


BACKGROUND AND OBJECTIVES

Climate change is one of the most challenging issues for global forests at present. Forests are strongly affected by climate change while at the same time healthy and well-adapted forests are instrumental in the fight against climate change. This TF aims at improving our understanding of the processes regulating the interactions between forests and climate in order to address how forest ecosystems can be made more resilient against climate. The multi-faceted aspects of these interactions pivot around forest health, with focus on nitrogen and ozone pollution, insect attacks, increased temperature and drought, and the carbon balance. 
The TF is divided into three pillars (Effects, Adaptation, Mitigation). Each pillar is divided into modules, with one leader and several members. Each module will deliver an authoritative review (state-of-science) paper within two years, for publication in a highly-recognized journal. Every module is encouraged to include socio-economic remarks at the end of the paper. A comprehensive final report will be prepared in form of position paper by integrating all modules and pillars. 
Effects Modules   –   Adaptation Modules   –   Mitigation Modules
Effects modules

Climate influences the structure and function of forest ecosystems and plays an essential role in forest health. A changing climate may amplify many of the threats to forests, such as air pollution, pests, wildfires, drought, floodings, windstorms as well as invasive alien species. IUFRO officeholders have identified the following priorities for filling the gaps of knowledge on climate-forests interactions.

E1. Supersites for Superior Forest Science 

Leader: Rainer Matyssek (WP 7.01.02 C, TUM Freising, Germany, matyssek@wzw.tum.de), 

Predicting how climate change is interacting with forests requires integrated monitoring, research and modelling. Forest Supersites are global operational platforms to be established by networking and upgrading existing highly-equipped sites. This concept was developed within the COST Action MaFor and could be further applied in the COST Action PROFOUND. This module will continue the discussion on: integrating experimental, monitoring and modelling assessments at key forest sites with a large-scale and long-term perspective; linking the largely unrelated research on climate/global change and air pollution effects on forest ecosystems; establishing mechanistic understanding of inter-related feedbacks between CC, air pollution and forest ecosystem response to better inform science-based risk assessment and management practices; applying and developing state-of-the-art analytical instrumentation for field research; integrating research concepts that analyze ecologically and/or economically relevant types of forest ecosystems across continents and hemispheres under the prevalent combined CC and air pollution scenarios; building global networks and coordination structures that facilitate collaboration in defining and conducting envisioned research and harmonizing methodological infrastructures.
E2. Effect of nitrogen deposition on forest structure and diversity 

Leader: Cristina Branquinho (WP 7.01.07 DC, Univ Lisboa, Portugal cmbranquinho@fc.ul.pt),

Nitrogen (N) pollution is widely recognized as one of the major environmental concerns related with anthropogenic activities of the last decades. At a planetary scale, human processes convert more atmospheric N into reactive forms than all the Earth’s natural processes combined, significantly perturbing global cycling of the element. Due to the low use efficiency of the applied N, a large part of this new reactive N ends up in the environment, accumulating in terrestrial and aquatic systems and polluting the atmosphere. Reactive N is recognized as a main driving force affecting biodiversity across the whole range of different ecosystem types, by driving the competitive interactions that lead to composition change and/or making conditions unfavorable for some species. Species composition of communities and structure and functioning of ecosystems are changing with increasing N. This change sometimes is not reflected in total species richness but is certainly reflected in functional diversity and the ecosystem structure. Ecosystem services are dependent on ecosystem processes which in turn are associated with functional diversity. So understanding the changes that occur in forest functional diversity with increasing N might leads to understand the trade-offs between ecosystem services provided by forest subject to N pollution. Biodiversity is simultaneously the target and the indicator of the effects of N in forest ecosystems. Understanding how biodiversity reacts to increasing nitrogen and how this affects forest ecosystem resilience and forest ecosystem services may lead us to the development of integrated ecological indicators of the effects of N in biodiversity. The main objective of this module is to understand how N deposition changed the structure and function of global forests by looking to the changes observed in functional diversity of the several taxa that use the forest habitat.

E3. Lichens—the ´Health-O-Meter´ of Forests 

Leader: Linda Geiser (Forest Service, USA, lgeiser@fs.fed.us), 

Air pollution, CC, and land use changes threaten forest health, resilience, and economic value. How can policy makers and forest managers evaluate the effects of changing conditions on forest ecosystems and find out whether adaptive management activities are succeeding? They need metrics, indicators, and easy to apply tools to monitor both current status and long term effects of management activities. This module reviews current and emerging methodologies for monitoring forest health using lichens and how to use that information in management and decision-making. A further aim is to enable citizen scientists to understand environmental issues and contribute to monitoring efforts.
E4. Ozone impacts on forest ecosystem services 

Leader: Elena Paoletti (RG 7.01 C, CNR Italy, elena.paoletti@cnr.it), 

Reforestation and afforestation have been documented to be a cost-effective measure for reducing ground-level ozone, a toxic component of smog that contributes to the deaths of about 152,000 people annually worldwide as well as being a key greenhouse gas. This module will develop state of the art modelling approaches to simulate stomatal ozone uptake by global forests and how this affects major ecosystem processes, carbon dynamics, and forest ecosystem services. Since management and policies affect forest structure and composition and certain tree species emit less Volatile Organic Compounds - a major link in the ozone formation chain - the module will also review the present knowledge on the effects of biotic and abiotic stressors on VOC emissions from forests.

E5. A global comparison of climate influences on bark beetle outbreak dynamics 

Leader: Barbara Bentz (RG 7.03 DC, Forest Service, USA, bbentz@fs.fed.us), 

Bark beetles are a major disturbance agent causing landscape-scale tree mortality worldwide. Because their developmental timing and population success are temperature-dependent, climate change is currently and will continue to greatly influence outbreak dynamics. Using mathematical models that describe temperature effects on population processes, the outcome of this endeavor will be a quantitative comparison of climate effects on at least two bark beetle species (i.e., Ips typographus and Dendroctonus ponderosae) in North America and Europe. Knowledge of the dynamic and complex effects of bark beetle outbreaks on global forest carbon will also be synthesized. 

E6. Global patterns in background losses of woody plant foliage to insects, 

Leader: Mikhail Kozlov (WP7.01.07 DC, Univ Turku, Finland, mikoz@utu.fi), 

Even minor injury by herbivores may decrease plant fitness and translate into carbon losses. To identify factors affecting the levels of background herbivory at the global scale, this module will conduct a quantitative synthesis of about 4000 point estimates of the proportion of leaf area consumed or damaged by insects collected from nearly 1000 species of woody plants in forest ecosystems over the Globe. This module will quantify the loss of global forest leaf area by insects in relation to climate. Particular attention will be paid to correlations with air temperatures to verify the likelihood of increase in herbivory with climate warming.

E7. Forests and atmospheric chemistry: coupling and interactions with climate, 

Leader: Alessandra De Marco (WP 7.01.05 DC, ENEA, Italy, alessandra.demarco@enea.it), 

Significant alterations in future global land use patterns are anticipated, both as a result of anthropogenic changes in land use and management and due to climate-driven changes in ecosystem distribution. These changes in land use and land cover patterns may have considerable impacts on the climate. Depending on nitrogen availability, the future warming will probably negatively affect the uptake of carbon on land. Air pollution and climate change effects on forest ecosystems are both substantial research fields today, but the direction and magnitude of changes in future climate are still uncertain. This uncertainty is enforced by the typically separated approaches manner in which climate change effects on atmospheric composition are investigated. In most of the chemical transport models (CTMs), the deposition modules are interlinked with land cover database providing information on the different resistance values through the look-up tables. Modelling total deposition as a function of land-cover and climate is important to assess the stomatal flux to individual leaves and therefore to provide reliable estimates of ozone uptake (loss) at the landscape and regional levels. However, this approach does not provide any feedback between changes in vegetation functioning and subsequent impact on atmospheric chemistry, since the effects of pollution on vegetation are not taken into account. This module will develop new CTMs fully coupled with dynamic vegetation models, and thus will improve understanding of the processes involved in the interaction and feed-backs between air pollution and CC impacts on forests.

E8. Model projections of forest health under climate change 

Leader: Christopher Reyer (Potsdam Institute for Climate Impact Research, Germany, reyer@pik-potsdam.de), 

Forest modeling has a long tradition in forest science but projecting future forests in a non-analogous climate requires complex process-based models that are often hard to evaluate. Moreover, management-relevant projections suffer from substantial uncertainties with regard to input data, model structure and model parameters. Together with the COST Action FP1304 (PROFOUND) this module aims to facilitate harmonized, multi-model simulations 1) to compare forest models and their uncertainties in a systematic way and 2) to develop projections of forest and their health under future climate change. The first task includes testing how well forest models simulate past extreme events and identifying processes lacking in the models to improve forest health simulations (e.g. with regard to disturbances) while the second task will lead to a large ensemble of model projections that provide a more realistic picture of climate change effects on forests.

Adaptation modules

Adaptation strategies for reducing and managing the risks of CC to forest ecosystems and the forest-based sector require genetic selection for tolerance, adaptive management regimes and sustainable harvesting. This TF will deal with state-of-the-art and prospects of all three subjects.
A1. Forest adapt-omics 

leader: Om Rajora (WP 7.01.04 C, WP 2.04.01 C, Univ New Brunswick, Canada Om.Rajora@unb.ca), 
Recent climate and environment changes are subjecting our forests to significant abiotic stresses, which can negatively impact their adaptation, health, productivity and fitness. Hence, it is critical to understand genetic/genomic basis of responses and adaptation of forest trees to these changed conditions so that measures to mitigate the negative impacts of climate and environmental change could be developed by selecting, creating, conserving and sustainably managing well-adapted, genetically diverse and healthy forest resources. Genetics and genomics research and applications provide excellent opportunities to address these crucial research needs. Climate and environmental changes are also impacting forest biodiversity and consequently functioning of forest ecosystems. Species categorized under the IUCN threatened category are more vulnerable to CC. Therefore, it is essential to gain knowledge on the impacts of CC on forest biodiversity, especially on genetic diversity, which provides the raw material for species to adapt and evolve under changing climate, environment, disease and insect conditions. First thismodule will synthesize the existing information and explore strategies and opportunities for how genetics, structural, functional and population genomics and bioinformatics research and applications could contribute towards decoding responses and adaptation of forest trees to climate and environment change. Second, we will attempt to critically review the current knowledge on the impacts of climate and environment change on forest species and genetic diversity, conservation actions taken and their effectiveness, and propose future studies, strategies and guidelines to address this essential aspect.

A2. Forest health and resiliency through integrated management practices, 

Leader: Nancy Grulke (WP 7.01.07 C, Forest Service, USA, ngrulke@fs.fed.us), 

Climate change, land re-purposing, and extensive high-severity wildfires threaten forest health worldwide. One of the objectives of forest management prior to disturbance is to avoid extreme changes in forest health by modifying forest structure and composition in the canopy as well as the understory. Forest management practices focus on wildfire risk to communities and the rural/urban interface, wood products, wildlife habitat, and societal needs such as water quantity and quality. Improved forest health is a desired outcome from these management practices, but it is generally monitored after large scale disturbance (e.g., wildfire, drought, flooding, bark beetle or pathogen outbreak), which then triggers renewed forest restoration activities. Components of climate change that may be addressed by managing forest structure include environmental extremes such as low soil water availability, increased storms, prolonged high temperatures, wildfire, excessive wind damage, and chronic impacts of air pollution on forest and water resources. Some environmental extremes such as low temperature or elevated water tables may require changing species composition. We will define forest health in terms of constituent canopy, whole tree, and stand attributes, review management practices, and present an integrated tool box of practices that anticipate and mitigate these threats to forest health and ecosystem services. In an increasingly diverse landscape, management objectives and actions need to be prioritized for preemptive and restorative activities.   

A3. Highly sustainable harvesting (HSH) for protecting forests and forestry against climate change 

Leader: Enrico Marchi (Univ Firenze, Italy, enrico.marchi@unifi.it), 

To answer the increasing demand for wood and comply with the predicted shortage of forest biomass, intensified management is recommended. Harvesting in most regions of Europe and North America currently occurs well below the net increment. This module will develop a new concept of forest harvesting, where sustainability of both production and other ecosystem services as well as of environmental and social issues are not endangered. New harvesting systems and technologies, following the development of adaptive management and silvicultural regimes, will be reviewed. Adaptive measures in forest harvesting in order to face climate change will be analysed. A special focus will be on tropical harvesting and emission of greenhouse gases. This module is a clear example of how adaptation (e.g. how muddy forests and shorter winters challenge loggers in cold climates) and mitigation (e.g. new timber harvesting machineries and transportation systems aiming at reducing carbon emissions) can be coupled. 

Mitigation modules

Climate change mitigation through forestry arises from afforestation/deforestation, new management regimes or supply chain and processing changes which increase carbon storage or reduce other GHG emissions. The basic science of mitigation from a biophysical perspective is well established but detail is often lacking. Further, although forestry is often cited as a cost effective form of mitigation, this is highly geographically variable and spatially contingent. 

M1. Carbon mitigation potential of forests 

Leader Bill Slee, (James Hutton, UK bill.slee@hutton.ac.uk),

This module proposes a meta-analysis of the four factors affecting the scope for forestry to mitigate CC, i.e.:(i) the carbon fluxes (under different types of forest and management regimes, and impacts of forestry system changes on GHG emissions); (ii) the cost of achieving cost-effective GHG mitigation at different costs of carbon (depending on opportunity costs of delayed felling or changed management practices in relation to current markets for timber, including the opportunity costs of deforestation; the opportunity costs are a function of timber prices, prices associated with alternative land uses, and incentivisation policies such as REDD+ or carbon trading); (iii) the whole life cycle of the timber products, from the production to the use, to assess the duration for which the carbon is temporarily locked up; and (iv) the willingness of land owners or managers to extend the area of woodland or change practices, bearing in mind the reticence or inability of some land owners and managers to convert other non-forested land into forests, the unwillingness of land managers to change management practices, and the pressures to expand agricultural land to meet food demands of a growing global population. The module will take account of the variability of the framing biophysical factors, the duration of carbon sequestration under different uses, the variability of marginal abatement costs of emissions reduction and the capacity and propensity and willingness of different actors to engage with policy measures, such as REDD+ or carbon pricing.

M2. Effective decision making to limit climate change effects on forests 

Leader: Rod Keenan (WP 4.01.08, University of Melbourne, Australia, rkeenan@unimelb.edu.au); 

This module will summarise the new knowledge produced in the TF for evaluating expected risks and benefits of adaptation/mitigation options, and transfer of scientifically-sound information to policy makers and the general public. Major aim is improved awareness about the benefits of forests. A comprehensive final report will be prepared by integrating all modules and pillars, including an executive report for policy makers and a position paper to be submitted to a high-quality journal. This module is also in charge of coordinating the organization of periodic and final conferences, and collating the interim reports. In short, this module will build-up the comprehensive picture as emerging from the individual module activities. The modules are not supposed to actively collaborate with each other. Rather, they all will contribute to the communication&integration activities carried out by module M2.
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