not robust enough to deal with differences in systems. Future use of E-readers are expected to increase significantly -digital media is increasing across the board. Environmental values have little influence over media consumption. Consumers may be disconnected from media footprints. LCA is ill-equipped to compare paper to digital media.

• IKEA is a sort of metaphor for furniture among Finnish and German young adults -it is the top of mind for them when thinking of furnitureeven though they were critical of quality. Consumers give special value to used pieces of furniture -personal bond. German consumers were skeptical of ecolabels. Maturing consumers move toward being more ecological and eliminating the "cheaper" furniture. Consumers are looking for furniture with a story.

• Nordic designers' integration of ecological criteria in their work concerned material and process optimization perspectives and end use and recycling of furniture. Designers focused more on earlier stages of life cycle than later.

• Community forest enterprises face important challenges: no guarantee of tenure, lack of legal assistance and financial risk management skills, ability to maintain market relationship, pests, diseases, and climate change. Some important success factors are: product value proposition, some government support and promotion, experienced business leadership, and facilitation. Future success can be facilitated by: leadership and business skills, strategy based on value chain understanding, proper policies, and business development services. If the forest pays, the forest stays.

• Better data is needed to predict the on-the-ground progress with forest certification. With that data, models can be created to determine, for example, if future certification can help avoid deforestation and what can be learned from the experience in the North? There is a need for integrated assessment/modeling approaches.

• Private sector engagement is emerging for environmental services. Absence of regulatory framework, newness, and lack of experience lead to higher transaction costs. Current policies, tools, or practices focus on risks, but not on business opportunities.

• Biomass product features in Europe are defined by EU standards. Personal selling is the most used promotion tool. For customers, delivery consistency, quality, and price are the most important issues.

• Decline in financial performance leads to higher decline in community initiatives than environmental initiatives. Organization decline does not have a uniform effect on CSR initiatives. Initiatives integrated with a firm's strategy and core functions are more resilient to exogenous shocks. 

F-04 Greening

Moderators: Robert Mavsar & Marla Emery

This session explored trade-offs inherent in the sustainable provision of NWFPs and the possible consequences of globalization of demand for new products and services on the environment and on forest-dependent communities.

Key findings:

• North American indigenous people are not universally opposed to commercialization of NWFP, but subsistence and cultural survival are first priority.

• The European Non-Wood Forest Product Network offers an enlarged opportunity to share and increase knowledge to promote sustainable forest management on NWFP.

• Dry forests of Ethiopia are important sources of gum and resins for trade and local and international markets, but only a small portion of the potential production is used. There is a need to develop pro-poor value chains.

• International trade of NWFP appears to be growing, but is still dominated by a relatively small number of countries.

• Despite the great market potential for products based on Quassia amara, there are obstacles to be overcome that require better of the species ecology, policy and institutional barriers, and access to credit and the international markets.

F-05 Gender and Forestry Value Chains

Organizers: Herry Purnomo, Bimbika Sijapati Basnett (CIFOR, Indonesia), Sola Phosiso (CIFOR, Kenya), & Pablo Pacheco (CIFOR, Indonesia)

Moderators: Herry Purnomo & Bimbika Sijapati Basnett

Drawing on research carried out on a wide range of forest value chains from charcoal and teak to bushmeat and wild vegetables, this session shed light on the role of women in forest value chains in the face of forest loss and a range of uncertainties generated by ever-increasing demands for food, timber, and ecosystem services in a globalized world.

Presentation topics and key findings:

• Fiona Paumgarten presented "Opportunities for enhancing poor women's socioeconomic empowerment in the value chains of three African non-timber forest products," discussing gum arabic from Burkina Faso, gum olibanum from Ethiopia, and honey from Zambiathree non-timber forest products (NTFPs) from Africa's dry forests with international value chains. The results show that women are involved in various stages of the chains; however, their roles are often poorly recognized due to their involvement in the informal sector, their role as part-time employees, and their tendency to carry out NTFP-based activities at home in conjunction with household responsibilities. Herry Purnomo's presentation "Gender, value-added chains, and certification in the furniture industry" concluded that although women play an important role in the value chains their power was weak, and they perceived green certification as a must. Specific training activities were recommended to improve women participation.

• Sola Phosiso shared findings on "Women and charcoal value chains in Eastern and Southern Africa." Wood fuel is the main energy source for most people in sub-Saharan Africa, a substantial part of which is supplied as charcoal. The preliminary assessments have shown that the players in the middle of the value chain benefit more than those at the two ends. These stages are mostly dominated by men.

• Edward D. Wiafe shared findings on "Afadjato Mountain Ecosystem in Ghana," where most women contributed to the development of the resources to ensure their sustainable utilization through harvesting of many resources ranging from food and materials to amenities. Though men generally did not prevent the women from harvesting the resources from the mountain, some of the men competed with the women by harvesting resources that were meant traditionally for women or assisted other women. The women mentioned some constraints in the course of utilizing the resources such as difficulty in climbing, lack of environmental management personnel, and lack of public education.

Discussion summary:

• Several participants asked questions regarding the gum and honey businesses in Africa, particularly how the role of women can be improved. Other participants clarified the effect of certification on women's roles in the Jepara furniture industry in Indonesia as well as how the relative power of women in different value chain connectivity. Wood fuel in Eastern and Southern Africa interested participants in many ways including its sustainability as well as women roles. The struggling of women in Afadjato Mountain, Ghana, generated much discussion.

• From the discussion we can learn lessons about the important role of women in every stage of product creation, selling, and use. However, value added from the products is not fairly obtained and enjoyed by women for many various reasons. Women are also not able to participate in meetings and fora due to their family duties; e.g., taking care of education and food for their children. Carol Colfer, who moderated the discussion, mentioned the need to deepen and move forward from existing findings to get more insights from gender studies to improve the role of women in forestry value chains.

F-06 Impact of Forest Certification on Sustainable Forest Management

Organizers: Wenming Lu (Chinese Academy of Forestry), Robert L. Deal (US Forest Service), & John Innes (University of British Columbia, Canada)

Moderators: Wenming Lu & Robert Deal

This session assessed different aspects of forest certification, including impacts on forest management and timber markets, effects for forest workers and communities affected by certified forest management, quality of certification audits, and governance and authority of certification schemes. The session included eight oral presentations plus four posters that were part of a separate facilitated poster symposium.

The presentations included diverse perspectives on the role of forest certification from around the world and their potential for sustainable forest management. These included:

• Logging concessions and local governance in the Congo Basin and the connection between social legitimacy and the effectiveness of forest certification.

• Challenges of forest certification in China and the evolving changes in forest certification programs in China.

• Analysis of domestic forest certification programs in Korea's forestry and forest products industries.

• Chain of custody and FSC forest certification in Spain and Brazil.

• Implementation of sustainable forest management under different governance and socioeconomic conditions.

• Conservation impacts of forest management certification in different regions of the world.

• Evaluation of tropical forest management certification.

• Assessment of new methods for sustainable management practices in remote areas of the world.

• Sustainable development in an international framework and an overview of the impacts on forestry and forest products.

• The role of forest certification and sustainable forest management in British Columbia, Canada.

• Community forest management and deforestation rates in Brazilian biomes.

• Assessment of attitudes of forest industry companies toward forest certification in northwestern Russia.

The session provided a broad overview of the role of forest certification in many different regions of the world and how forest certification can assist in efforts to achieve sustainable forest management. Presenters provided case study examples and some of the opportunities and challenges of forest certification and some ideas for improving existing programs and their potential impact on sustainable forest management for different countries around the world.

F-07 Forest Governance and Legality of Timber:

Challenges of Legality in Practice

Organizers: Margaret Shannon (University of Freiburg, Germany), Wenming Lu (Chinese Academy of Forestry), Mersudin Avdibegovic (University of Sarajevo, Bosnia-Herzegovina), & Qiang Li (International Tropical Timber Organization, Japan)

Moderators: Margaret Shannon & Wenming Lu

Effective governance for ensuring Forests and Forest Products for a Greener Future includes the capacity to reduce or eliminate illegal logging globally. Several countries have legislatively banned the importation of illegally harvested wood products, but effective implementation of these bans as well as identification of illegally harvested wood remains a significant global challenge. Nonetheless, these legal changes are creating a transnational legal regime for forest trade, affecting the business practices of exporters and importers, and raising issues of fairness between importing and exporting countries. This session critically examined the expectation that forest governance can be improved by strengthening institutional and legal requirements for timber legality within a transnational legal context and with emerging national systems for legality assurance.

Key findings:

• A challenge for importers and exporters is the transnational legal context for international timber legality and implementation of these new legal requirements within countries.

• The EU Timber Regulation and its requirements for due diligence and risk assessment by the first importer of wood products into the EU for potential illegality remains a challenge for understanding in other countries. The linkage between the EU FLEGT and its VPA process and the EU TR is unclear to some.

• Corruption in the forest sector poses a significant difficulty for some countries in ensuring the legality of timber and wood products exports. Changes in management practices at the forest enterprise level are necessary to address corruption.

• A feminist (critical) theory approach shows that what seems most neutral and objective is often oppressive. Thus, taking a critical look at the implications of labeling some kinds of timber harvest as "legal" and others as 'illegal' is a complex normative political process that privileges some and punishes others.

• Posters presented during this session addressed the issue of the relationship of timber legality to expand demand in China for the reimportation of US wood products and how timber legality requirements are affecting the business practices of importers in the US. 
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Moderators: Marco Marchetti & James Chamberlain

This session explored the status and challenges of including non-wood forest products in national forest resource assessments. The technical session provided a forum for colleagues from around the world to assess the challenges of reporting on non-wood forest products.

Key findings:

• The Kenya Forest Research Institute has estimated yields of gum from two important trees, and using mapping techniques has projected potential production from two counties that could improve management.

• In Nigeria households prefer locally available NTFPs to those being imported from distant rural areas.

• The abundance and structure of a local tree in Hiern, Benin, was negatively impacted by harvesting and habitat changes.

• The challenges of tracking medicinal forest products can be overcome by building trust of local buyers in Appalachia, USA.

• In Austria, efforts are well developed to estimate the value of NTFPs to the nation's economy.

F-09 Sustaining Bamboo and Rattan Resources

Organizers: Jinhe Fu (International Network for Bamboo and Rattan, China), Yan Yu (International Center for Bamboo and Rattan, State Forestry Administration of China), & Jinzhong Xie (Chinese Academy of Forestry)

Moderators: Jinhe Fu & Emmanuel Appiah-Kubi (Forestry Research Institute of Ghana)
This session focused on basic and applied research surrounding the conservation and sustainable utilization of bamboo and rattan resources.

Oral and poster presentations during this session considered the following topics, among others: bamboo as a new alternative to wood in the Philippines; guidelines for sustainable management and use of Guadua angustifolia in Costa Rica; bamboo as a sustainable biomass energy; competitive analysis of bamboo products in global markets; field performance of bamboo propagules produced through micropropagation; preparation and properties of microfibrillated cellulose (MFC) from bamboo processing residues; harnessing diversity of rattans and its benefits for the green economy and the environment; studies on chemical constituents and biological activities of bamboo leaf extracts; and effectiveness of forest tenure reform on the resource cultivation, and institutional innovation on livelihood development in bamboo areas in China and India.

Key findings:

• Bamboo and rattan are two most important NTFPs.

• Bamboo biomass energy is very important in Africa.

• Bamboo innovative utilization and land tenure reform are essential to sustain bamboo sector development.

• Rattan certification is an urgent need for sustaining natural rattan resource.

• International and domestic trade data of bamboo and rattan need further improvement.

• There is a need for networking of experts on standardization and other key topics related to the sustainable production and utilization of bamboo and rattan resources.

F-10 Precision Land-Use Management -State and Perspectives

Organizers: Hans R. Heinimann (ETH Zurich, Switzerland) & Woodam Chung (Oregon State University, USA)

Moderator: Woodam Chung

This technical session explored principles, technologies, and applications of precision land-use management. The precision land-use management is an emerging, engineering-driven concept based on the vision that future land-use management systems will be able to purposefully control and coordinate biological, technical, and administrative processes in real-time.

Key findings:

• Precision remote sensing data can provide an accurate forest inventory even for stands with high structural complexity and variability.

• Precision inventory data coupled with modern optimization techniques make it possible to develop harvesting plans at an individual-tree level.

• Various applications of high precision information include automatic delineation of harvest units, site suitability analysis for hardwood species plantation, development of precise forest operations models, and individual tree level decision-making.

• Precision data acquisition, analysis, and applications enable highresolution planning, but effective ways of implementing such plans still need to be researched. Forest Operations Engineering and Management scientifically contributes to umbrella disciplines, such as operations research, systems analysis, and road engineering, and has to consider region-specific terrain, stand, and socioeconomic conditions. This leads to a balancing act of bringing discipline-and region-specific knowledge and experience together to learn from each other and to jointly address the big issues ahead. The session sought to bring the perspectives from umbrella disciplines together with region-specific aspects of research and development, and at setting up an agenda of issues that should be addressed internationally in the next IUFRO period. Presenters reported on main achievements, issues, and trends from regional (North America, Europe, Japan) and domain (systems analysis, pperations research) perspectives.

F-11 Forest Operations Engineering and Management -The Way Ahead

Key Findings

• Problem streams have been shifting from components of production systems (workers, machines, etc.) to analysis of whole production systems to supply network systems, which are complex networks of production systems, linking resources to customers.

• Research activities considerably spread across the above spectrum.

Researchers that are linked to INFORMS and SSAFR are those who are pushing the frontiers of forest operations as a scientific discipline, addressing supply chain management (SCM) and enterprise resource planning (ERP) issues to improve the value-added, network efficiency, and network flexibility. A considerable amount of research, particularly in the area of bioenergy, is not problem-but mainly money-driven.

• Ergonomics, called "human factors" in North America, has been an important area of research as long as manual work was key in forestry production systems. Nowadays, we are facing a dichotomy: (1) regions with still labor-borne production systems, and (2) regions with highly mechanized systems. For the first, workload assessment and work safety will remain key issues, while for the second, cognitive ergonomics and macro-ergonomics are fields that have to be adapted from general ergonomics to forestry.

• The trend to study systems-of-systems (supply networks) requires new knowledge and skills that have to be included in forest operations engineering and management curricula. The most important fields are (1) OR methods and tools, (2) systems engineering concepts and tools, (3) control engineering basics, (4) aspects of complexity science, particularly complex network theory, and ( 5) data mining techniques to analyze huge data sets that were captures in whole supply chain systems.

As Ivar Samset, a former IUFRO president (1971-76) and forest operations scientist, wrote, the technical evolution is characterized by discontinuities, at which a paradigm shift occurs. Those changes can be shaped, and the so-called informal college (Samset, Sundberg, Steinlin, Silversides, Puitkisto) is a shining example of the past how this could be done. It would be worthwhile to set up such an informal college to move forest operations in the area of systems-of-systems. Our challenge for the future is the understanding of the implications of various kinds of forest management on wood quality. Silvicultural planning and management needs to adapt to new demands and conditions by promoting the resistance of a forest to global change. This may involve actions that restore or sustain compositional, structural, and functional diversity in stands. We need more flexibility in management and capacity for forests to adapt to changing environmental conditions and also societal values. Conversion from even-aged forest management to uneven-aged mixed forest management is a response of forest owners and managers to forest damages connected with severe climate events, such as heavy wind/rain storms, drought-induced forest fires, and destruction by insects and the appearance of pathogenic fungi, which were previously less destructive or present over smaller areas. However, despite a willingness to adopt such systems there is limited experience in implementing them into practice or quantifying the outcomes in terms of the impact on timber quantity and quality and economic impacts across the value chain.
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The seven oral presentations and six posters included in this session featured current research on these challenges, with an aim to enhance the resistance and resilience of managed forests to global change, while maintaining or improving productivity and profitability. Speakers included experts from USA, Canada, India, Germany, and Finland with contrasting experiments and experience on wood quality, modeling and economic evaluation.

Key findings:

• Complex stand structures and uneven-aged harvesting practices give a possibility for larger diversity in wood quality.

• Thinning must be adopted selectively to assure wood quality: large defected stems should be removed and valuable species should be left growing.

• Different management regimes does not directly affect wood properties or quality, but there is a need for better tools to evaluate the quality of logs and their suitability for various end-products. The first four presentations covered research on main issues related to sustainability of planted forests and to their interactions with wider environment and socioeconomic context (landscape, governance, markets). The next three papers covered research conducted on productivity and management of planted forests in tropical, Mediterranean, and temperate environments. Two papers considered sustainability impact assessment of planted forests at national scales using modeling approach and indicator frameworks. The last paper reflected on the question of exotic tree species introduction in planted forests. Together those presentations covered multiple disciplines and a wide biogeographical range, providing a comprehensive consideration of sustainable management of planted forests and of their potential role in meeting future market needs.

Key findings and knowledge gaps:

• Progress is being made on the question of sustainability of planted forests and on the development of tools for impact assessment. The presentations demonstrated the pertinence of sustainability frameworks to assess impacts of future scenarios of planted forests development.

• Retrospective approaches and evidence-based research showed mutual economic, social, and environmental benefits of planted forests for wood sector development and restoration of degraded landscapes. However, there is also evidence of inadequate governance arrangements for sustainable development of planted forests in some policy contexts.

Further analytical research studies are needed to develop and strengthen governance frameworks and institutional support structures for the forestry sector and the associated ecosystem services in developing countries.

• Significant knowledge gaps exist on the question of sustainable intensification of planted forests for increased productivity and wood production to meet growing market demands in emerging bioeconomies and on interactions with other ecosystems and potential land-use conflict with other sectors, as limited land is available in many industrialized countries. In particular, further research is needed to better integrate our understanding of soils, water, nutrients, and tree physiology and genetics for sustainable management of forest plantations. This session assessed different underutilized forest species from different regions of the world and their potential role as important species for producing high-quality wood and wood products.
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The session included four oral presentations:

"Assessing wood quality and developing markets for landowners growing high-value native hardwoods in Hawaii." James Friday discussed Hawaii's forest and woodworking industries, largely based on harvest of old-growth stands of the native hardwood Acacia koa or koa, one of the most valuable woods in the world. Small private landowners are reforesting pastures with koa with the intention of harvesting timber. Today's market, however, is for old-growth lumber, not wood harvested from young or planted trees. Woodworkers' reactions to the young koa wood were mixed: some woodworkers valued the wood as highly as old-growth koa, others did not think it was usable for furniture. All agreed that a market for young koa does not exist now but should be developed. These forests are relevant for production of goods and services although those characteristics are usually not recognized. A strategy for secondary forest conservation might be the production of valuable timber by utilization of suitable lesser-known species (LKS). This study evaluated the status of secondary TDF in northern Colombia and aimed to find options for their conservation based on LKS. Sixty-four tree species were identified from a forest inventory. The outcomes of the study indicated a pool of species in the secondary TDF suitable to provide high-quality timber and concluded that the use of LKS under sustainable management will increase the secondary forest value and thereby minimize the tendencies for land transformation. This session considered contributions from the fields of nanotechnology and biotechnology in the development of innovative forest products. Five oral presentations were presented:

• "Applying electrospinning technology to produce lignin fibers," by Feng-Cheng Chang (China-Taipei)

• "Effect of nanomaterials on the wearing resistance and hardness of water-based wood coating," by Ling Long (China)

• "Classification of agarwood quality by electronic nose technology," by Nor Azah Mohamad Ali (Malaysia)

• "Novel nanotechnology for forest and forest product protection," by Yadong Qi (USA)

• "Life cycle assessment of cellulose nanowhiskers prepared with ionic liquid," by Wei Xu (Germany) This session included topics on recent advances in the innovation, processing, and utilization of bio-based composites and engineered bio-based products from wood and non-wood forest resources linked to the efficient use of forest residues and plantation resources.

• Robert Erickson discussed the manufacturing of engineered wood composite poles from the point of technical aspects and cost analysis. Several questions related to raw material properties from the audience were asked.

• Yuliati Indrayani presented research on particleboard manufacture from natural and plantation red meranti wood. One question was asked regarding resin used for the experimental panel manufacture and density of the raw material.

• Brian Via covered liquefaction and pyrolysis of forest resources into bio oil.

In addition to oral presentations, four poster presenters gave short PowerPoint talks covering their research projects. Moderator: Phil Araman Manufacturers of wood products do a great job of utilizing waste for energy, mulch and other products. For a greener future we need to recover, reuse, and recycle construction waste and end-of-use wood products. Use options are needed for construction waste generated during home construction, which represents a significant portion of landfill waste, estimated as 17% of the total waste stream. Additional disposal problems are created by people replacing treated wood decks and disposal of wood pallets that are considered waste. Green opportunities also exist in wood building deconstruction and demolition of old warehouses and other structures made from timbers. We will address these issues with green solutions that will save trees while keeping wood waste out of landfills. This session also addressed the spirit of the Congress title -Forests, Sustaining People --The Role of Research while addressing the Forests and Forest Products for a Greener Future theme in the wood waste and end-of-use wood products areas.

Presentation and discussion topics:

• Home construction wood waste can be recycled into several potential products, keeping these materials out of burn piles and landfills.

• Local experience with the use of wood residues for various products from a sawmill in Cuba.

• Wood pallet production uses great quantities of wood each year in the Untied States We also learned that recovery, reuse, and recycling of pallets provide close to half of the pallets needed by industry in the United States, and this saves over 60 million trees from having to be cut down each year.

• Paper honeycomb panels and sustainability in Turkey.

• Green building stability of blocks produced from sawdust and sand in Africa. The aim of this session was to explore recent research and technology used worldwide to improve stability and durability of wood products such as biological, chemical, and physical modification and test methodologies to evaluate and predict their in-service performance in different applications. The sessions included 4 oral presentations and seven insession posters covering a wide range of topics related to wood natural durability, wood treatment and modification, and wood's preservative and protective agents.

F-18

Key issues discussed:

• There is still great interest in understanding natural durability, and research continues on the natural wood protection mechanism and involvement of extractables. A study carried out on stilbenes of Norway spruce aimed, inter alia, to determine their genetic variation, distribution, stability, and bioactivity.

• It is important to determine the durability classes of imported woods under the local-use condition because the degradation agents and the exposure conditions are very variable.

• Wood modification through acetylation or heat treatment can significantly enhance the wood properties but are difficult to implement on large quantities of whole logs, for example.

• Due to the environmental concerns and regulation, a huge amount of research has been and still is conducted, around the world, on natural bioactive components and the potential for exploitation as the basis for a "natural wood preservative." However, because of their intrinsic properties, some components can pose risks to humans, animals, and the environment and thus the commercial implementation of this kind of biocidal product will not be possible.

Forest Health in a Changing World The ecological integrity and the continued capacity of forests to provide goods and services are of increasing concern in the face of a long list of threats, including insect and disease infestation, fragmentation, catastrophic fire, invasive species, and the effects of climate change.

Therefore the session focused on global impacts of air pollution and climate change on forest health and productivity related to the interactions between detected threats.

Borys Tkacz presented evidence that the outbreaks of native pests have killed trees on millions of acres in the western United States. Fires and severe droughts reinforced this negative effect. In the eastern United States, the combined effects of invasive forest pests, atmospheric deposition, and human development have changed the structure and composition of many forests. Steven McNulty claimed that the slow-growing, low-resource adapted trees will increase in future forests because these trees are predisposed to a lower risk of mortality than higher-resource acclimated trees.

Climate change results also in the complex and surprising interaction with nitrogen critical acid load exceedance in forests, which are expected to decrease by approximately 25% in the future in North America and Europe. Martin Lorenz presented evidence that under the future climatic conditions the share of ICP Forest monitoring plots acting as C sinks will be higher than the share of plots acting as C sources, which confirms recent more intensive tree growth than before. However, due to increasing drought, the health and sustainability of European beech is still at highest risk.

Rainer Matyssek claimed that under the pressures of climate change, daily drought does negatively affect the relative daily growth rate of European beech trees, although there was no significant daily effect induced by peak O3 influx and O3/drought interaction. The increase in temperatures is expected to have the potential of compensating, moderate drought effects on tree growth across Bavarian forests. Complex climate change and air pollution impacts on the Carpathian forests, especially Norway spruce and European beech, were presented by Andrzej Bytnerowicz. Increasing and highly variable temperatures, unpredictable precipitation patterns, prolonged droughts, and high frequency of strong winds are the most important climatic factors affecting forest growth in this region. Suggested science-based management strategies and their implementation should include increased presence of mixed forests that would allow increasing adaptation of the Carpathian forests to these changes. These recommendations were also supported by Robert Jandl, who reported that other forestry treatments like soil amelioration by liming and fertilization by P, K, Mg had no significant effect on forest stand productivity and recovery.

Algirdas Augustaitis reported that in Lithuania, forest air concentrations of SO2 and deposition of NH4+ are the key parameters explaining variability in pine defoliation. Increase in mean temperature inhibited negative effect of pollutants on pine defoliations as well as their stem increment. Therefore detected changes in meteorological parameters as well as acidifying compounds in the air and their deposition should only reinforce tree health recovery in the future. However, in China the distribution pattern of SO2 and acidity of precipitation remain unchanged. Notwithstanding this, He Shang from Chinese Academy of Forestry stated that the combined effect of climate change and CO2 fertilization would increase forest net primary production in all climate zones in that country.

Despite all the past and recent scientific efforts and international events, further research is needed to fully assess these complex and often unexpected environmental interactions and their integrated and synergetic effect on forest ecosystems across the world. Well-designed and longterm forest health monitoring and assessment efforts are critical. This session was focused on the impacts of climate change on groundlevel ozone formation and ozone damage to vegetation worldwide.

G-02 Ozone and Forest Health

Key findings:

• Tropospheric ozone (O3) is a criteria pollutant that is formed by reactions among precursor molecules such as nitrogen oxides and volatile organic compounds.

• Ozone concentrations over the past few decades in North America have drastically decreased due to the implementation of strict control measures. Intercontinental transport of O3 from developing countries is contributing to higher concentrations on the west coast. Concentrations can be extremely variable in space and time, and still may exceed air quality standards.

• Ozone average concentrations in China and Europe are still rising, while a decrease in ozone peaks occurs in Europe as a result of successful control measures.

• What matters for plants, however, are not ozone concentrations in the air but how much ozone is taken up through their stomata. Measuring, monitoring, and modeling stomatal ozone uptake (or flux) by plants are thus critical for developing meaningful legislative standards for protection of forests and other plant ecosystems.

• Decreased levels of photosynthesis, complex interactions with pathogens, drought, nutrient deficiency, increased NO2 or CO2 concentrations, and a general decline in health were discussed in the session. Overall, it was stressed that plant genotype is an important driver of plant responses, and leaf mass per area was discussed as a potential index of ozone injury.

• Epidemiological approaches, where large-scale biological responses to ambient ozone uptake in the field are investigated, were suggested as a promising tool for assessing ozone impacts on real-world forests. Key findings and discussion points:

• Throughfall measurements in dry holm oak forests in Spain largely underestimated N inputs. Nitrate loss in soil water was detected only during the periods of low biological activity in the winter period.

• Case studies were presented that demonstrate how CL science is used in setting policy and management decisions in US National Parks. The most protective CLs are based on changes in diatoms in alpine lakes.

• Dry N deposition is difficult to empirically determine and model. A GISbased empirical inferential method was presented for making fine-scale estimates and evaluating CL exceedances in complex mountain terrain.

• New CLs for forests across the United States are determined using lichen communities. Most CLs are near background levels, although N tends to be elevated in the eastern United States and so are beyond the true lichen CL.

• Chemical thresholds for soils (e.g., base saturation, Ca/Al ratios) and surface waters (ANC or acid neutralizing capacity) have been established for acidification critical loads. Nitrogen as a nutrient CL can be established based on thresholds for plant diversity change or impacts on high-interest species. Thresholds for establishing nutrient N CL are less well-defined than for acidification CL.

• In the Polish-Saxon border region, N CL was projected to decrease with climate change, illustrating that climate change factors should be considered when projecting future CL exceedances. Several invasive pathogens are currently spreading quickly in some forests of the world. In some cases, these pathogens are affecting large numbers of trees and causing great levels of dieback and angst to the owners of those trees. The session contained historical accounts of the sequences of introduced forest diseases into the forests of the United Kingdom and the White Pine forests of the eastern United States. In the case of the White Pine forests, there was also a brief summary of the control measures that were attempted to eradicate White Pine Blister Rust.

Other talks in this session focused on the following three diseases that are just now spreading very quickly: (1) Hymenoscyphus pseudoalbiduscauses dieback of ash trees in Europe and has been sweeping across that continent with dire and extensive impact;

(2) the pitch canker (Fusarium circinatum) disease that is spreading around the world and is currently causing exceptionally high levels of mortality in northern Spain; and (3) the Puccinia psidii rust that is currently spreading to dozens of countries in the tropics and sub-tropics. Some strains of this rust were shown to be highly pathogenic on many tree species in the large family of the Myrtaceae.

G-05 Global Approaches to the Biological Control of Invasive Eucalyptus Pests

Organizers: Simon Lawson (Queensland Department of Agriculture, Fisheries and Forestry, Australia),Toni Withers (Scion, New Zealand), & Helen Nahrung (University of the Sunshine Coast, Australia)

Moderators: Simon Lawson & Toni Withers

The session focused on the biological control of eucalypt pests worldwide. It included updates on biological control programs for long-established pests, recent invasions, and on the selection and release of effective control agents, Key findings, discussion points, and knowledge gaps:

• Australian-origin invasive eucalypt pests are continuing to move rapidly around the globe, threatening planted, urban, and amenity forests.

• Pathways of invasion have generally not been identified but were presumed by various speakers to include wind-assisted, natural dispersal, as well as many human-assisted or trade-assisted pathways such as through cut foliage, timber, or live plant trade.

• An international collaborative effort was considered to be required to coordinate biological control efforts globally.

• Only New Zealand, the country closest to Australia, has developed issues with hyper-parasitoids invading and disrupting otherwise successful biological control efforts.

• The major species of current concern are the gall wasps Leptocybe invasa and Ophelimus maskelli, the red gum psyllid Glycaspis brimblecombei, the bronze bug Thaumastocoris peregrinus and the eucalypt weevil Gonipterus species complex.

• New invasive pests continue to emerge, the most recent being the shell lerp Spondyliaspis sp.

• For some pests, gallers in particular, releases of more than one parasitoid may be required to achieve optimum control.

• Discovery of new biocontrol agents is required for some pests, while better climate/host matching is required for others. Forests are among the most productive and ancient terrestrial biomes, which attest to their ability to resist a variety of biotic and abiotic stress agents. All tree species must expend some amount of energy to defend themselves from continual attacks by insect herbivores. Thus, tree defense is a unifying theme across all insect-tree systems throughout the world, and a bridging theme with frontier research in basic ecology and evolution.

In native systems, a variety of sophisticated mechanisms have evolved to defend against local insects and pathogens. Invasive species, however, present trees with potentially novel stresses that may go beyond their capacity to respond. Tree defenses can also be significantly influenced by abiotic conditions, thereby directly and indirectly connecting climate change with insect population dynamics and insects' roles in forest ecosystem processes and services.

Exciting advances have been made recently in research on plant-insect interactions including the use of genomics and proteomics, application of plant defense theory to biological invasions and potential climate change effects, and the role of tritrophic and community interactions. Eight speakers from around the globe presented information on a diversity of insect feeding guilds attacking several host tree species with varied defense mechanisms. Their emphases ranged from biochemical to ecological, and from basic to applications for forest protection. Results suggest that multiple drivers, including temperature, C02, forest structure, natural enemy communities, and evolutionary history, will differentially affect insects and their host plants. Moderator: Timothy Paine Modifications of insect damage and risk in forests are crucial problems in the context of climate change, as well as in the context of forestry change that will necessarily accompany the climatic evolution. Some of these modifications are already occurring and known, while others may be foreseen.

This session provided an opportunity for exchange of information on these subjects by scientists involved in forestry, entomology and management. These problems were addressed at the level of forests in general but without forgetting the particularities of the different forest biomes (temperate, Mediterranean, boreal, and plantations). The session was structured in sections corresponding to these different forest types and in each section/biome, specific characteristics were considered: local modification of damage by already known indigenous pests, emerging indigenous pests, extending pests, and introduced pests. This structure by types was preceded by a general introduction on the effect of climate change on tree resistance mechanisms. A general conclusion was focused on possible consequences for management.

Key findings:

• Increasing temperatures in the higher latitudes may produce phenological asynchrony between insects and the preferred developmental stage of their host plants, reducing insect fitness.

• The asynchrony may be system-specific, and different host plantherbivore interactions, including host plant defensive mechanisms, must be examined individually.

• Changes in insect voltanism may place plant systems at increased risk as an indirect impact of global climate change.

• Changes in precipitation patterns stemming from global climate change, including periods of prolonged drought, can result in favorable conditions that directly and indirectly precipitate outbreaks of insect herbivores that were previously held at low chronic population levels.

• Distributions of insects and their interactions with their host plants at low elevations and in the warmer end of their geographic range are being strongly influenced by increased temperatures, potentially resulting in range contractions. Key findings:
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• Community composition of forest insects and associated organisms are sensitive to abiotic and biotic factors via direct and indirect pathways.

• Species interactions are sensitive to changes in temperature. Warming temperatures not only influence forest insect abundance by affecting growth and development but also increase the foraging ability of natural enemies. Temperature effects on predator activity will also contribute to variation in herbivore survival over time.

• Variation in leaf nitrogen can have demonstrable effects on fluctuations of forest herbivore communities and the impact of natural enemies on forest pest abundance. Factors that influence leaf N (e.g., inter-annual variation in precipitation, fertilization, and N deposition) may influence inter-annual growth rate of forest insect populations and interactions with natural enemies. This session focused on two specific groups of invasive insects, long horned beetles and wood wasps, which are causing significant damage to forest ecosystems worldwide. The session included eight oral presentations, three concerning alien invasive wood-boring beetles (mainly Longhorned beetles) and five dealing with wood wasps (Sirex spp.).

Key presentation and discussion topics:

• Invasive wood-boring pests may cause serious damage, directly and indirectly, to both natural and planted forests and landscapes.

• Both economic and ecological impacts of invasive wood-boring pests were presented and discussed in depth.

• The main techniques for dealing with monitoring, eradication, and control of the most harmful wood-boring species invading Europe, North America, South America, and Australia were presented and compared.

• New scientific collaborations among the session participants started with common research topics.

G-10 Multiple Risk Management in Planted Forests

Organizers: Hervé Jactel (National Institute for Environmental and Agricultural Science and Research, France), Christophe Orazio (European Forest Institute, Finland), & John Moore (Scion, New Zealand) Moderator: Christophe Orazio Forests in general have always been exposed to a range of biotic and abiotic hazards. However, natural disturbances and subsequent damage to forests seem to increase worldwide in a context of more extreme climatic events, changing land uses and landscapes. Planted forests are no exception and may even be more prone to pest and pathogen outbreaks because they are usually grown as monoculture. Their management and planning need to integrate multiple risks in order to improve overall resilience of planted forest systems to many threats and perennial supply of resources to wood-based sectors. The session therefore focused on interactions between biotic and abiotic hazards because this reflects the reality of risks in forest ecosystems, while the synergistic or cascading effects of multiple hazards remains insufficiently studied.

Key findings:

• Interactions between abiotic and biotic hazards are common in planted forests, operating in both directions. For example, drought stress can reduce the resistance of trees to pest infestations while root rot fungi can trigger lower resistance to wind damage.

• Interactions between different hazards of the same type also occur:

heat waves increase planted forest vulnerability to fire, mistletoe and infestations are predisposing factors of bark beetle attacks.

• Interactions operate at different scales: through physiological trade-offs at the tree scale (e.g., energy allocation to growth or defenses), through the provision of substrate at the landscape scale (e.g., wind-felled trees used for breeding by bark beetles or dead trees serving as fuel for forest fires).

• Forest growth (tree scale) or forest dynamics (landscape scale) models emerge as highly relevant tools to analyze and predict the interactive effects of multiple hazards on forest damage.

• Adaptation of silvicultural practices in planted forests is the most promising way to prevent multiple risks.

• It is therefore necessary to raise awareness among forest managers about multiple risks in order to improve their preparedness.

These findings highlight the necessity to enhance the scientific collaboration between forest entomologists, pathologists, and modelers and also the cooperation between scientists in forest ecology and socioeconomics.

G-11 Societal Impacts of Invasive Forest Pathogens and Pests

Organizers: Matteo Garbelotto (University of California at Berkeley, USA), Giles Hardy (Murdoch University, Australia) & Paolo Gonthier (University of Turin, Italy)

Moderators: Matteo Garbelotto & Giles Hardy

The session aimed at understanding the consequences of emergent diseases, including changes in policy and regulations, shifts in native or contemporary culture, changes in habits, and effect on income of local people, while at the same time emphasizing the role that local communities and the mass media may have had to highlight the environmental, cultural, and economic consequences of these emergent diseases.

There is a need for greater attention to the social dimensions of tree health -and in particular a better understanding of the barriers and motivations of forest managers in adopting measures to manage diseases.

Emerging findings from such a study relating to Dothistroma Needle Blight in the UK were presented in this session. Similarly, since their emergence over the last decade, the highly invasive pathogens Phytophthora ramorum and Chalara fraxinea now threaten the survival and productivity of UK trees and forests but pose different societal challenges dictated by their contrasting quarantine status, behavior, and host range. Both diseases have also heightened public awareness of the ecosystem destruction that can result from introduced non-native organisms, generating citizen science initiatives for the early detection or tracking of other new pests and pathogens.

Sudden oak death (SOD) is one of the best examples of how an introduced exotic disease can change the "face" and the structure of native woodlands. The disease, brought to forests by the ornamental industry, resulted in a costly and unprecedented regulation of the trade, with significant economic consequences. By killing large numbers of oaks and tanoaks (two keystone species), SOD has highlighted many aspects of how people and forests coexist and depend on one another. Oaks and tanoaks represent two important symbols of persistence and endurance in a changing world, and their loss severed the centuries-old link between native people and the land and altered residential neighborhoods. The high visibility and public outcry over SOD resulted in expanded funding for research and the creation of one of the largest citizen science programs in the country.

Similarly the introduction of Phytophthora cinnamomi in Australia has led researchers to join forces with local communities to amplify awareness, to initiate restoration programs, to educate kids from a young age about the consequences of not doing anything, and about the scientifically proven ways to mitigate the disease. Often entire communities have come together to treat trees in order to save them.

In Europe, chestnut has in the past been a keystone species both ecologically and economically, providing an alternative income source for inhabitants of rural areas by producing a highly prized nut, valuable and durable wood, and tannins. Unfortunately the arrival of chestnut blight, ink disease, and now the gall wasp has reduced dramatically the productivity (both of fruits and timber) of chestnut orchards, often accelerating emigration from rural areas. The depopulation and the consequent abandonment of chestnut woodlands worsened the incidence and severity of both ink disease and chestnut blight.

In the Pacific, a vascular wilt disease, Fusarium oxysporum f. ssp. koae (FOXY) of Acacia koa (koa), Hawaii's iconic tree species, causes high rates of mortality, and koa is no longer adapted to much of its native range.

Producing seeds or propagules with genetic resistance to FOXY is vital to successful koa reforestation and restoration and supporting the Hawaiian culture it sustains. At the same time the invasion by the plant Miconia calvescens has contributed to the loss of native forests, and in some areas increasing erosion, loss of wildlife, and a significant reduction in ecosystem services.

The impact of disease and insect pests in Colombian reforestation has limited the planting of some species. As a result, the government in alliance with the private forestry sector is implementing strong surveillance and management policies that contribute to the reduction of exotic diseases and insects.

The session provided an excellent oversight of the range of effects caused by the arrival of invasive organisms. There was a consensus on the need for forest pathologists to better understand how to study the societal impacts of forest diseases and to better communicate their science to the public and to the stakeholders. In recent years there has been a surge in interest in tree mortality that was brought about by a certain symbiotic relationship between fungi and insects. In most of these relationships the involved insect brings the fungus to the tree, creates some kind of wound or gallery in the tree, and then cultivates the fungus (or fungi) so that it (they) will be available as a food source for the brood of that insect. Death to the tree can occur either because of the excessive tunneling brought about by the fungal-fed insects and/or as a result of the fungal hyphae extending out into the wood and causing vascular blockages. In some cases, the inadvertent dispersal of fungi and/or insects through international trade has led to new and exceptionally dangerous combinations of insects and fungi resulting in extensive losses of some forest tree species. The session analyzed different modeling approaches to assess impacts of climate change and air pollution on many different targets linked to forest health; e.g., growth, beetle disturbance, ozone injury occurrence, and gross primary productivity. The following five papers were presented and discussed:

• "Combining large-scale simulation with economic models to investigate impacts of climate change on forests" (by Marc Hanewinkel)

• "Can modeled and measured data interact to evaluate forest health condition?" (by Elena Paoletti)

• "Impact of climate and site conditions on the growth-mortality relationship in European tree species" (by Lisa Hülsmann)

• "Predicting the spore infection depending on climate to model the Heterobasidion annosum dynamics in even-aged Pinus pinaster stand" (by Céline Meredieu)

• "Interactions among spruce beetle disturbance, climate change, and forest dynamics" (by Christian Temperli) Key findings:

• Forest productivity and disturbances in Europe have increased in the past, and these trends may continue in the future.

• Studies of climate change impacts on forests usually only consider either the effects of changing productivity or disturbances. However, productivity and disturbances are intrinsically linked.

• Air pollution and climate change are still mostly treated as separate issues, and modeling approaches with different targets can be helpful in decreasing the uncertainties linked to impacts of both stressors on forests ecosystems. This two-part session examined emerging pests and pathogens in relation to global change, the impact of these disturbance agents within the context of forest resilience, and possibilities to monitor for critical changes.

Presentation and discussion topics:

• Bernard Slippers discussed the role of humans in the movement of cryptic fungal species in the Botryosphaeriaceae as symptomless endophytes in living plants. This has resulted in the population diversity of some pathogens being equal to, or even higher than, that of related native pathogens in the same regions.

• Geoff Pegg summarized the arrival and impact of the Myrtle rust pathogen, Puccinia psidii in Australia. This disease has been called a potential environmental disaster in Australian ecosystems. It has already been detected on more than 200 native Australian Myrtaceous species, with fruit, flowers, leaves, and young shoots of susceptible plants being affected and plants being killed.

• Randall Morin approached the problem from a regional level showing that by using monitoring systems, mortality with large time lags after damage can be detected.

• Sandy Liebhold discussed different levels of invasibility because of propagule pressure and habitat variability. He proposed that more variable systems are more vulnerable but also better equipped to compensate for ecological impacts.

• Stephen Williams emphasized the importance of communication and of doing science that is more integrated in the community/general public.

• Anna-Maria Vettriano discussed a new approach to detect potential invasive fungal species by identifying unknown pathogens using sentinel nurseries.

• Paul Bosu discussed the challenges underlying forest-health monitoring in Ghana. Important to the success of the program was direct communication with, and education of, the smallholder owners and creating awareness at stakeholder level.

• Olle Anderbrant spoke about the characteristics that make a species an invasive/pest species, Hungarian spruce scale (Physokermes inopinatus).

• Sri Rahayu spoke about the damage that the rust fungus Uromycladium tepperianum causes in Malaysia and the potential effects of climate change on the spread and prevalence of the pathogen.

• Minna Lyytikäinen compared two monitoring methods for Ips typographus in Finland and concluded that both pheromone trapping and trap log piles gave similar results.

• Jolanda Roux discussed the use of 454 sequencing to show that the Eucalyptus stem canker pathogen Teratosphaeria zuluensis is present in Eucalyptus seeds and seed capsules. A number of other eucalypt pathogens were also detected. However, none were shown to be vertically transmitted.

The in-session poster presentations included studies on monitoring of pathogens and insects in different countries. These three-minute presentations created a dynamic atmosphere giving all presenters the opportunity to respond to questions from the audience. • Funding and logistical constraints present significant challenges to the continued collection of some of these datasets. This is requiring a redesign of Phase 3 indicators into a more flexible ecosystem indicator system.

G-15 Monitoring Emerging

• Researchers are developing innovative methods to analyze these data to generate useful information to policy makers and managers.

• Forest health questions of the future will probably require a cohesive integration of a variety of forest health indicators and big datasets as opposed to studying a single indicator in isolation. Key findings:
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• Harifidy Rakoto Ratsimba reported on traditional slash and burn agriculture in Madagascar, which fragments lowland tropical rainforests.

As soil fertility declines, farmers progressively clear land from lower to higher elevations, forcing them to use land farther from home and breaking up intact forests.

• Peter Vogt illustrated tools to detect and quantify change, pattern, connectivity, and fragmentation over space and time, targeted to help landscape ecologists classify land use and land cover. These tools are provided in the free software GuidosToolbox. This session included 10 talks dealing with the effects of biotic and abiotic factors on changes in species' distributional ranges.

Key findings:

• In at least one case, the introduction of a generalist natural enemy caused the decline of an invasive species, leading to widespread range retraction.

• Allele effects (positive-density dependence) can also affect range dynamics as was shown in the vector of the pine wood nematode. For example, the vector must visit a host tree twice: once to inoculate the nematode and weaken the tree, and then again to lay eggs in this weakened tree, and population density plays an important role in this process.

• A major driver of range dynamics is climate and changes in climate. Climate warming allows species to expand their distribution toward the poles, where higher temperatures increase the survival rate of insect species. However, high temperatures can also have a negative effect and lead to the retraction of the distribution, especially in regions that are already at the upper temperature limits of insects. All of these factors interact, and assessing the overall effects of biotic and abiotic factors is still challenging, and only a few case studies are welldocumented.

• When considering the available literature, changes in the distribution of forest insect pests could also result from a number of new or modified regulating factors, such as changes in tree vulnerability and genetic changes in the insect population. However, because there is no general rule applicable across insect taxa, these changes will likely be different for each host-pest system and in different regions of the world. This session covered a wide range of current research on pathway risk management and phytosanitary policy aimed at reducing the risk of pest and disease introduction associated with international trade.
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Key findings:

• Globalized trade has been implicated in the introduction of numerous forest insect pests and pathogens, often with grave environmental and economic consequences. International trade in nursery stock, the use of untreated wood packaging material, and other pathways have been implicated.

• Much effort has been directed at developing phytosanitary policies that make international trade safer, with a reduced risk of facilitating biological invasions. While phytosanitary policies for some pathways (e.g., ISPM-15) have been implemented widely, the development and implementation of effective phytosanitary measures for other pathways such as live plants/nursery stock remain difficult.

• Studies examining the impacts of invasive species as well as the costs and benefits of phytosanitary measures can be carried out to assess the net benefits of such measures. It is likely that many measures ultimately provide net benefits and are therefore sensible investments.

• Such measures need to be based on good science, requiring information on pest biology, invasion risks, and potential impacts (environmental and economic), trade volumes and transportation pathways, benefits of costs and benefits of treatments and policy, and communication with the wide range of interest groups. This is an area where collaboration between scientists, trade organizations, policy makers, and the wider public is critical. The IUFRO Incubator sessions provided a venue for graduate students and recent graduates to present brief summaries of their BSc, MSc, or PhD theses. The speakers presented their research in three minutes with just one presentation slide. Abstracts from students from more than 26 countries, from every continent, were accepted as part of these sessions.

Special Sessions for Students and Young Scientists

At each session, a large variety of topics were discussed and the audience was eager to ask questions. Many of the presenters complimented the moderators and the audience for having prepared specific questions for them.

All in all the sessions were a tremendous success, and at IFSA, we received positive feedback from both the organizers and the presenters. Some presenters mentioned that this was the perfect way to learn the "elevator talk"; e.g., how to present your research in a very short and effective way. Throughout the discussion, the need to find integrated solutions for the world's forest problems was underlined. Implementing these solutions will require interdisciplinary research on drivers of change across landscapes. They also require solid information and data about our world's forest resources. Yet such information and data are still scattered or missing in many parts of the world. In this context, the continued importance of criteria and indicators for sustainable forest management was emphasized.

In all activities, forest research must not only ask the right questions, but it also needs to point at solutions. In doing so, communication with policy makers, stakeholders, and the public is crucial.

Innovative ways and means of communication will be pivotal not only for reaching out to youth but also to widely share forest research and to raise awareness about forests and forestry from a policy and practice perspective.

In closing the meeting, President Koch thanked all participants and the audience for their contributions. He noted that crucial issues had been touched on in the session. They could help pave the way toward a greater relevance of forest-related research and better tailor research to the needs of practitioners. He was confident that the President's Discussion would add value to the work of IUFRO for the upcoming term.

Innovative ways and means of communication will be pivotal not only for reaching out to youth but also to widely share forest research and to raise awareness about forests and forestry from a policy and practice perspective.

INTERNATIONAL COUNCIL

International Council

The International Council is the highest governing body of IUFRO with representatives from all of the countries with IUFRO members. Forty-one representatives participated actively in the meetings in Salt Lake City, and seven representatives sent proxy votes before the meetings.

During this World Congress, the International Council (IC) met twice to discuss and decide on a number of matters of major significance for IUFRO. The IC engaged in a thorough discussion of the new IUFRO Strategy 2015-2019, which will pave the way for the many activities leading up to the 2019 Congress. The new Strategy has jointly been endorsed by the outgoing and incoming members of the board at a meeting on 11 October 2014.

The IC elected the new President, Vice-Presidents and other voting members of the IUFRO board for the 2014-2019 term. The IC also voted to award Honorary Membership to Don Koo Lee, in recognition of his long service and outstanding support to IUFRO.

Following a very competitive bidding process and detailed evaluation by the board, the IC also voted on the host of the next IUFRO World Congress. As a result, the XXV IUFRO Congress 2019 will be held in the beautiful city of Curitiba, Brazil.

Finally, the IC reviewed and approved the Salt Lake City Congress Declaration 2014.

The International Council is the highest governing body of IUFRO with representatives from all of the countries with IUFRO members. 

HONORS AND AWARDS

IUFRO World Congress Host-Country Scientific Achievement Award

The Congress Host Scientific Achievement Award honors outstanding scientists who have elevated the profile of forest science and research accomplishments. Award winners have an unchallengeable international standing in the scientific community, evidenced by demonstrated impact of their scientific achievements in one or more sectors of forest or forest-related scientific disciplines, spanning social/ cultural, economic, or ecological perspectives.

• 

Scientific Achievement Award (SAA)

At each World Congress, IUFRO recognizes outstanding achievements of up to 10 scientists. Selections were made for research results published in scientific journals, proceedings of scientific meetings or books, or appropriate patents or other relevant evidence that clearly demonstrates the importance of the scientific or technical achievement to the advancement of regional or world forestry or forest research.

• Sally Aitken, Canada

• Jürgen Bauhus, Germany Best Poster Award (BPA)

One Best Poster Award is given by each of the IUFRO Divisions with the goal of encouraging public dissemination of high-quality research and to recognize distinguished poster presentations by young scientists during the IUFRO World Congress. 2014 award winners and the titles of their posters were:

• Division 1: Emma Soraya, Australian National University, Australia, "Improving the productivity of native eucalypt forests"

• Division 2: Chai Ting Lee, Forest Research Institute Malaysia, Malaysia, "Discovery of genic microsatellite markers from transcriptome sequences of Eurycoma longifolia root"

• Division 3: Lilli Kaarakka, University of Helsinki, Finland, "Effects of repeated whole-tree harvesting on soil properties and tree growth in a Norway spruce stand"

• Division 4: Nyein Chan, Kyoto University, Japan, "Assessment of aboveground biomass and soil carbon storage of the fallow forests after swidden cultivation in the Bago Mountains, Myanmar"

• Division 5: Min-Jay Chung, National Taiwan University, China-Taipei, "Profiling of aroma compounds released from four major bamboo shoots of high economic value in Taiwan"

• Division 6: Emmanuel Danquah, Kwame Nkrumah University of Science and Technology, Ghana, "Exploring opportunities for participatory management at Bia Biosphere Reserve in western Ghana"

• Division 7: Tsutomu Kanasashi, Nagoya University, Japan, "Seasonal change of cesium in different age needles and male flowers of Japanese cedar (Cryptomeria japonica) in Fukushima"

• Division 8: Althea A. Arch Miller, Auburn University, United States, "Temporal and spatial variability of soil carbon flux in longleaf pine forests in the southeastern United States"

• Division 9: Olivia Sanchez Badini, University of British Columbia, Canada, "Small and medium forest enterprises in a REDD+ context: an analysis of enabling environments in developing countries"

COMMUNITY EVENTS

Side and The side event will showcase the latest advances in engineered bamboo product development and life cycle assessment tools applied to bamboo products. Experts from industry, academia, and the World Bamboo Organization will present these themes and discuss their importance on the future of bamboo as a sustainable alternative to traditional timber.

Quantifying and Certifying Ecosystem Services

The Gold Standard Moriz Vohrer Carbon, water, biodiversity, and erosion protection are all services that forests provide -and are under ongoing pressure. Through quantification and certification their value becomes visible and can be protected more effectively. The interest in these practices increases. This side event explores some of the best practice work done so far. 

Pre-Congress Training

The Special Programme for Development of Capacities (IUFRO-SPDC) of IUFRO has a long history of organizing training workshops on pertinent subjects relevant to forest scientists from developing countries in conjunction with large IUFRO conferences and Congresses. To this end, a one-week training event was organized at Snowbird Mountain Resort near Salt Lake City, during the week prior to the IUFRO World Congress, 29 September to 3 October, 2014.

Participants were selected from a pool of more than 300 scientists applying for both sponsorship to the Congress Scientist Assistance Program and participation in the pre-Congress training week. Seventyone early and mid-career scientists from 32 countries in Africa, Asia, and Latin America were selected. A total of 30 participants participated in this workshop led by Cynthia Miner, US Forest Service. This session provided basic and advanced concepts in communications. Concepts explored included one-way and two-way communications. Each participant developed a communications strategy that included purpose and scope, objectives, audience, key messages, methods, and measurement of success. The news media section explored what shapes news, types of media, and ways to get published. Media interviews were used to continue developing skills in delivering key messages. Discussions focused on how to prepare for an interview as a scientist, techniques for getting the science story out, and how to stay out of trouble in speaking to the press.

The Internet and social media section included the benefits and challenges of emails, electronic newsletters, websites, content development, providing access with various apps and tools, Twitter, Facebook, and blogs. Each participant developed a blog, some of which later were posted by the IUFRO Congress or the individuals themselves.

Teaching materials included a PowerPoint presentation, a manual entitled Communicating Forest Science, and handouts.

Workshop 3: Introduction to the Global Forest Information Service (GFIS)

On 3 October, 2014, the Global Forest Information Service (GFIS) Coordination Unit led a half-day workshop for all 71 participants aimed at promoting the GFIS gateway and addressing the challenges to scientific information sharing across different scales.

Eero Mikkola, GFIS Coordinator, described how the GFIS website interacts with partner-organizations' websites to harvest and store information for third-party information access. GFIS Communications Officer Michael Huck instructed participants in the evolution of online information management; the changing nature of the information search and scope of content found online; the evolving nature of dissemination; as well as best practices for readying information for online upload including introduction to web-ready standards.

Knowledge Café

The week concluded with a Knowledge Café for all 71 participants to share the information and insights obtained in the different training workshops. The focus was on discussing real-world cases likely to be encountered in practice. The results show that the previous training sessions on communication of research, the science-policy interface, GFIS, and research methodology were relevant and addressed needs in the participants' countries. They also show the need by the forest science community to increase efforts in training and networking, in order to achieve a greater impact of forest research in these countries. 

Funding for Pre-Congress Training

SCIENTIST ASSISTANCE PROGRAM

Scientist Assistance Program

The Scientist Assistance Program (SAP) is designed to offer delegates from developing countries financial assistance to participate in the IUFRO World Congress. A total of 341 applications were received and evaluated. Factors considered include scientific achievements of the applicant, whether the applicant was an award recipient, and financial need. Consideration was also given to early-career scientists, geography, and gender balance. The IUFRO Special Programme for Development of Capacity made selections first, totaling 71. Then, the Congress Organizing Committee selected an additional 51 applicants for funding from the sponsorship by the US Department of Agriculture and from the Congress budget. In total, 122 delegates were funded -60 women and 62 men. 

Scientific

SOCIAL EVENTS

Social Events

Social events throughout the Congress were an opportunity for delegates to meet in a variety of settings.

Official Congress Receptions Welcome Reception

The Welcome Reception was held the evening of Monday, 6 October, in Hall E of the Convention Center.

The informal reception was an opportunity for delegates to greet old colleagues and friends and make new acquaintances. The Mark Chaney Jazz Band provided entertainment for the evening.

Exhibition Hall Opening Reception with Society of American Foresters & Canadian Institute of Forestry The Exhibition Hall opened the evening of Wednesday, 8 October, with a reception. The Society of American Foresters and the Canadian Institute of Forestry meeting attendees joined IUFRO delegates in the Hall to interact with the various vendors.

Farewell Gala and Dinner

The American-West themed Farewell Gala and Dinner followed the Closing Ceremony on Saturday, 11 October. The evening began with a reception where delegates mingled and recounted the highlights of the Congress. After an hour, they were seated for the dinner at tables and the meal was served buffetstyle. Key Congress partners and donors addressed the delegates during the meal.

Maxwell Hughes provided instrumental guitar entertainment during the reception and the Red Desert Ramblers provided traditional western music after dinner. A "caller" inspired attendees to participate in group square dances. Several hundred joined in enthusiastically.

Partner-Sponsored Receptions

Reception with National Association of University Forest Resources Programs (NAUFRP)

The National Association of University Forest Resources Programs (NAUFRP) was a key partner to the IUFRO World Congress. They held their annual executive committee and general assembly meeting on 6-7 October. After their meetings ended, they hosted an invitation-based reception on Tuesday evening, 7 October. The IUFRO President and the Chair and Project Manager of the Congress Organizing Committee attended this reception for IUFRO. Many other US universities and partners were in attendance.

Alumni Receptions

In the United States, there is a strong history of forestry schools hosting alumni receptions at large conferences, particularly annual conventions of the Society of American Foresters. These receptions are an opportunity for the Deans and Department Heads to share the latest school news and for students, professors, and alumni to network. Many North American universities hosted receptions on Thursday evening, October 9. While the Congress did not organize these receptions, many Congress delegates participated who had attended North American universities. 

Other Social Events and Receptions

IFSA Networking Reception

The International Forestry Students' Association (IFSA) hosted a networking reception at a local restaurant on Tuesday, 7 October. The reception was designed to introduce non-IFSA students to the organization, as well as allow IFSA members to mingle and get better acquainted. Before the formal program, the nine IUFRO Division coordinators as well as the IUFRO President were available at different tables to talk to the students about their Divisions and their roles in IUFRO.

International Student Quiz Bowl

A regular feature of the Society of American Foresters (SAF) annual conventions is a Quiz Bowl, where teams of students from universities compete to answer technical questions. This year, the format was broadened to include students from IUFRO/IFSA and Canadian universities. On Wednesday evening 8 October after the Exhibition Hall Opening Reception, the event drew several hundred participants and observers. The COC appreciated the efforts of the SAF organizers to reach out and include international students in the event.

President's Reception for the International Council

The International Council is the highest governing body of IUFRO. On Friday, 10 October, members of the International Council meeting were invited to a reception immediately following their meeting at the Hilton Salt Lake Hotel. Senior IUFRO officers participated in the reception. 

COMMUNICATIONS & MARKETING

Communications & Marketing

Communications and marketing planning began in September 2010, immediately after the International Council awarded the 2014 Congress to the United States. Special emphasis was placed in all the advance work on outreach to a broad Latin American audience.

A communications subcommittee was formed in July 2012, with representatives from various forest sector organizations (universities, government, non profits, IUFRO Secretariat) in the US and abroad. This subcommittee provided feedback to communications initiatives and local community engagement opportunities. In September 2014, the subcommittee transformed itself to focus on on-site activities at the Congress.

Congress Promotion and Information Materials

With the Congress logo and brand finalized, the development of promotion and marketing materials began. Core to these efforts were a large booth that could be used at events and meetings to promote the Congress; print materials that could be distributed at meetings, in mailers, and online; a website that would house all relevant Congress information and serve as a portal to other related websites; and finally, personal attendance at important conferences or meetings of directly related or fringe disciplines to build awareness about IUFRO and the opportunities at the World Congress.

Website

In June 2012, the home page of the website launched at www.iufro2014.com. Additional pages were built out and populated with content from there. Links to the abstract submission site and registration site were provided through the Congress website. The Congress website will remain online and active until October 2015. At that time, relevant information will be transferred to http://www.iufro.org/events/ congresses/2014/ for archival purposes.

A communications subcommittee was formed in July 2012, with representatives from various forest sector organizations (universities, government, nonprofits, IUFRO Secretariat) in the US and abroad. 

IUFRO Spotlights

The IUFRO Secretariat worked through the list of Congress sessions and identified topics that they would feature in IUFRO Spotlights. Nine spotlights were produced for the Congress and were promoted through the IUFRO network, social media, and the Congress website. The IUFRO Congress spotlights are available for download here: http://www.iufro.org/publications/iufro-spotlights/.

Social Media

Special attention was devoted to planning for the use of social media -both prior to the Congress to create awareness and encourage registrations and also during the Congress. A social media plan was created to help guide efforts and focus on four key objectives:

• Maximize Congress attendance 

Promotions and Marketing

Promoting the Congress to a diverse audience was a primary strategic objective of the Congress Organizing Committee. The approach was multifaceted across a temporal scale with different goals and audiences along the way. The approach required both in-person attendance at meetings, presentations to various organizations and groups, purchasing booth space at major conferences, and utilizing print and email information,

In May 2012, two exhibit booths were constructed (one for the organizers and one for the IUFRO Secretariat). In 2013, several banner stands were also produced and circulated. Organizers and Secretariat staff attended many different meetings and conferences, and took the booths or banner stand with them to help promote the Congress.

Promoting the Congress to a diverse audience was a primary strategic objective of the Congress Organizing Committee.

upcoming opportunities, and major deadlines (abstract submission deadlines, pre-Congress tours, Scientist Assistance Program applications, volunteer opportunities, registration information, highlighting sponsors, side events, etc.). As the Congress grew nearer, the sites began to share stories more focused on science, attendees, the IUFRO Spotlights -a more scientific content focus, to bring awareness to what would be presented at the Congress.

The blog launched in June 2014 and utilized a competition with a cash prize ($500) to entice scientists to write about their work. A total of 35 submissions were received to the blog competition, with one submission disqualified from the competition. During the Congress, generating content through blogs and sharing through the various social media outlets (Facebook, Twitter, YouTube) was truly the foundation for successful outreach, inclusion, and communication efforts. In total, 142 blog posts (67 from Congress writers, 34 from the competition, 14 guest posts, and 26 videos) were made available leading up to and during the Congress featuring a variety of scientific topics. The blog is available at: http://blog.iufro2014.com/.

A Flickr group (https://www.flickr.com/groups/iufro2014) was created to allow participants to share photographs from the Congress easily and a YouTube site (https://www.youtube.com/playlist?lis t=PLoCgwC3s55P4jHsu4lbsd6wYrR2Z8_rF-) was created to share video proceedings of major Congress events (ceremonies and plenary presentations) and interviews with various scientists during the Congress. A professional journalist completed 16 video interviews for the YouTube site. An app (IUFRO2014) was developed and launched just before the Congress for download from the Apple iTunes and Google Play stores, which provided a wealth of information on the sessions, side events, and included helpful information such as maps. Push notifications were distributed to Congress delegates via the app, which shared updated information about sessions and events.

DECEMBER 

Broadcast and Print Media

Local communication partners were instrumental in leveraging their networks and contacts to increase media interest and coverage. Over 110 reporters from all over the world received IUFRO press materials leading up to and during the Congress. Free registration was offered to appropriately credentialed media.

Interviews were conducted by the Salt Lake Tribune and Deseret News daily newspapers. The Tribune also published a significant editorial in the Sunday, 5 October, edition. All the local network television stations also shot video and did interviews, including KSL-TV, "Primetime Live," ABC 4 Utah, and CBS KUTV2. On Monday morning, 13 October, a five-minute summary of the Congress and its interactions with the local community was broadcast on KSL-TV (http://www.ksl.com/?nid=148&sid=31905604). Traditional print and TV media highlighted forests in our lives and the learning and networking of more than 3,000 researchers, managers, and policy makers from more than 100 countries in Salt Lake City.

A social media plan was created to help guide efforts and focus on four key objectives: 

Congress Newsletters

Two newsletters were prepared in advance of the Congress to share information with registered delegates about local customs, practical information, helpful links, and more. One newsletter was sent just after the Congress, thanking delegates for their participation, providing important post-Congress wrap-up information, and providing links to information for download and viewing. One additional newsletter will be sent in the spring of 2015 with a link to the Congress report and information on IUFRO, upcoming events, and the 2019 Congress in Curitiba, Brazil. Copies of these newsletters are on the Congress website under the News and Media tab.

Daily newsletters were an important part of the Congress communications plan. Each daily newsletter covered preselected ceremonies, sessions, and special events that were determined to be the most representative cross-section of the event. Digital copies of the newsletter were completed and linked to the IUFRO 2014 website prior to 08:00 each day. A push notification went out through the Congress app as each newsletter was ready for download. Hard copies of the newsletter were produced and distributed at 10:30 each day during the morning refreshment break and as attendees were exiting the morning sessions/events.

Copies of each daily newsletter can be found at this link: http://iufro2014.com/sub-news/connect-with-us/

Photography

One professional, three volunteer, and four staff photographers captured thousands of images throughout the week. These images were used for the daily newsletter, blog postings, social media, the closing slideshow, this report, and more. IUFRO was provided all of these images, and many of them are also available for public download on Flickr. These photos may be accessed at this link: https://www.flickr.com/groups/iufro2014

Each daily newsletter covered preselected ceremonies, sessions, and special events that were determined to be the most representative crosssection of the event.

FACILITIES Facilities

Salt Lake City was selected as the host city for many reasons, including its easily accessible international airport (Delta Airlines' largest western hub), its compact convention district with essential infrastructure, and its close proximity to natural landscapes that could be showcased during the field tours. The city offers numerous lodging and dining options at various price points and has a vibrant downtown area. The Salt Lake Visitor and Convention Bureau was particularly helpful to the Chair of the Congress Organizing Committee in preparing the US bid to host the Congress and in the early organizational stages of the event after the US won the bid.

The Salt Palace Convention Center has a strong commitment to sustainability. It has one of the largest rooftop solar arrays in the United States, is a certified energy-efficient green building, and partners with a caterer that encourages local food purchases and donates leftover food to those in need in the Salt Lake area. The Salt Palace Convention Center has 679,000 square feet of space -160,000 square feet of meeting room space and 515,000 square feet of exhibit hall space. The Congress and SAF/CIF conventions used every bit of the meeting room space available and 312,000 square feet of exhibit hall space -62 percent of the total exhibit hall space available. This allowed the COC to fully control the entire building during the Congress, which simplified security.

CONGRESS SURVEY

Congress Survey

As in previous IUFRO World Congresses, delegates were sampled to get their views regarding satisfaction with and opinions about the Congress. This information is used by IUFRO to advise future Congress organizers. 204 paper responses and 31 online surveys were submitted.

On the 14 questions that evaluated the quality of the Congress and performance of the organizers on a 0 to 5 scale, the overall mean score was 4.14 out of 5.0, and all means ranged from 3.67 to 4.41.

Students

One goal of Congress organizers was to ensure that students were provided opportunities to participate, contribute, and engage with professionals at the Congress. Developing and mentoring the next generation of forest researchers is very important to IUFRO. Discounted registration prices were available to students who could show proof of current enrollment. In addition, the volunteer program offered some students a registration fee refund in exchange for 16 hours of service. The International Forestry Student Association organized a student-to-student networking night and a student-toprofessional networking night. In addition, the Society of American Foresters opened up their annual Quiz Bowl to international student teams. The demographic of the 700 student attendees is below.

Presenters

The 1,749 presenters accounted for 70 percent of the total number of IUFRO Congress delegates. This highlights the important role that being a presenter plays in motivating attendance and for many, in obtaining approval or permission from their employer to attend the Congress.

While the COC expected strong student attendance from North American and European institutions, we were quite pleased with the number of students from Latin America, a key outreach region. 

  Shirong Liu, Chair of the IUFRO Honors and Awards Committee, shared the names of the winners of the IUFRO Outstanding Doctoral Research Award, the Student Award for Excellence in Forest Science, and the Best Poster Award Winners (video 21:09-23:23). Niels Elers Koch presented Richard Guldin with the Distinguished Service Award (video 24:05-27:50) and presented Don Koo Lee with the Honorary Membership Award (video 27:55-34:00). Please see the Honors and Awards section for more details.

  Incoming IUFRO President, Mike Wingfield delivers his inaugural address Honors and Awards Committee Chair, Shirong Liu Koch presents IUFRO Certificates of Appreciation to COC staff Jennifer Hayes and Daryl Lederle. The Presidents of SAF (Dave Walters), CIF (Tat Smith), and IUFRO (Niels Elers Koch) welcome delegates to the joint plenary were held as part of the Congress, including a joint plenary between IUFRO, the Society of American Foresters, and the Canadian Institute of Forestry. A summary of each is provided below: 11: Cecil Konijnendijk van den Bosch Monday, 6 October: Andy Buchanan Andy Buchanan is Professor of Timber Design at the University of Canterbury, New Zealand.

  "We need to become more engaged." Tuija Sievänen, Coordinator of Division 6 -Social Aspects of Forests and Forestry, moderated the session. View Konijnendijk's plenary address here: https://www.youtube.com/watch?v=YFOOPu6R6nY SCIENTIFIC PROGRAM 2014 Scientific Program Overview and Summary of Congress Program The Congress scientific program included, in addition to the five plenary sessions, 19 sub-plenary sessions, 168 technical sessions, and poster sessions organized around the seven themes encompassing the various facets of the Congress title "Sustaining Forests, Sustaining People: The Role of Research": • Forests for People • Forest Biodiversity & Ecosystem Services • Forests & Climate Change • Forest & Water Interactions • Forest Biomass & Bioenergy • Forests & Forest Products for a Greener Future • Forest Health in a Changing World The sub-plenary and technical sessions included in the program were developed by the Congress Scientific Committee (CSC) following an open call for session proposals after which 142 of the 225 session proposals were accepted. An additional 25 technical sessions were subsequently created by the CSC to fill topical gaps in the program. Sub-plenary sessions were designed to highlight the state of knowledge on key topics and issues within each of the seven Congress themes. Among these were seven organized jointly by IUFRO Divisions and Task Forces that covered the six emphasis areas of the 2010-2014 IUFRO Strategy, and three special sessions focused on IUFRO Student Award winners, the IUFRO Directors' Forum, and the IUFRO 2015-2019 Strategy.

Forests

  and Climate Change Understanding and anticipating the impacts of climate change on forest ecosystems and the services they provide to people are critical to efforts to develop and implement effective policies and management strategies for climate change mitigation and adaptation. Sessions within this theme considered climate change effects on forest ecosystem structure and function; interactions with other natural disturbances and forestmanagement regimes; land-use and land cover change; monitoring and modeling of forest conditions, biomass, carbon and climate change -related impacts on forest ecosystems, landscapes, and communities; and environmental, social, and economic implications of forest-based climate change adaptation strategies and mitigation opportunities (such as REDD+).

Organizers:

  Mauro Agnoletti (University of Florence, Italy), Jinlong Liu (Renmin University of China), & Steven Anderson (Forest History Society, USA)

Organizers:

  Lisa Hansen (IFSA/University of British Columbia, Canada) & Louise Fortmann (University of California at Berkeley, USA) Moderator: Siegfried Lewark (University of Freiburg, Germany)This technical session outlined the importance of social science education for foresters, where the problems lie, what are the barriers to change, how to break these barriers, providing successful examples of the integration of social sciences into forestry curricula. It placed particular emphasis on the changes in learning outcomes that are needed to meet the needs of tomorrow's foresters, and examined how these changes might best be accommodated within forestry curricula.

Organizers:

  Byung Bae Park (Chungnam National University, Republic of Korea), Palle Madsen (University of Copenhagen, Denmark), & Bryan Finegan (CATIE, Costa Rica) Moderator: Palle MadsenHistorically, a wide variety of forest regeneration methods originating from silvicultural practices have been used for the restoration efforts depending on site conditions management goals. However, silviculture and forest restoration -particularly afforestation -are usually viewed as separate situations with different sets of methods and practices to facilitate the survival and growth of the regeneration -artificial as well as natural regeneration. This two-part session examined current research and practical experiences on silvicultural methods (ranging from regeneration establishment to harvesting systems) used to facilitate forest restoration and management to better respond and adapt to challenges across site conditions and climatic zones and with a view to climate change. It included a total of 16 oral presentations as well as a guided poster tour across those of the 21 posters covering these topics based on research in both temperate and tropical regions.

C- 30

 30 Novel Ecosystems and Intervention: Adaptation to Climate Change Organizers: John Stanturf (US Forest Service) & Palle Madsen (University of Copenhagen, Denmark) Moderator: Palle Madsen The session explored current perspectives on restoring forests under the simultaneous pressures of land-use change, trade globalization, and climate change. The eight speakers provided an overview of the concepts of novelty and how novel ecosystems arise, as well as some theoretical and adaptive practical responses.

Organizers:

  Hans R. Heinimann (ETH Zurich, Switzerland) & Woodam Chung (Oregon State University, USA) Moderators: Hans R. Heinimann & Woodam Chung

  Organizers: Zhaozhong Feng (Chinese Academy of Sciences) & Elena Paoletti (National Research Council, Institute of Plant Protection, Italy) Moderators: Zhaozhong Feng & Elena Paoletti

  Membership is IUFRO's highest award. At the Salt Lake City World Congress 2014, it was conferred upon an outstanding officeholder, Don Koo Lee, Immediate Past President of IUFRO, from the Republic of Korea.Professor Don Koo Lee, one of the most prominent scholars in dendrology in Asia, has devoted his time over the past decades to research and development for the conservation, management, and restoration of forests around the world. He was the second Asian to serve as President of IUFRO and served for 18 years in several leading offices in IUFRO's governing bodies. Lee has also played an important role in Seoul National University (SNU) and in the Korean Forest Service. In recognition of his outstanding and valuable service to IUFRO, Professor Don Koo Lee is awarded IUFRO's Honorary Membership.Distinguished Service Award (DSA)The Distinguished Service Award (DSA) recognizes individuals whose work has substantially contributed to furthering the scientific, technical, and organizational aims of IUFRO. Two DSAs were presented during business sessions: to Santiago Barros Asenjo of Chile and Peter Herbst of Austria. An additional DSA was given during the Closing Ceremony to Richard W. Guldin of the United States of America for outstanding contributions to IUFRO as Working Party Leader in Division 6, creator and leader of the Task Force on the Forest Science-Policy Interface, and since 2010 as the Chair of the Congress Organizing Committee.

  Harold E. Burkhart, University Distinguished Professor in the Department of Forest Resources and Environmental Conservation at the Virginia Polytechnic Institute and State University. A leading innovator in forest biometrics, Burkhart has made path-breaking contributions to the development of quantitative models for forecasting forest stand dynamics, growth, and yield. He has published extensively on forest growth and yield prediction, as well as forest inventory procedures, sampling, and statistical ecology. His textbooks are the standards for forestry schools in the United States and have had significant impact globally. His growth models for Loblolly Pine (Pinus taeda L.) have been used for plantations in Chile and South Africa, as well as being the standard for the southern United States. He was elected as a Fellow of the American Academy for the Advancement of Science in 1981 and a Fellow of the Society of American Foresters in 1985, and he received SAF's Barrington Moore Memorial Award in 1991. He has been active in IUFRO throughout his career, previously receiving an IUFRO Scientific Achievement Award in 1981 and the Distinguished Service Award in 1995. He also served as a member of the Congress Scientific Committee for the 2000 World Congress in Kuala Lumpur as well as other IUFRO divisional and research group meetings in Portugal, Austria, India, Chile, Denmark, and the United States. • Stephen Hubbell, Distinguished Research Professor of Ecology and Evolutionary Biology at UCLA, and Senior Staff Scientist at the Smithsonian Tropical Research Institute, Panama. Hubbell is an internationally renowned ecologist for his research on tropical rainforests and theoretical ecology. He is the author of the unified neutral theory of biodiversity and biogeography, which explains the diversity and relative abundance of species in ecological communities. He is Founder and Chairman of the Board of the National Council for Science and the Environment, a national organization with a mission of improving the science underlying environmental decision-making, and Co-founder of the Center for Tropical Forest Science, which monitors the natural populations of tropical tree species across 23 countries and makes a major contribution to forest science and capacity building across the developing world. Hubbell is a Fellow of the American Academy of Arts and Sciences, the

  The participants could choose between two main training modules: Training in Research Methods or Communicating Forest Science. These two training workshops were held concurrently from Monday to Thursday. On Friday participants attended a short workshop on "Introduction to the Global Forest Information Service (GFIS)" lead by the GFIS Team, followed by a Knowledge Café as a wrap-up session of the training week.Workshop 1: Training in Research MethodsThis training workshop with 41 participants was co-led by Rolfe Leary, US Forest Service (retired), and John Kershaw, University of New Brunswick. The workshop presented the scientific process, including: problem identification, question formulation, effective literature reviews, hypothesis development, scientific inference, sampling theory, experimental design, statistic inference, strong inference, and research ethics. Each participant was asked to bring a question or problem statement related to research they are currently undertaking to be used as examples and case studies. The workshop was structured so that participants understood the connections and parallels between philosophical and conceptual constructs of science and the mechanics of doing science. A website for the training session is found at: http://ifmlab.for.unb.ca/people/kershaw/Courses/IUFRO_Research_Methods/ IUFRO_top.htmSPDC delegates attend a pre-Congress training session

Funding

  for the SPDC Program was provided by: • Ministry of Foreign Affairs of Finland • Korea Forest Research Institute, Republic of Korea • US Forest Service • Austrian Federal Ministry of Agriculture, Forestry, Environment, and Water Management • Center for International Forestry Research (CIFOR) • International Tropical Timber Organization (ITTO) • Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ)

President' s

 s ReceptionThe President's Reception was held the evening of Sunday, 5 October, at the Natural History Museum of Utah. Approximately 80 invitees attended, including Congress sponsors and key partners, award winners, keynote and plenary speakers, and many heads of international organizations. Congress Organizing Committee advisor Pat Shea provided local context and history, and IUFRO President Niels Elers Koch provided welcoming comments in the Sky Terrace gallery, where a photographic exhibit was displayed paying tribute to the 50th anniversary of the US Wilderness Act. Attendees were invited to tour the entire museum, including the unique Native Voices gallery that highlighted the history and culture of the six Native American tribes indigenous to Utah. The IUFRO President recognized leaders of the University of Utah who helped organize and host the reception.

  Guests stand in the Canyons room of the museum and visit before the program begins

  Luncheon for Incoming and Outgoing Board MembersOn Saturday, 11 October, the new members of the IUFRO Board joined the outgoing members for a luncheon hosted by the IUFRO President. This was an opportunity to share knowledge and ensure a smooth transition to leaders for 2014-2019. The group discussed the IUFRO Strategy for 2014-2019 and how it could guide activities of Divisions and Task Forces in the coming years.

  IUFRO World Congress Program Summary Report 134 Rich Guldin, Niels Elers Koch, Jennifer Hayes and Cindy Miner promote the Congress at the IUFRO-FORNESSA Regional Congress in Nairobi, Kenya Print Materials A suite of print materials were produced to support the Congress: • May 2012: Initial brochure and official save-the-date postcard distributed • March 2013: First Announcement published and distributed • June 2013: Trade Exhibition and Sponsorship Book published and distributed • September 2013: Information and Registration Booklet printed and distributed • October 2014: Program Book and the International Forestry Review volume containing all the Congress abstracts distributed on-site in the satchels The First Announcement, Trade Exhibition and Sponsorship Book, Information Book, and Program Book are all available for download on the Congress website in the News and Media section.

•

  Highlight the importance of forest science and the Congress • Raise overall awareness about the role of forest research through opportunities provided by the Congress • Leverage communications during the Congress to encourage growth of an online community with the idea of increasing awareness of and engagement in the IUFRO network after the Congress Cornerstones of this approach were the use of Facebook, Twitter, and a Congress blog, complemented by other communications activities. In August 2012, the Facebook and Twitter pages for the Congress were officially launched. The early focus of these platforms was to bring awareness to the Congress,
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  SP-03 Forest Health in a Changing World

Organizers: Tod Ramsfield (NRCan-Canadian Forest Service) & Eckehard Brockerhoff (Scion/New Zealand Forest Research Institute) Moderators: Tod Ramsfield & Eckehard Brockerhoff Four speakers discussed various aspects of how global change and increased trade are affecting pest population dynamics, forest resilience, and ecosystem processes. Main topics discussed:

  SP-04The IUFRO Directors' Forum: Crossing Science Boundaries for the Benefit of Forests and People

	Organizers: Konstantin von Teuffel (Baden-Württemberg Forest Research
	Institute -FVA, Germany), Peter Mayer (Austrian Research Centre for
	Forests -BFW), & Jimmy Reaves (US Forest Service)
	Björn Hånell, Coordinator of IUFRO Division 1 on Silviculture and incoming
	Vice-President for Divisions, gave a brief overview of major research
	challenges from an IUFRO perspective, putting major societal developments
	in relation with the five new themes guiding the IUFRO Strategy 2015-
	2019. He emphasized that the challenges being faced are far bigger than
	current forest research management can overcome. Thus, the Strategy
	challenges IUFRO Divisions to work across disciplinary boundaries.

Moderators: Peter Mayer & Konstantin von Teuffel

The IUFRO Directors' Forum brings together heads of forest research institutes and deans of forest faculties, providing a platform for the exchange and development of views on the management of forest research.

The research landscape and the policy agenda dealing with forest research are becoming increasingly fragmented. Against this background, the Directors' Forum 2014 discussed how to organize, fund, and manage research in order to maintain the relevance of forest-focused research institutions. The session was moderated jointly by Konstantin von Teuffel (Baden-Württemberg Forest Research Institute) and Peter Mayer (Austrian Research Centre for Forests).

Jimmy Reaves, US Forest Service Deputy Chief for Research and Development, presented the results of a survey of heads of IUFRO member organizations in preparation for the Directors' Forum. The results of the survey reflect an expanded scope of forest research institutions from a focus on forest research to broader interests on research priorities such as climate change impacts, landscape level issues, water, and social issues. To meet these broader challenges, research institutions have also shifted from a more applied science focus to general science focus to bring to bear an integrated approach to addressing natural resources issues.

A panel of distinguished speakers then shared their perspectives: Ann Bartuska, Deputy Under Secretary for USDA's Research, Education, and Economics mission area, noted that societal interests in forests and trees, such as recreational and health effects, agroforestry, or urban ecosystems, are gaining increasing relevance, accompanied by an increasing interest of students in doing societally relevant research.

Martin Apple, President Emeritus of the Council of Scientific Society

  Advances in Large-Scale Forest Inventories to Support the Monitoring and the Assessment of Forest Biodiversity and Ecosystem Services

	Organizers: Anna Barbati (University of Tuscia, Italy), Piermaria Corona
	(Consiglio per la Ricerca e la Sperimentazione in Agricoltura, Arezzo, Italy),
	Frédéric Gosselin (Irstea, France), & Ronald E. McRoberts (US Forest
	Service)

  -07 The Social Outcomes of Community Forestry: What Do We Know and How Do We Know It?

	Organizers: Susan Charnley (US Forest Service) & Rebecca McLain
	(Portland State University, USA)

  A-12 Participatory Protected Area Management at the Human Needs and Sustainable Wildlife Conservation Interface

Organizers: C.A.M. Sylvestre Djagoun (Université d'Abomey-Calavi, Benin), Hugues Akpona (National Forest Office, Benin), Edward D. Wiafe (Presbyterian University College, Ghana), & Achille Assogbadjo (Université d'Abomey-Calavi, Benin) Moderators: C.A.M. Sylvestre Djagoun & Hugues Akpona

  Toward the Promotion and Development of a Traditional or Local Silviculture in Tropical and Subtropical Forest Regions

	Organizers: William Armand Mala (University of Yaoundé, Cameroon),
	Jinlong Liu (Renmin University of China), Steven Anderson (Forest History
	Society, USA), & Yeo-Chang Youn (Seoul National University, Republic of Korea)
	Moderator: Valentina Robiglo (CIFOR, Peru) & Emeline Assede (University
	of Abomey-Calavi, Benin)

  -23 Transitions to Sustainable Forest Management: Economic, Social, and Cultural Parameters

	Organizers: Jinlong Liu (Renmin University of China), Wil de Jong (Kyoto
	University, Japan), Yeo-Chang Youn (Seoul National University, Republic of
	Korea), & De Lu (Asia-Pacific Network on Sustainable Forest Management
	and Rehabilitation, China)

  -27 International to Local Forest Governance: Taking Stock of Theories, Methodologies and Findings

	Organizers: Lukas Giessen (University of Goettingen, Germany), Bas
	Arts (Wageningen University, Netherlands), Florian Kraxner (International
	Institute for Applied Systems Analysis, Austria), & Constance McDermott
	(University of Oxford, UK)
	Moderator: Lukas Giessen
	This session took stock of innovative theoretical, methodological,
	and empirical achievements in the broad and growing field of forest
	governance research, from the local to the global level. The high number
	of submissions to this session illustrates both the variety of empirical
	fields that may be covered by forest governance research and the intense
	scholarly activities from multiple forest science disciplines on questions
	about how forests are governed.

  -36 From Data to Knowledge, Geospatial Tools and Information Access

Organizers: Carla Heister (Yale University, USA), Dave Vanderzanden (US Forest Service), Gillian Petrokofsky (Oxford University, UK) & Kevin Megown (US Forest Service)

•

  The interactive Forest Atlas of the United States was released at IUFRO. Regardless of the domain of knowledge, from biophysical to socioeconomic, knowledge exchange and communication ultimately determine the effective application of research and subsequent benefits to humankind. This session focused on processes used to communicate and implement research findings in policies, programs, and practices for maintaining and enhancing human health and community well-being. Research findings, case studies, and program examples examined the human dimensions of sharing and using knowledge. Eight oral and seven poster presentations were followed by a panel session with rich discussion and reflection.

	A-37 Knowledge Exchange and Communication of
	Forest Research for Human and Community Well-
	Being
	Organizers: Cynthia Miner (US Forest Service), Jurij Begus (Slovenia
	Forest Service), Guy Smith (NRCan -Canadian Wood Fibre Centre), &
	Alejandra Real (National Forestry Corporation, Chile)
	Moderators: Cynthia Miner & James Johnson (USA)

• Evidence Based Forestry will provide the best science so that strong expert opinion can work to meet societal needs.

  This session examined progress in the development of payments for forest ecosystem services. Papers covered the range of options, from regulatory to market-based approaches. In some cases, cash payments are being made for the provision of ecosystem services. In others, the mandates of government organizations have been changed to recognize the value of ecosystem services but without actually generating cash payments. A number of good examples now exist, such as water rights in Australia, water and ecotourism in Vietnam, and various forms of mitigation banking,

	B-01 The Future of Ecosystem Services from Forests
	Organizers: William Nikolakis & John Innes (University of British
	Columbia, Canada)
	Moderator: John Innes

  Harald Vacik & Jose BorgesThe session explored how Decision Support Systems (DSS) are currently designed and applied for a sustained provision of ecosystem services under climate change, ranging from examples in the US and Europe, focusing on different contexts. Presenters provided an overview about the different models, methods, and techniques applied to support decisionmaking under changing environmental conditions and the challenges they have to tackle in tailoring the DSS to the needs of the decision makers. The network of 120 experts from 26 countries in Africa, America, Asia, and Europe provides a large repository of lessons learned for the design of DSS, which is shared via the Community of Practice of Forest Decision Support Systems.

	B-03 Providing Ecosystem Services Under Climate
	Change: Community of Practice of Forest Decision
	Support Systems

Organizers: Harald Vacik (University of Natural Resources and Life Sciences, Austria), Jose Borges & Jordi Garcia-Gonzalo (Technical University of Lisbon, Portugal), & Lujsk-Ola Eriksson (Swedish University of Agricultural Sciences)

Moderators:

  • Working Party 1.01.13 "Long-term research on forest ecosystem management in Northeast Asia" will organize an international workshop and invite researchers from other regions to share current research activities and develop a global network. Further work in this field will benefit from involvement of colleagues in other IUFRO Divisions (e.g., Divisions 4 and 8).

	B-05 The Benefits of Introducing the Ecosystem Service
	Concept in Forest Management and Planning at
	Different Spatial Scales
	Organizers: Sandra Luque (IRSTEA, France) & Christine Fürst (ZEF Uni
	Bonn, Germany)

•

  Because of the increasing role of rural population in forest management, multiple-use forest management systems conciliating timber harvesting and non-timber forest products are likely to increase in the future. The examples of Brazilian nuts in Brazil and Peru presented in the session suggest that logging is compatible with the production of Brazil nuts and, through canopy opening created by felling, it can even stimulate the regeneration of this tree.• Plantation in degraded deforested land can be an alternative for wood production while releasing the pressure on natural forest. However, forest plantations alone are not likely to solve the problem of deforestation nor replace highquality timber production provided by natural forests.

B-10 How Does Biodiversity Help to Manage High-Value Timber Species, and Vice-Versa? Organizers: Sheila Ward (Mahogany for the Future, Puerto Rico/USA), Emmanuel Opuni-Frimpong (Forest Research Institute of Ghana), & Nicholas Brokaw (University of Puerto Rico, USA)

  Technologies for forest management and forest engineering in mountain forests such as logging systems have been developed to fit to the local characteristics. Meanwhile, technology transfer and adaptation of the technology to the field are key issues in mountain forest management, especially in developing countries.

	B-13 Oak Regeneration to Maintain Biodiversity Around
	the World
	Organizers: Kurt Gottschalk, Brian Lockhart (US Forest Service), Aytekin
	Ertas (Istanbul University, Turkey), & Eduard Hochbichler (University of
	Natural Resources and Life Sciences, Austria)

  This session focused on new research from around the world on the range of ecosystem services provided by planted forests, the valuation of ecosystem services, and their relevance to forest management and policy. Presentations were made by nine speakers from France, Germany, Ireland, Japan, Brazil, UK, Portugal, New Zealand, and the Unites States.The first presentation covered the conclusions of the 3rd International Congress on Planted Forests held at Estoril, Portugal, in 2013. The next three papers covered individual ecosystem services (ES) -productivity, provision of habitat, and pollination services. Three papers then considered the evaluation and delivery of ES at the landscape scale, with the last of these also introducing some examples of commercial sponsorship of ES delivery. The eighth paper considered economic valuation of ES and the last looked at managing forests worldwide for provision of ESes.

	B-14 Ecosystem Services Provided by
	Planted Forests
	Organizers: Peter Freer-Smith (Forest Research, UK), Eckehard
	Brockerhoff (Scion, New Zealand), & Jean-Michel Carnus (National
	Institute for Environmental and Agricultural Science and Research, France)
	Moderator: Peter Freer-Smith

  Climate and environment changes are subjecting our forests to significant stresses, and climate change is creating a mismatch between locally adapted populations and their environments. It is, therefore, essential to understand the genetic/genomic basis of local adaptation, responses, and adaptation of forest trees to these changing climate and environmental conditions. Genomics research and technologies in conjunction with phenotypic, eco-physiological and climate data provide powerful tools and opportunities to understandthe genetic/ genomic basis of local adaptation (e.g., along different temperature and moisture gradients), responses and adaptation of forest trees to changing climate and environmental conditions, and designing assisted gene flow strategies to track changing climate conditions, thus assisting conservation and sustainable management of forest resources.

	B-16 Contribution of Genetics and Genomics to
	Conservation and Sustainable Management of
	Forests Under Changing Environmental Conditions
	Key findings:
	•

Organizers: Om Rajora (University of New Brunswick, Canada) & Wickneswari Ratnam (Universiti Kebangsaan, Malaysia)

Moderator: Om Rajora

This session explored the impacts of and future directions for forest genetics and genomics research on the genetic improvement, conservation, and sustainable management of forest genetic resources and understanding adaptation in forest trees and their responses to climate and environmental change. There were two sessions. The presentations spanned over structural, functional, and population genomics; population, conservation, evolutionary, and quantitative genetics; cytogenetics; and genetic improvement aspects of forest trees.

  Long-neglected in ecological studies, roots (and their microbial associates) are now recognized as key determinants of carbon sequestration in forest soils. This session presented new insights on root contributions to soil C, particularly linked to forest management, climate change, biodiversity, and ecosystem services.

	B-19 Forests, Roots and Soil Carbon
	Organizers: Cindy Prescott (University of British Columbia, Canada),
	Douglas Godbold (University of Natural Resources and Life Sciences,
	Austria), Heljä-Sisko Helmisaari (University of Helsinki, Finland), & Shalom
	Daniel Addo-Danso (FORIG, Ghana, & University of British Columbia,
	Canada)
	Moderator: Cindy Prescott

  Radioactive Contamination in Forest Ecosystems and Safe Uses of Forest Products

	Organizers: Masamichi Takahashi (Forestry and Forest Products Research
	Institute, Japan), Frédéric Coppin (Institut de Radioprotection et de Sûreté
	Nucléaire, France), & George Shaw (Nottingham University, UK)

  C-01 Climate Change: A Driver for Land-Use Change and Adaptive Forest Management on Six Continents

	Organizer: J.P. Skovsgaard (Swedish University of Agricultural Sciences),
	Jean-Michel Carnus (National Institute for Environmental and Agricultural
	Science and Research, France), Ronald E. McRoberts (US Forest Service),
	Tod Ramsfield (NRCan-Canadian Forest Service)

Moderator: J.P. Skovsgaard

Presenting examples from around the world, this session contrasted impacts of climate change on land-use and adaptive forest management.

  Ian Thompson & Kimiko OkabeREDD+ is being designed as a payment for forest ecological services scheme to recover forests as a climate mitigation mechanism. REDD+ can also deliver a number of ecological services, if proper safeguards are in place, including protection of biodiversity and enhancing ecosystem services other than just carbon. Further, projects implemented in areas with high poverty rates and complex social dynamics, and where local populations are particularly vulnerable to social and physical change, can cause problems unless done with careful planning. These latter two aspects require safeguards for environmental and social protection. Recently an IUFRO expert panel completed work on understanding the important relationships that exist among biodiversity, carbon storage, and people in REDD+ planning. This report highlighted the importance of understanding the mechanisms by which biodiversity is involved in carbon sequestration and storage in forests and the important role that REDD+ can play in the future for recovering and conserving forest biodiversity while maximizing the carbon storage service of forests. The purposes of this session are 1. To relate the important outcomes from the GFEP report; 2. To evaluate the results of the report toward the formulation of environmental safeguards that could help direct objectives from REDD+ projects; 3. To summarize the state of knowledge and explore common themes emerging from research in areas with high poverty rates and complex social dynamics (socioeconomic safeguards); and 4. To present a number of case studies on how social and environmental safeguards are being used or applied.

	Understanding the Relationships among
	Biodiversity, Carbon, and People for REDD+
	Forests: The Importance of Environmental and
	Social Safeguards

Organizers: Ian Thompson (NRCan-Canadian Forest Service), Kimiko Okabe (Forestry and Forest Products Research Institute, Japan), Jae Soo Bae (Korea Forest Research Institute, Republic of Korea), & John Parrotta (US Forest Service) Moderators:

  This session considered the latest research on tropical deforestation and degradation drivers, public and private sector efforts addressing these, and the identification of effective future invention options based on forest and land-use policies. It included eight presentations reporting on research conducted in numerous countries in Latin America, Africa and tropical Asia.

	Commission-COMIFAC, Cameroun), & Valarie Kapos (UNEP World
	Conservation Monitoring Centre, UK)
	Moderator: Michael Obersteiner
	C-05 Gender, Participation, and Climate Change
	Organizers: Bimbika Sijapati Basnett, Esther Mwangi (CIFOR, Indonesia),
	Peter Cronkleton (CIFOR, Peru), & Terry Sunderland (CIFOR, Indonesia)

Addressing the Drivers of Deforestation: Exploring Synergies between REDD+ and Forest Policy Organizers: Michael Obersteiner (International Institute for Applied Systems Analysis, Austria), Gilberto Camara (National Institute for Space Research-INPE, Brazil), Martin Tadoum (The Central African Forestry

  Forests, Fire, and Climate Change Dynamics

	Organizers: Bill de Groot (NRCan-Canadian Forest Service), Ainuddin
	Nurrudin (Univesiti Putra, Malaysia), Susan Conard (International Boreal
	Forest Research Organization, USA), & Pieter van Lierop (UN-FAO, Italy)

Moderator: Bill de Groot

Wildland fires burn several hundred million hectares of vegetation around the world every year. Recent research suggests a general increase in area burned and fire occurrence during the last few decades, but there is much global variability. Wildland fire regimes are primarily driven by climate/ weather, fuels, ignition agents, and people. All of these factors are dynamic and their interactions create a mosaic of varying global fire regimes. Under a warmer future climate, fire management agencies will be challenged by fire weather conditions that could push current suppression capacity beyond a tipping point, resulting in a substantial increase in large fires and a corresponding increase in wildfires causing disastrous social, economic, and/or environmental impacts. Presentations in this session focused on the latest scientific understanding of climate change and future global fire regimes, feedback to the global carbon balance, expected human and environmental impacts, and potential management strategies to mitigate negative impacts.

  Managing Forests for Fire in a Changing Climate

	Organizers: Cristina Aponte, Helen Vickers, Thomas Fairman (University of
	Melbourne, Australia), & William Elliot (US Forest Service)

  Forest Resistance and Resilience in the Face of Natural Hazards

Organizers: Alexia Stokes (National Institute for Environmental and Agricultural Science and Research, France), Frank Telewski (Michigan State University, USA), & Thierry Fourcaud

(CIRAD, France) 

  practical forest management in different climate zones that increase the size of the soil carbon pool. No specific publications are planned.

	C-16 Remote Sensing in Carbon Balance Evaluation
	and Monitoring
	Organizers: Tomasz Zawila-Niedzwiecki (General Directorate of the
	State Forests, Poland), Mathias Schardt (Joanneum Research, Austria), &
	Radomir Balazy (Forest Research Institute [IBL], Poland)
	Moderator: Tomasz Zawila-Niedzwiecki
	The session explored innovative methods for carbon assessment based
	on airborne or satellite remote sensing data. Presenters concentrated their
	interventions on the use of satellite (optical and LiDAR) data in carbon
	mapping, as well as evaluation of biomass and carbon stock (also in
	connection to socioeconomic indicators). Method for EU-wide mapping
	of growing stock/biomass via satellites was also described. Validation,
	accuracy, and precision of classifications were deeply discussed.
	Eleven posters exhibited in the general poster session were related to this
	session. They presented examples of specific applications of optical and
	radar remote sensing from different geographic locations.

• Multipurpose forms of forest management are scientifically evaluated and available for All together these presentations provided a good overview of the use of aerial-and satellite-based remotely sensed methods of biomass and carbon monitoring. While the session also considered modeling issues, this is an area of work that requires further development through integration with data from ground samples and other ground-based methods.

C-17

New Developments in the Use of Remote Sensing and National Forest Inventories for Estimation and Mapping Organizers: Gregory Reams (US Forest Service), & Kenneth MacDicken (UN-FAO, Italy) Moderator: Temesgen Hailemarian (Oregon State University, USA)

  Forest Management for Adaptation to Climate Change

	Organizers: Rodney Keenan (The University of Melbourne, Australia),
	Carina Keskitalo (Umea University, Sweden), Kalame Fobissie (WWF
	Central Africa, Cameroon), & Guangyu Wang (University of British
	Columbia, Canada)
	Moderator: Rodney Keenan
	This session focused on options for adaptation to climate change in forest
	management from ecological, social, economic, and policy perspectives
	including decision tools for adaptation to climate change and best practice
	case studies in building adaptive capacity from tropical, temperate, and
	boreal biomes. The aim was to encourage dialogue between researchers
	and practitioners.

  Forest Management Options to Tackle Climate Change

Organizers: Hubert Hasenauer (University of Natural Resources and Life Sciences, Austria), Frits G. Mohren (University of

Wageningen, Netherlands), & Jean-Luc Peyron (Ecofor, France) 

  Sustainable Management of Spruce Dominated Ecosystems in Response to Climate Change increase insect and disease risks. Consequently, climate change is likely to result in shifts in the distribution of spruce species across the northern hemisphere during the current century. The session included 6 volunteer presentations followed by discussion.

	Organizers: Phil Comeau (University of Alberta, Canada), Bill Mason
	(Forest Research, UK), & Ulf Johannson Björn Hånell (Swedish University of
	Agricultural Sciences)

Moderator: Phil Comeau

Spruce species are important in the world's northern, mountain, and temperate forests. While their wood is valued for many uses such as lumber, pulp, and energy, spruce forests also provide a broad range of ecosystem services including recreation, watershed protection, carbon sequestration, biodiversity, and habitat. While moderately shade tolerant, spruces have low tolerance to drought, high temperatures, and fire, which may become greater problems with climate change. In addition, warming climate may

  Other two papers from experimental watersheds in Turkey discussed the impacts of different management options including various intensity thinning treatments. This two-part session examined the linkages between forests and forest watershed management and water quality for rural and urban water users and consumers. New research was presented by 11 speakers from Sweden, Australia, United States, Malaysia, Costa Rica, Burkina Faso, and Thailand; as part of the session, nine posters were also presented from Brazil, Canada, Indonesia, Mexico, Poland, Sweden, and the United States.

	D-05 Managing Forests and Forest Uses to Protect and
	Provide Clean Water
	Organizers: Richard Harper (Murdoch University, Australia) & Jean-Michel
	Carnus (INRA, France)
	Moderators: Richard Harper & Jean-Michel Carnus

  Impacts of Forest Roads on Water Resources and Aquatic Habitat

	Organizers: Charles Luce (US Forest Service) & Artemio Cerdà (University
	of València, Spain)
	Moderators: Charles Luce & Carlos E. Ramos Scharrón (University of
	Texas at Austin, USA)

  Biomass cultivation and utilization are key steps on the way to a bioeconomy. Our economy is carbon-based from which most of it is of fossil origin. Since fossil resources are finite and the release of fossil carbon into the atmosphere contributes largely to climate change, science has the responsibility to react and develop potential renewable resources.

	E-01 Sustainable Biomass for Energy and Industrial
	Raw Materials
	Organizers: Viktor Bruckman (Commission for Interdisciplinary Ecological
	Studies, Austrian Academy of Sciences), Sanjeev Kumar Chauhan (Punjab
	Agricultural University, India) & Robert Jandl (Federal Research and
	Training Centre for Forests, Natural Hazards and Landscape, Austria)
	Moderators: Viktor Bruckman
	This two-part session aimed to disseminate state-of-the-art knowledge
	of sustainable woody biomass production from common woodland
	management systems, such as conventional forestry, short rotation
	forestry, and agroforestry with a focus on sustainability in context of
	changing climate, carbon sequestration and trading, and social benefits.
	The first session focused on biomass potentials, while the second
	considered valuation of bioenergy systems

However, biomass cultivation goes along with land use change that may have a great impact on the environment. Where it has a great impact on hydrology in certain dry regions, it could have large impacts on carbon stocks or biodiversity in other regions, just to name a few examples. Therefore, sustainable practices are needed in order to maintain ecological services that are inevitable for human well-being.

  E-02 Environmental Impacts of Intensive Managementof Forest Soils for Timber and Bioenergy Production.

	Organizers: Deborah Page-Dumroese (US Forest Service), Peter Clinton
	(Scion, New Zealand), Liisa Ukonmaanaho (Finnish Forest Research
	Institute), & Hailong Wang (Zhejiang Agricultural and Forestry University,
	China)

  Global forest-based industries face significant hurdles to maintaining competitiveness in the face of a dynamic competitive environment. The potential increased competitiveness through innovation has driven interest in industry, academia, and policy makers. Policy makers the world round are developing mechanisms to promote and facilitate innovation in the forest sector. The session included presentation on: the efficiency frontier based on forest ownership type, tendencies of environmentally conscious forest owners, value chain innovation, sawmill optimization, architect awareness of cross-laminated timber, innovation diffusion of biorefinery products, and factors influencing architect's specification of certified wood.

	F-01 Innovation in the Forest Sector: Maximizing the
	Sector's Competitiveness
	Organizers: Eric Hansen (Oregon State University, USA), Erlend Nybakk
	(Norwegian Forest and Landscape Institute), Lyndall Bull (Australian
	National University), & Gerhard Weiss (University of Natural Resources and
	Life Sciences, Austria)
	Moderator: Rajat Panwar (University of British Columbia, Canada)

  Contributions of Business and Marketing to aGreener Future

	Organizers: Eric Hansen (Oregon State University, USA), Tom Hammett
	(Virginia Tech, USA), & Birger Solberg (Norwegian University of Life
	Sciences)
	Moderator: Richard Vlosky (Louisiana State University, USA)

  Forestry for Desired Wood Quality and Products from Underutilized Forest Species

	Organizers: Andrew Wong (Universiti Malaysia Sarawak, Malaysia) &
	Pekka Saranpää (Finnish Forest Research Institute)
	Moderators: Robert Deal (US Forest Service) & Andrew Wong

"

  Mechanical characterization of Mexican Quercus species' wood by non-destructive means." Victor Avila Akerberg, on behalf of the absentee authors, stated that Mexico has a great diversity of species belonging to the Quercus genus, which have limited uses due to a lack of technological information, including mechanical characteristics. Sixty-seven specimens of Quercus spp. wood collected from the State of Michoacán, were tested by non-destructive methods: ultrasound, stress waves, and transversal vibration. The authors showed that non-destructive evaluation of wood is a quick and cost-efficient way to determine technological information that can aid in optimizing forest resource management."Indian sandalwood (Santalum album Linn.): an important bioresource of India and its scope of greening India." This paper by R. Sundararaj evaluated the role of emerging plantations of Indian sandalwood (Santalum album L.) outside of forests. This tree is synonymous with ancient Indian culture and gained importance as a source of scented heartwood and oil. It is a semi-root parasite and its successful regeneration requires suitable host plants and is distributed all over India. India is encouraging community and private entrepreneurs to cultivate S. album in agroforestry, farm forestry, and various agri-silvi-horticultural and mixed plantation systems based on the choice of tree growers. The authors assessed emerging mixed plantations of S. album, its role in greening India, and meeting the demand for sandal-based products."Higher value lesser know timber species from secondary tropical dry forests in Columbia." Angela Paredes mentioned that secondary tropical dry forests (TDF) resulting from anthropogenic disturbance frequently lack economic value and are continuously threatened by land-use change.

  F-16 Bio-based Composite and Engineered Products from Wood and Non-wood Forest Resources

	Organizers: Salim Hiziroglu (Oklahoma State University, USA) & Andrew
	Wong (Universiti Malaysia Sarawak, Malaysia)
	Moderator: Salim Hiziroglu & Andrew Wong

  Emerging Green and Sustainable Alternatives to Classical Wood Preservative to Protect Forest Products

	Organizers: Donatien Pascal Kamdem (Michigan State University, USA),
	Jöran Jermer (SP Technical Research Institute of Sweden), Andrew Wong
	(Universiti Malaysia Sarawak), & Nasko Terziev (Swedish University of
	Agricultural Sciences)
	Moderators: Andrew Wong & Fatima Charrier-El Bouhtoury (IPREM/
	Université de Pau et des Pays de l'Adour, France)

  G-06 Mechanisms of Tree Defense across Forest Insect Feeding Guilds: Can a Comparative Approach Help Predict Responses to Climate Change?

	Organizers: Barbara Bentz (US Forest Service) & Ken Raffa (University of
	Wisconsin, USA)
	Moderators: Barbara Bentz & Ken Raffa

  Consequences of Changing Trophic Interactions on Forest Insect Population Dynamics

	Organizers: Aaron S. Weed, Carissa F. Aoki, & Nina K. Lany (Dartmouth
	College, USA)
	Moderator: Aaron Weed
	Future land use, climate change, and nitrogen deposition may
	fundamentally alter interactions between forests and insect herbivores
	by affecting the strength and direction of feedback resulting from trophic
	interactions. Understanding how indirect effects may affect forest insect
	abundance is challenging but important for evaluating forest productivity
	and disturbance interactions into the future. Speakers in this session
	presented research describing how forest fragmentation, climate change,
	and leaf nitrogen affect species to community-level interactions that are in
	turn consequential for the population dynamics of forest pests.

  • Species-specific responses of natural enemies to forest fragmentation result in scale-dependent regulation of forest pest population dynamics.

	G-09 Ecology and Management of Invasive Wood-Boring
	Pests in a Changing World
	Organizers: Juan Carlos Corley (CONICET-INTA, Argentina), Massimo
	Faccoli (DAFNAE-Agripolis, Italy), Michael Smith (USDA-Agricultural
	Research Service, USA) & Brett Hurley (University of Pretoria, South Africa)
	Moderators: Juan C. Corley & Massimo Faccoli

  Symbiotic combinations that were reported on during this session included the fungal associates of the bark beetles infesting conifers in Mexico; the role of insects in spreading pitch canker; the spread of Fusarium fungi by the polyphagous shot hole borer (Euwallaceae spp.); the multiple different fungi that are associated with different ambrosia beetles in the Southeastern United States, where they cause bay laurel wilt; and in Korea and Japan where they cause oak wilt. Other combinations presented included a twig beetle Pityophthorus juglandis and Geosmithii morbida fungus, which can bring about the thousand canker disease of walnuts and the lethal combination of a Sirex wasp cultivating an Amylostereum fungus to kill conifers. impacts on land ecosystems; (3) quantify the ecological responses under changing climate conditions on forest ecosystems; (4) reduce uncertainties of current climate predictions; (5) identify hot spot regions where action is needed; (6) provide risk maps for forests at the regional and local scale; (7) identify suitable actions to mitigate, adapt, and manage; and (8) propose adaptations and recommendations to forest ecosystem policy and management practices.

	G-13 Modeling as a Tool for Improving the Knowledge
	on Forest Vulnerability and Risk Exposure in a
	Changing World
	Organizers: Alessandra De Marco (ENEA, Italy) & Salim Belyazid (Lund
	University, Sweden)
	Moderator: Salim Belyazid
	Modeling approaches are emerging to develop coupled biogeochemical-
	ecological models, to predict the combined effect of climate change, air
	pollution and atmospheric deposition of pollutants on forest functioning
	and biodiversity. Significant alterations in future global land-use patterns
	are anticipated, both as a result of anthropogenic changes in land use and
	management and climate-driven changes in ecosystem distribution. These
	changes in land-use and land-cover patterns may have considerable
	impacts on the climate, both through modifying the physical properties
	of the land surface (biophysical effects) and by altering the absorption or
	emission of greenhouse gases and air pollutants (biogeochemical forcing).
	The projected temperature, precipitation, and changes in atmospheric
	CO2 concentrations may alter forest distribution, productivity, carbon
	storage, and GHG fluxes. Information about land ecosystem functions and
	processes is necessary to gain an understanding of the causes underlying
	such changes and, subsequently, to model the future effects of natural and
	anthropogenic stress factors (soil moisture, temperature, GHGs) on our
	forests and derive the adaptation potential of land ecosystems to climate
	change and air pollution effects. Air pollution and climate change effects
	on forest ecosystems constitute significant scientific research fields today.
	Reliable methods are needed to identify social and economic aspects
	of individual damages toward land ecosystems and to investigate and
	quantify the sensitivity to climate change and air pollution. Furthermore,
	it is important to determine how this will affect the economic revenues of
	forest products and ecosystem service provision.

The modeling approach will help bridge the knowledge gaps in different scientific domains (air pollution, atmospheric deposition, climate change, forest impacts in terms of growth, health, yield, distribution, and biodiversity loss) in order to: (1) translate environmental observations and predictions into future scenarios, including socioeconomic implications;

(2) improve understanding of interaction between climate change, air pollutants, and

  Threats to Forest Health in North America Across Regional to National Scales and disease infestation, air pollution, fragmentation, catastrophic fire, invasive species, and the effects of climate change. Persistent forest health monitoring and assessment are critical given the potential impacts of these threats but are challenging across regional to national scales. This session presented examples of broad-scale forest health indicator data and cutting-edge methods for quantifying the status, change, and trends in indicators of forest health across regional to national scales. These data and detection monitoring approaches are relevant for understanding trends in biotic and abiotic hazard occurrence, identifying evolving vulnerability of forests to threats, and informing the appropriate selection of management practices for mitigating risk from these threats. In the United States, many data sets are available to assess the status, change, and trends in forest health across broad scales. Forest inventory and analysis data, Phase 2 standard inventory data, and additional Phase 3 ecological indicator data (initially developed by the Forest Health Monitoring national program), are particularly useful in this context.

	Key findings:
	•

Organizers: Borys Tkacz (US Forest Service) & Kevin Potter (North Carolina State University, USA)

Moderator: Kevin Potter Forests possess substantial ecological and socioeconomic importance. Both their ecological integrity and their continued capacity to provide goods and services are of concern in the face of a long list of threats, including insect

  Forest Health in Changing Landscapes: The Roles of Landscape Patterns Land use and climate change are the primary drivers of forest change and acting at different scales. Can landscape patterns be managed to mitigate forest health threats from climate change? If so, then landscape management may delay the effects of climate change. By researching the extent and cause of change, ecologists make important strides toward appreciating and adapting to our ever-changing world.

	Organizers: Kurt Riitters (US Forest Service) & Peter Vogt (European
	Commission Joint Research Centre, Institute for Environment and
	Sustainability)
	Moderators: Kurt Riitters & Peter Vogt

  Mammals and birds transport seeds from native trees anywhere from 50 to 740 m, distances greater than that separating a majority of forest patches. • Olufunke Olayode reported on the rapid decrease of native forests by 90 percent in the Gambi Forest Reserve in southwest Nigeria from 1984 to 2006. Native forest loss in the Reserve has been driven by expansion of subsistence agriculture, illegal logging and plantation establishment. David Coyle shared encouraging news about southern pine decline in the southeastern United States Spatial analysis and on-the-ground fieldwork suggest that managers can curb pine mortality. Education of landowners can improve forest practices and enhance tree vigor, making pines less susceptible to root-feeding beetles and fungi. • Kurt Riitters analyzed forest cover for the 2015 Update of the Resource Planning Act Assessment combining the National Land Cover Dataset and data from the Forest Inventory. Results show a 0.2% annual loss of total forest cover across the United States from 2000 to 2006. Cover of intact forests, defined as 100% canopy closure, declined at an annual rate of 0.7% over the same time period.

	• Tuula Kantola reported on decreasing rates of hemlock mortality in
	Appalachian forests. The Lower Linville River Watershed in North
	Carolina lost nearly 10,000 hemlock trees to mortality from the hemlock
	woolly adelgid (a sap-sucking insect from Japan). Death of new trees
	declined each year from 2009 to 2012. Surviving hemlocks and other
	tree species are happily extending branches into newly vacated growing
	space.
	Organizers: Patrick Tobin (US Forest Service) & Christelle Robinet
	(National Institute for Environmental and Agricultural Science and
	Research-URZF, France)
	Moderator: Christelle Robinet

• Rosemeri Moro presented natural fragmentation patterns in Vila Velha and Guartelá State Parks of Brazil. Both parks exhibit a mosaic of forests and grassland patches, shaped by geographic features and raging rivers. Despite the structural fragmentation the landscape is functionally connected. • G-17 Changes in Distributional Ranges in a Changing World

  Research on Pathway Risk Management and Phytosanitary Policy to Prevent Invasions of Forest Insects and Pathogens

	Organizers: Eckehard Brockerhoff (Scion, New Zealand), Andrew Liebhold
	(US Forest Service), & Jolanda Roux (FABI/University of Pretoria, South Africa)
	Moderator: Eckehard Brockerhoff

  Assistant Director for Trade and Industry, International Tropical Timber Organization (ITTO) reminded the audience of the value of research that had already been carried out but not yet implemented. This research is just as valuable as new research. He also identified a need for more research on the impact of sustainable forest management on carbon storage. Tropical biodiversity is another priority topic, especially when it comes to determining the proper type and size of forests that will ensure a good biodiversity level. Johnson concluded that it would be decisive to put values on forests in order to be able to protect them. President of the Forestry Programs for the National Council for Air and Stream Improvement) referred to the need for research on the sustainability of fiber sources. Investment in the forest sector and in forest policy is crucial, and science can help to keep such investments sustainable. Here research can contribute to understanding the roles that sustainable forest management on the one hand and industry on the other hand play in climate change mitigation strategies. Liaison Officer to FAO, International Forestry Students' Association) underlined the importance of showing youth what forestry is truly about in an innovative and attractive way. There is an identified need to encourage youth to enter the forest sector and overcome obstacles such as a lack of economic incentives, education, and awareness of jobs within the forest sector. However, clear definitions and communication of what forestry education entails are a prerequisite.

	Steven Johnson	
	T. Bently Wigley	
	(Vice-Yemi Adeyeye	Session 1 -Forest Ecology, Biodiversity, and Silviculture The first session focused on forest ecology, biodiversity, and silviculture. Many of the presentations at this session presented
		on research plant community and ecosystem responses to forest
		harvesting and how biodiversity is affected by different logging
		operations.
		Session 2 -Forest Inventory and Modeling, Forest Health, Tree
		Physiology and Genetics, Forest Operations, Engineering, Products,
		Biomass, and Bioenergy
		This session was aimed at graduated students in the fields of forest
		inventory and modeling, forest health, tree physiology and genetics,
		forest operations, engineering, products, biomass, and bioenergy.
		Since three sessions were combined, there was a large variation
		of topics presented at this session. The first presentations focused
		on modeling,\ and statistical methods, whereas the second batch
		of presentations discussed tree health and pathogens. The final
		presentations focused on forest operations.
		Session 3 -Forest Policy, Social Sciences, and Forest Economics
		At the last session, students presented their research from the fields
		of forest policy, social sciences, and forest economics. The presenters
		discussed forest ownership, community forestry, and social aspects
		of forest management. There was an abundant discussion after the
		session about how to present research and how qualitative findings
		fit in the realm of forestry that has typically been viewed as rather
		quantitative.

((

  American Association for the Advancement of Science, and the Ecological Society of America. He has been a Guggenheim Fellow and a Pew Scholar in Conservation and the Environment. He has received the Distinguished Service Award from the Society of Conservation Biology, the Marsh Prize in global ecology from the British Ecological Society, and the Kempe Price for Ecology from Sweden. He was elected an Honorary Lifetime Member of the British Ecological Society in 2013. • Chadwick Dearing Oliver, Pinchot Professor of Forestry and Environmental Studies and Director of the Global Institute of Sustainable Forestry at the Yale School of Forestry & Environmental Studies. His early work on temperate and tropical forest stand dynamics led to a major book, "Forest Stand Dynamics," in 1990, co-authored with Bruce Larson. This led to work at broader spatial scales and the Landscape Management System -a downloadable, computer-based tool for managing timber resources, wildlife habitat, carbon sequestration, and fire protection. This model had major influence on forest management dialogues at the regional and national levels in the United States and led to him testifying 11 times before the United States Congress on forest management and forest policy issues. In recent years, he has become known as a global advisor on using research to help resolve scientific, technical, environmental, and management issues at the landscape and global levels. He has ongoing research collaboration and mentoring with scientists in developing countries, including Nepal, Uganda, Ecuador, and Liberia, and works with colleagues in Mexico, India, China, Thailand, and Ukraine. He was elected a Fellow of the Society of American Foresters in 2008, was a co-winner of the Sabin Prize for best environmental entrepreneur project in 2010, and serves on the Advisory Board of the Tropical Forest Foundation.

	Don Koo Lee, Honorary Membership
	Harold E. Burkhart
	Stephen Hubbell

Richard Guldin, Distinguished Service Award

Left to right: Niels Elers

Koch, Chadwick Dearing Oliver, Harold Burkhart, Stephen Hubbell, Robert Bonnie, Richard Guldin 

  At the World Congress, awards were made for path-breaking doctoral dissertations completed within the past six years. This award is aimed at master's degree students of forest-related sciences and recognizes outstanding individual scientific achievements during university studies to encourage further work within the fields of research covered by IUFRO.

	• Jan R. Bannister Hepp, Germany/Chile
	• Susana Barreiro, Portugal
	• ShuaiFei Chen, China
	• Puneet Dwivedi, India
	• Zhun Mao, China
	• César Pérez Cruzado, Spain
	• Sandra Rodríguez Piñeros, Mexico
	• Eli Sagor, United States
	• Huei-Shing Sik, Malaysia

• Ben Cashore, United States/Canada • Richard Hamelin, Canada • Christopher Harwood, Australia • Shibu Jose, United States • Robert A. Kozak, Canada • Aino Anniki Mäkelä-Carter, Finland • Jolanda Roux, South Africa • Giuseppe Scarascia Mugnozza, Italy Outstanding Doctoral Research Award (ODRA) Chadwick Dearing Oliver Left to right: Alexander Buck, Niels Elers Koch, Sally Aitken, Jürgen Bauhus, Benjamin Cashore, Richard Hamelin, Christopher Eric Harwood, Shibu Jose, Robert Kozak, Aino A. Mäkelä-Carter, Jolanda Roux, Guiseppe Scarascia, Renate Prueller, Shirong Liu Student Award winners gathered in their sub-plenary session IUFRO Student Award for Excellence in Forest Science (ISA) • Julius Adewopo, United States/Nigeria • Tolulope Daramola, United States/Nigeria • Md. Mohitul Hossain, Bangladesh • Sharif Ahmed Mukul, Bangladesh • Mika Yoshida, Japan • Ivana Zivojinovic, Serbia

  Prize is awarded annually for a unique research breakthrough that has had or is likely to have a major impact on the forestry and forest product industries. The prize is 2 million Swedish Crowns and is awarded to one or a small group of scientists. It is an international prize that, beside recognition of the laureate(s), has the intention to stimulate young scientists to engage in forest sector research. The prize is awarded by the King of Sweden at a glowing ceremony in Stockholm that is followed by a seminar on the topic of the winner. Details of procedures and past winners are shown at www.mwp.org.The shelterbelts are essentially required in the arid and semiarid regions of the world. They also are required in both tropical and temperate conditions to normalise the environmental impacts on crops, microclimate change, crop growth, and conservation of water, soil, biomes, birds, and microbes; also they provide shelter for birds, wild animals, butterflies, honey bees, and other creatures in and around them. Hence it is an event to encourage the the scientific community to motivate the issues at the farmer level, whether community-based or as an official programme as in Canada. Global promotional events are essentially required. for Tropical Agriculture (CIAT) is one of the 15 CGIAR centers headquartered in Colombia. The photo book launch as part of IUFRO's side event will be part of CIAT's Forests, Trees, and Agroforestry integrating gender (FTA Gender). CIAT's FTA is taking an initiative to do science with a difference -publishing a photo book as an output of the International Photo Competition 2014 on "Forest-Agriculture Interface through a Gender Lens." The photo book will be a key output of our photo competition with 100 photos that best showcase (success and failure) of forest-agriculture interface with gender as a cross-cutting theme across the globe. For details kindly check this blog http://dapa.ciat.cgiar.org/ international-photo-competition_purabi-bose/ Shared data and models on the Internet can be combined with automated workflows to perform complex computational tasks. In this showcase the BioVeL project demonstrates the use of workflow technology in ecological niche modeling of forest pests, carbon modeling with the Biome-BGC model, and accessing and sharing data through GBIF and GEOSS.Open Foris is an FAO-led initiative to develop and share tools and methods for forest monitoring. These tools support countries in gathering, analyzing, and disseminating reliable information on the state of forest resources. Emphasis is placed on building sustainable capacity through free sharing of all tools and methods, documentation, and source-code, thus promoting self-sufficiency, transparency, and vendor independence. Open Foris tools are available for everyone without restrictions. Therefore the initiative also supports educational and research institutions as they can apply the tools and even develop them further. Practical examples of Open Foris applications will be presented. FLR) aims to improve both ecological integrity and human well-being. To this end, a group of IUFRO scientists has developed a framework to demonstrate how FLR can contribute to climate change mitigation and adaptation. This communication tool should help decisionmakers to build resilient landscapes and learn how climate objectives can be addressed through FLR. The results presented in this side event are based on the work of a collaborative project between the World Resources Institute and IUFRO funded by the German Ministry of Environment.

	Friday, 10 October -Side Events		
	Title	Organizing Institution	Event Lead	Description of Event
	Shelterbelts' Roles, Functions, and Climate Change Options to Combat	University of Agricultural Karnataka, India Dharwad, Sciences,	Shivanna Honnurappa	
	Marcus Wallenberg Prize Informational Session The Marcus Wallenberg Tropical Forests, Marcus Wallenberg Prize Committee Sweden Kaj Rosen and Jeff Burley Connecting the World through Sustainability International Tropical Timber Takeshi Goto and Ramon Carrillo Interactive panel discussions highlighting the contribution of forests to sustainability of humankind and its interconnections at a global level, including provision of goods and services, mitigation and adaptation to climate change, local livelihoods and their contribution to national economies, interconnected Gender Lens Photo Book Launch CGIAR Purabi Bose The International Center Web Services Organization timber markets, and trans-boundary conservation. A special section will be devoted and Workflows in
	Biodiversity and	BioVeL	Hannu Saarenmaa	to the ITTO-IUFRO-FORNESSA project in West Africa.
	Ecosystem Science: A			Numerous meetings on forests and water have taken place during recent
	Forests and Water -International Momentum and Action Technology Showcase Practical Issues in Implementing Uncertainty Analysis FAO Open Foris Initiative: Free Tools for Forest Monitoring	Food and Agriculture Organization of the United Nations; IUFRO, ICRAF, and the Weyerhaeuser Company Quantifying Food and Agriculture Organization of the United Nations Uncertainty in Ecosystem Studies (QUEST), a Research Coordination Network	Thomas Hofer Danilo Mollicone Ruth Yanai, David Paré, and George Gertner	years, the recommendations of which have been synthesized in an FAO publication entitled "Forests and Water: International Momentum and Action." Based on this publication, an international expert group met in Kunming, China, from 24 to 26 March, 2014, and developed a concrete five-year forests and water agenda. During the side event the agenda will be officially presented and further fleshed out from the scientific perspective. Also the building blocks for a forest and water event scheduled to take place at the World Forestry Congress in 2015 in Durban will be finalized. We will discuss the decisions required in implementing uncertainty analyses and the compromises required when dealing with real-world applications. Do we need a true value to report error? What error term is relevant (uncertainty in an individual prediction, uncertainty in a mean)? What should we do when the magnitude of some sources of uncertainty is unknown? Forest landscape restoration (
	Forest Landscape			
	Restoration as a Strategy for Mitigating and Adapting to	IUFRO and World Resources Institute	Michael Kleine	
	Climate Change			

  Workshop 2: Communicating Forest Science: Making Science Work for Policy and Management

	The results of Knowledge
	Café show that the
	previous training sessions
	on communication of
	research, the science-
	policy interface, GFIS, and
	research methodology
	were relevant and
	addressed needs in the
	participants' countries.
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	A total of 341 applications DATE IUFRO UNIT # DATE IUFRO UNIT #	NAME OF IUFRO UNIT NAME OF IUFRO UNIT	CONTACT PERSON CONTACT PERSON
	were received and 1.01.07 8.02.04	Ecology and Silviculture of Beech Ecology of Alien Invasives	Palle Madsen (Dep.) R. K. Kohli
	evaluated. Factors	1.01.12 9.01.03	Silviculture and Ungulates Extension and Knowledge Exchange	Thomas Rooney Jurij Begus
	considered include scientific achievements 1.02.05 9.01.04	Silviculture and Management in Arid and Semi-arid Regions Latin American and Caribbean Information Systems Network	Santiago Barros Santiago Barros
	of the applicant, whether 1.03.00 9.03.00	Short-Rotation Forestry Forest History and Traditional Knowledge	Sanjeev K. Chauhan Mauro Agnoletti
	the applicant was an 1.04.00 9.04.03 award recipient, and financial need. 1.06.00 Tuesday, 7 October 9.05.00	Agroforestry Ecological Economics Restoration of Degraded Sites Forest Policy and Governance	August Temu Yeo-Chang Youn John Stanturf Margaret A. Shannon
		2.04.01 9.05.08	Population, Ecological, and Conservation Genetics Forest and Natural Resources Policy and Governance in Latin America and the	Om P. Rajora Ronnie De Camino Velozo
		3.03.00	Forest Ergonomics Caribbean	Yozo Yamada
		9.07.00	Forest Sector Analysis	Birger Solberg
		3.04.00 4.01.05 GFEP 4.03.03 TF Biodiversity	Forest Operations Management Process-Based Models for Predicting Forest Global Forest Expert Panel: Forests and Food Security Growth and Timber Quality Technologies Information Management and Information Biodiversity and Ecosystem Services	Woodam Chung Bhaskar Vira Oscar Garcia Harald Vacik (Dep.) E. Brockerhoff
	5.02.00 IUFRO DIVISION MEETINGS	Physiomechanical Properties of Wood and Wood-Based Materials	Xiping Wang
	Tuesday, 7 October DATE	5.03.00 IUFRO UNIT #	Wood Protection NAME OF IUFRO UNIT	Andrew Wong (Dep.) CONTACT PERSON
		5.06.00 Division 1	Properties and Utilization of Plantation Wood Roger Meder Silviculture Bjorn Hanell
		5.07.00 Division 2	Biorefinery Physiology and Genetics	Dominique Lachenal (Dep.) Yousry El-Kassaby
		5.10.00 Division 3	Forest Products Marketing and Business Management Forest Operations Engineering and Management	Eric Hansen Hans R. Heinimann
		5.10.01 Division 4	Wood Culture Forest Assessment, Modeling, and Management	Howard Rosen Margarida Tomé
	Friday, 10 October	5.11.00 Division 5	Non-Wood Forest Products Forest Products	T. Hammett & J. Chamberlain Andrew Wong
			Forest Recreation, Landscape and Nature	
		6.01 & 6.02 & 6.03 & 6.04 Division 6 & 6.10 Division 7	Conservation & Landscape Planning and Management & Nature-Based Tourism & Social Aspects of Forests and Forestry Nature Conservation and Protected Areas & Rural Development Forest Health	Tuija Sievänen Frank Søndergaard Jensen Eckehard Brockerhoff
		6.07.00 Division 8	Urban Forestry Forest Environment	David Nowak Jean-Michel Carnus
		6.08 & 6.09 Division 9	Gender and Forestry; & Improving Education and Further Education in Forestry Forest Policy and Economics	Gun Lidestav & Siegfried Lewark Daniela Kleinschmit
		7.01.04	Impacts of Air Pollution and Climate Change on Forest Ecosystems -Genetic Aspects	Om P. Rajora
		7.02.00	Pathology	Jolanda Roux
		7.03.00	Entomology	Andrew Liebhold

  Organizers worked with a contractor, Western Leisure, to offer two post-Congress sightseeing tours, and the International Wood Culture Society also organized a post-Congress tour. These tours visited national parks in Utah and Wyoming. Delegates were able to purchase seats on these tours through the contractor's website.There were 83 accompanying persons registered at the Congress. This registration type allowed these accompanying persons to select a day tour, attend the In-Congress tour, and attend the ceremonies and receptions of the Congress.Organizers contracted with a local company, Western Leisure, to provide accompanying persons program tours. Delegates were also able to purchase tickets for these local sightseeing opportunities.

	IC-22 Exhibitor Listing Aspen in Logan Canyon: Historical Impacts and Modern Indicators Organization Name Organization Name	Forest Service Logan Ranger District Office; Tony Grove; Limber Pine Trail Booth Number(s) Logan Canyon Booth Number(s) Organization Name 8:15	18:30	Paul Rogers Booth Number(s)
	IC-23 Aervoe Industries, Inc. Forest Assessment, Inventory; and Monitoring New Forests: Forest Carbon Partners Logan Canyon/Ogden 412 1106 Valley Bronze Sponsors AllPoints GIS 1221,1320 NFPA -National Fire Protection Association 713	Tony Grove; Beaver Ski Area; Trimble Navigation Ltd. Bear Lake Overlook; Randolph; Monte Cristo Overlook 8:15/9:00 19:15/20:00 John Shaw 911, 1010 Union of Concerned Scientists 1213
	American Forest Management, Inc. North Carolina State University		806 614		University of Arkansas at Monticello	1138
	IC-25 American Forests Forest Health in Northern Utah North Point Geographic Solutions IC-26 Forest Operations and Management in Northern Utah IC-27 American West Heritage Center (Not Scientific) ArborGen Arborjet Northern Arizona University, School of Forestry Logan Canyon/Bear Lake 406 709 Logan Canyon/Bear Lake Logan Canyon 1120 528 932 Omics Publishing Group 1028 Association of British Columbia Forest Professionals Opti-Sciences, Inc. 605, 607 631 Baton Rouge: 2015 SAF Convention Oregon State University 100, 1215, 1314 Tony Grove Lake; Beaver Ski Area; Bear Lake Overlook; Immigration Pass; Dayton Plantation University of British Columbia, Faculty of Forestry 6:30 19:15 Logan Canyon; Bear Lake Overlook; Treatment Areas; Jensen Lumber Company 6:30 16:30 American West Heritage Center 10:00 18:30 University of Idaho University of Maine University of Montana 1122 Ben Meadows Peace Corps University of Washington 1322 1000,1002 Bioversity International 417 Phos-Chek (ICL Performance Products LP) 816 US Department of Agriculture -Research, Education and Economics Mission Area Birmingham Institute of Forest Research 534 Cal Poly State University -NRES Plum Creek 120 PP Systems USDA Forest Service -Forest Health Technology Enterprise Team 500 525 Campbell Scientific 516 Purdue University 903 USDA Forest Service -Forest Inventory and Analysis	629 Barbara Bentz Mike Battaglia 1207,1209 533 1222 423 405, 407, 504, 506 N/A 831 828
	DESTINATION CATIE/ RIABM RECOFTC -The Center for People and Forests Center for International Forestry Research Chinese Academy of Forestry Colorado State Forest Service Regional Forest Research Networks (APAFRI, CATIE, FORNESSA, NEAFF) RELASKOP-TECHNIK Remsoft Inc.	522 922 1103,1202 901 108 611 702 804		# OF PARTICIPANTS USDA Forest Service -National Library USDA Forest Service -Remote Sensing Applications Center USDA Forest Service -Research and Development	1017 830 833, 835
	Yellowstone, Tetons, & Jackson Hole Construction Safety Products Routledge / Taylor & Francis	414 1019, 1021		USDI Bureau of Land Management	25	301, 400
					Celebrating 30 Years
	National Parks Spectacular CSIRO Publishing D.R. Systems, inc. SAF Foresters' Fund & Science Fund	612 1117 317, 319, 321, 416, 418, 420	17 Utah Department of Natural Resources of Volunteers	1029, 1031, 1130, 1128, 1132
	International Wood Culture Society Tour Accompanying Persons/Local Sightseeing Program Decagon Devices, Inc. 501 Designers and Forests Simosol Oy 717 Society of American Foresters 303, 305, 402 404 437 Eagle Digital Imaging, Inc. Soil Science Society of America 1218 914 ECI -Environmental Consultants, Inc. 102 Spectral Evolution 1223	24 Utah State University, Quinney College of Natural Resources Virginia Tech Waveland Press, Inc.	518 432 705
	Electronic Data Solutions Spectrum Technologies, Inc.		801 927		WERC	707
	Elsevier BV Springer		712 1001, 1003		West Virginia University	419
	DESTINATION Esri Stephen F. Austin State University Sustainable Forestry Initiative, Inc. Swedish University of Agricultural Sciences	807, 809, 811, 813, 900, 906, 908, 910, 1100 1102 912 513	Western Aspen Alliance -Utah State University Western Forestry Leadership Coalition # OF PARTICIPANTS	714 1020
	Utah Olympic Park and Park City F4 Tech Tajfun USA		810 ,812 711		Weyerhaeuser Company	34	124
	Antelope Island, Great Salt Lake, & Ogden Finite Carbon TD Bank Group Great Salt Lake and Salt Lake City Forest Biometrics Research Institute The Finnish Forest Research Institute (Metla) Foothills Research Institute (FRI) The Davey Tree Co.	1211 323, 422 510 1007 1123 118		World Agroforestry Centre (ICRAF) World Wood Day Foundation	63 100	1101,1200 1116
	Gardens of Salt Lake Forest History Society		703			31
	Forest Metrix		905		
	Snowbird Resort & Tram Forest Practices Board		630			48

IUFRO Vice-President Su See Lee shared her thoughts on leadership and forest science with IFSA students IUFRO Board Member John Innes mentors a group of IFSA students Delegates enjoy the western themed Farewell Gala Post-Congress Tours
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El XXIV Congreso Mundial de la Unión Internacional de Organizaciones de Investigación Forestal (IUFRO) bajo el lema "Sosteniendo Bosques, Sosteniendo la Gente: El Papel de la Investigación" juntó a 2,500 científicos de más de 100 países, y 1,300 profesionales forestales de Norteamérica y ofreció una plataforma única para presentar y discutir las demandas actuales y futuras de investigación mundial en la ciencia forestal. El Congreso exploró el papel de la ciencia en el desarrollo de medidas prácticas para fomenter la resiliencia de los bosques y su capacidad de suministrar los beneficios medioambientales, económicos, sociales, culturales, espirituales y de salud que sostienen las sociedades rurales y urbanas en todo el mundo.En base a este Congreso Mundial, IUFRO se compromete a extender e intensificar sus esfuerzos de desarrollar y promover soluciones integrales para abordar los desafíos económicos, sociales y medioambientales entrelazados que tenemos que enfrentar juntos. Estos esfuerzos también servirán para informar las discusiones que tendrán lugar en el año 2015 durante el XIV Congreso Forestal Mundial y en otras reuniones importantes, como el Foro de las Naciones Unidas sobre Bosques, que van a promocionar los esfuerzos continuos hacia una agenda de desarrollo coherente e integral después de 2015.
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This sub-plenary session provided an interdisciplinary showcase for research that is at the forefront of the drive to understand and manage forest biological diversity as a provider of vital ecosystem services to humanity during the current century of global change.
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PRE-CONGRESS TRAINING

IUFRO 2014 World Congress Proceedings //

IUFRO World Congress Program Summary Report // KSL-TV provided in-depth written and television coverage of the Congress
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Lederle was IUFRO Congress Project Specialist. She is a Program Specialist on the Inventory, Monitoring, and Assessment Research Staff, deeply grateful for the countless hours and the dedication, persistence, and attention to myriad details contributed by Jennifer Hayes, IUFRO Project Manager, and Daryl Lederle, IUFRO Project Specialist. and counsel along the way. We also want to recognize the contributions by leaders and staff of the Society of American Foresters and Canadian Institute of Forestry: Recent SAF Presidents, notably Michael Lester (2010), Roger Dziengeleski (dedication to ensure a diverse, robust, and high-quality scientific program: John Parrotta (Chair); Jens Peter Skovsgaard (Division 1); Yousry El-Kassaby (Division James Johnson (Division 9); Lisa Hansen (International Forestry Students Association); Su See Lee (Vice President); Mike Wingfield (Vice-Presidentsessions, whose efforts ensured a high-quality and successful Congress scientific program.

PRESIDENT'S DISCUSSION

President's Discussion -Emerging Issues in Forest Policy and Practice: Input from Stakeholders to the Science Community The President's Discussion is a valued feature of IUFRO World Congresses. The topical focus is chosen by the current IUFRO President. The focus this time was on identifying emerging issues in forest policy and practice together with stakeholders.

Recognizing the fact that research needs to be tailored to stakeholder requirements, IUFRO President Niels Elers Koch, as session moderator, invited a diverse panel of stakeholders to engage in a dialogue with the audience. Panelists included Jürgen Blaser (Swiss Development Cooperation), Tukka Castrén (The World Bank), Teresa Magro (University of São Paulo), T. Bently Wigley (National Council for Air and Stream Improvement), Steven Johnson (International Tropical Timber Organization), and Yemi Adeyeye (International Forestry Students' Association).

The session started with a keynote by Robert Bonnie, Under Secretary for Natural Resources and the Environment, United States Department of Agriculture. He highlighted the complexity of emerging issues, such as forest restoration and the increasing demand for forest-based goods and services against the background of global change. He underlined the scientific community's role in informing related discussions and refereeing them. In addition, he placed particular emphasis on the role of markets, pointing out that forests must provide value to people who own them, manage them, and live around them.

Jürgen Blaser

(Global Adviser on Forests to the Swiss Agency for Development and Cooperation; Professor of International Forestry and Climate Change at Bern University of Applied Sciences, School of Agricultural, Forest, and Food Sciences) presented a list of four crucial global challenges: the need for forests to provide material for the world's growing population; climate change; the loss of ecosystem services; and the occurrence of extreme events. Actually, these global challenges have not changed in the past decades. However, new "tactical approaches" have emerged, which promise to help address these challenges more effectively. One of these tactical approaches is the restoration across landscapes, based on more integrated governance arrangements across sectors and land uses.

Tuukka Castrén

(Acting Forestry Advisor, World Bank) focused his talk on poverty reduction. He stressed the importance of forests and forest research for the eradication of extreme poverty and the promotion of shared prosperity. Castrén also addressed the need of scaling up success stories in order to be able to implement such best practices in different places.

Teresa Magro

(Professor for Protected Areas Management, University of São Paulo) talked about the main research issues regarding recreation and tourism and their effects on protected areas. There is a great need to learn more about the impact of recreational activities on forests, for example. Magro also stated that with the growth of urban populations, forest visitors had less knowledge about the forest and did not recognize the value of recreational areas or ecosystem services that forests provide. However, taking into account the actual value of recreation as an ecosystem service is important, especially because local communities should benefit from the activities offered in recreational areas.

In all activities, forest research must not only ask the right questions, but it also needs to point at solutions. Global Forest Information Service (GFIS)

IUFRO BOARD

• Eero Mikkola, Finland World Forests, Society and Environment (WFSE)

• Pia Katila, Finland Global Forest Expert Panels (GFEP) The US Extension Foresters welcome extensionists who are attending the IUFRO World Congress to a forum to meet and discuss opportunities and challenges in translating forest science into action by landowners and natural resource professionals.

Side Events

IUFRO Congresses provide a unique opportunity for partners and relevant forest-focused organizations to host side events, as thousands of people interested in forests are gathered in one place. These events showcase new technologies and tools, provide opportunities for organizations to get feedback on new products or strategies, allow for planning and information sharing, and provide another pathway to share research.

Congress organizers provided an opportunity for organizations and other groups to hold side events through an open call for proposals. A total of 25 side events were accommodated.

Thursday, 9 October (Cont.) -Side Events A workshop to introduce the e-learning course "Trade in forest commodities and the role of phytosanitary measures" and provide the examples of its implementation in different regions in the world. The course contains five modules covering everything from the possible threats to forest health associated with international trade to what information is needed to safely import/export forest products. The e-learning course was based on the "Guide to implementation of phytosanitary standards in forestry" developed by FAO and its partners in collaboration with the International Plant Protection Convention (IPPC). In addition there will be a presentation on abiotic factors affecting the forest health and possible remedial actions.

ITTO and CITES Collaboration to Sustain Tropical Tree Species

International Tropical Timber Organization Steve Johnson

The International Tropical Timber Organization (ITTO) and the Convention on International Trade in Endangered Species (CITES) have been collaborating for nearly a decade to assist countries to improve management of tropical tree species listed in the CITES Appendices. This event will review progress achieved by this collaborative program throughout the tropics.

Enabling Productive Uses of Forests that Reduce Poverty, Create Jobs, and Build Resilience

PROFOR -Program on Forests

Diji Chandrasekharan Behr and Tuukka Castren

Productive uses of forests can contribute to growing local, national, and regional economies. We need to seize opportunities for expanding the contribution of productive uses of forests to green, inclusive, and resilient growth. Join a panel of experts to learn more about these opportunities and the potential contribution of forests, and to discuss how we can collectively engage in this area of work.

Celebrating 20 years of FSC Impacts on Forests and People Forest Stewardship Council Anakarina Pérez Oropeza FSC is celebrating 20 years of continuous efforts to find solutions that benefit people and forests worldwide. In this session FSC and keynote speakers will share experiences and findings highlighting FSC's impacts globally over these two decades.

Bioeconomy and the Forest Sector -An Overview Nordic Forest Research (SNS) and Scandinavian Journal of Forest Research

Mats Hannerz

The seminar gives an overview of the bioeconomy concept by reviews of social challenges, policy issues, biological constraints and options, and industrial innovations. The qualified speakers have summarized their fields in a special journal issue, launched at the seminar.

Wood Culture Technical Session

International Wood Culture Society Howard Rosen

This special evening session will continue with the theme of Session 5 -Wood and Forest Culture: merging the past with the present. The session will include several technical talks, a general talk about World Wood Day programs around the world, as well as artisans doing craft demonstrations. The meeting will summarize the outcomes of the 3rd International Congress on Planted Forests 2013 (ICPF), explore the views of the private forestry sector, and discuss options for further collaboration with IUFRO.

Community Events

Key partners in the greater Salt Lake community took advantage of the Congress to develop a suite of diverse, meaningful activities to engage community members and organizations around the topic of forests. While these events were not sponsored by IUFRO, they were coordinated with the COC. The public engagement efforts were funded by a grant from the US National Science Foundation's Ecosystem Program, with the objective of having the IUFRO Congress community-engagement effort serve as a model for other scientific meetings and scientists to carry out public engagement about the content and importance of those meetings.

Community events included:

• Viewing of the film "Once upon a Forest" at the Utah Film Center, followed by a panel discussion consisting of three forest scientists (two from IUFRO, one from University of Utah), who led a rich discussion of policy and sentiment afterwards. (300+ in attendance)

• Broadcast of a radio program -Radio West, KUER -on the relationships between trees and humans, and about the IUFRO Congress.

• Poetry Slam (Mestizo Coffee House) on the topic of forests. (40+ in attendance)

• Bilingual book reading about the importance of forests and trees at an independent bookstore. (50+ in attendance)

• Bilingual promotional flyers (Spanish & English) about these events and the Congress were posted in over 100 community locations.

• A Tree Art Display at the public library and tours to a local natural area were organized.

In addition to these events, the Mayor of Salt Lake City requested a "think-tank" type meeting on the topic of urban forests. On Thursday during the Congress, leading urban forest researchers and managers participated with Salt Lake City employees, staff from various universities, and local community members for a rich discussion around Salt Lake City's current programs and potential future strategies. The topic of university versus public institution roles in forest research and science was also discussed.

Friday, 10 October (Cont.) -Side Events TmFO aims to assess the impact of logging on forest dynamics, carbon storage, and tree species composition at the regional level in the Amazon basin, Congo basin, and Southeast Asia. This side event will present this new forest observatory as well as the first results of the research and will give participants the opportunity to share ideas and their experiences of this issue.

Developments and the Way Forward: Establishment of the International Union of Agroforestry

World Agroforestry Centre (ICRAF) Margaret Kroma

The establishment of an International Union of Agroforestry (IUAF) was proposed and approved in Delhi, India, in February 2014 at the World Agroforestry Congress. To formally establish the IUAF, discussions around finalization of a charter and development of requisite institutional infrastructure and resource mobilization mechanisms are necessary. The purpose of the meeting is to engage professionals in the wider community of interest in agroforestry for input of constructive ideas and actions toward these ends.
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Making the Most of the Congress

This first session of the Congress on Sunday, 5, October 2014, provided Congress first-timers with guidance on how to make the most of their time at the Congress. The program included presentations about the scientific program and other Congress events, facilities available at the Salt Palace Convention Center, as well as best practices for networking and information exchange.

IUFRO Business Sessions

IUFRO Business Sessions were individually or jointly organized by IUFRO Research Groups, Working Parties, Task Forces and Special Programs. These sessions were intended for administrative and organizational issues of the respective IUFRO units (e.g., to plan activities for the upcoming IUFRO term, discuss unit leadership issues). 

RESEARCH GROUP AND WORKING PARTY MEETINGS

Tours

SPONSORS AND EXPOSITION

Sponsors

Congress organizers and IUFRO are incredibly grateful for our sponsors, who helped make this Congress possible. There were 29 organizations and businesses that sponsored the Congress and an additional 7 who contributed specifically to the IUFRO Special Programme for Development of Capacities.

Diamond Sponsors

Gold Sponsors

Platinum Sponsors

Research, Education and Economics

Sponsors and Exhibition

// 

Trade Exposition

The Trade Exposition, which was held jointly with the Society of American Foresters/Canadian Institute of Forestry, housed 127 different organizations, businesses, universities, and publishers who shared their tools, technologies, products, and information with delegates. The centerpiece of the Hall was the US Forests booth, which was constructed using sustainable materials and showcased wood product technologies and provided a wealth of information on forest issues and innovations in the US There was also a cluster of vendors sharing geospatial information services, anchored by Esri, our Diamond Sponsor. This "neighborhood" was an effective center of learning. 

DELEGATE INFORMATION

Delegate Information

The final attendance count for the 2014 IUFRO World Congress was 2,492 delegates from 100 countries. Our partners, the Society of American Foresters and the Canadian Institute of Forestry, brought an additional 1,300+ delegates to their co-located meeting, much of which was held jointly with the Congress from Thursday through Saturday. The following demographic graphs show only the IUFRO World Congress delegates and do not include the other co-located event attendees (SAF/CIF) or exhibitor attendees.

The COC put special emphasis on reaching out to potential delegates from Latin America (from Mexico to Chile and Argentina). The Communications Sub-Committee created "save the date" cards in Spanish, and most pages of the Congress website were translated into Spanish. Further, advertisements were placed in newsletters. Organizers received assistance from CATIE, host of the 2013 regional IUFRO Congress for Latin America, in disseminating information about the forthcoming World Congress throughout Latin America. While the CSC set a policy of using English as the language for abstracts, posters, and projected slides, oral presentations could be made in Spanish or other official IUFRO languages. Support staff in the Speaker Ready room were available to assist delegates with translating slides into English.

The COC was pleased with the number of delegates attending from developing countries and countries in transition. About 20 percent (121) of the delegates from these countries were supported by the Scientist Assistance Program.