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U.S. Climate Change Science Program Connection
Forest Service Global Change Research Program (FSGCRP)

Second Decade Plan – 2000


In February 2002, President George W. Bush announced the formation of a new management structure, the Climate Change Science Program (CCSP), to coordinate and direct the U.S. research efforts in the areas of climate and global change. These research efforts include the U.S. Global Change Research Program (USGCRP) authorized by the Global Change Research Act of 1990, and the Climate Change Research Initiative (CCRI), launched by the President in June 2001 to reduce significant uncertainties in climate science, improve global observing systems, develop science-based information resources to support policymaking and resource management, and communicate findings broadly among the international scientific and user communities. The CCSP aims to balance the near-term (2- to 4-year) focus of the CCRI with the breadth of the USGCRP.  

This strategic plan has been prepared by the 13 federal agencies participating in the CCSP, with coordination by the CCSP staff under the leadership of Dr. Richard H. Moss. The development of this plan has benefited from the contributions of an extraordinarily large number of climate scientists and users of climate information. 

More than 250 federal government scientists participated in drafting both the Discussion Draft Strategic Plan published by CCSP in November 2002, and the revised plan presented in this document. The CCSP Climate Science Workshop, held in Washington, DC, in December 2002, provided critique and suggestions from 1,300 climate scientists and information users from throughout the United States and 35 other nations.
 

This Forest Service Global Change Research Program (FSGCRP) draft was completed in September, 2000.  Although never released, this final draft is consistent with the US CCSP Strategic Plan.  Natural resource systems, questions, and expected products are clearly called out in the US CCSP Strategic Plan.  [http://www.climatescience.gov/Library/stratplan2003/final/default.htm]

Preface
Forest Service Global Change Research Program (FSGCRP)

Second Decade Plan – 2000

As the Forest Service Global Change Research Program (FSGCRP) enters its second decade we are providing this updated strategic plan.  We have learned a lot from the research conducted by the FSGCRP and the United States Global Change Research Program (USGCRP) since their initiation in 1990.  Our current strategy builds on what has been learned and refines our original strategy of 1990 and its updates of 1992 and 1994.  The FSGCRP remains an integral part of the USGCRP.  As we enter our second decade, we have three recently published reports provided by the larger scientific community to guide our planning.  The first is Global Environmental Change: Research Pathways for the Next Decade published by the National Research Council in 1998 (NRC, 1998).  The second is Our Common Journey: Sustainability Science published by the National Research Council in 1999 (NRC, 1999).  The third is a product of the USGCRP published in 2000, Impacts of Climate Change: A National Assessment (USGCRP, 2000).  In addition, two assessments by the Intergovernmental Program on Climate Change (IPCC) have moved the global change issue from a question of is it happening to questions of what are the impacts and what can be done about them.  In many ways the USGCRP and the IPCC have converged to views of the FSGCRP that have long emphasized the regional, landscape, watershed and local scale importance of the vulnerability of ecosystem produced goods and services to global change and the importance of ecosystem impacts on global environmental conditions.

The FSGCRP has produced a decade of accomplishments that position us well for our next decade.  Our original concern with ecosystem productivity, health and diversity remain central to our scientific inquiries.  Recognition of the importance of forest and range ecosystems to such areas as the global carbon cycle has moved to center stage in consideration of approaches for global action in regard to global climate change.  Recognition has been gained that the human dimensions of global change, as revealed by socio-economic research, are central to our ability to approach global change issues in a meaningful manner.  Recognition of the importance of natural and human induced disturbance processes to our understanding of the evolution of forest and range ecosystems has gained broad support in the scientific community.  Recognition of ecosystem roles in the global water cycle and cycling of life supporting nutrients continue as central aspects of global change research.  Recognition of the importance of biodiversity as a principle aspect of ecosystem goods and services likely to be impacted by global change is now fully incorporated in proposed research agendas.

What has changed is the maturation of our understanding of sustainability as the overarching goal for natural resource management and the scientific enterprise needed to support that management.  Sustainability science is moving forward in parallel with global change research to frame the dialogue of natural resource management in the 21st Century.  Our Common Journey provides a clarion call to the scientific community to focus its scientific efforts in pursuit of meaningful placed based research that can be used by decision makers and the people they represent in local, watershed, landscape and regional scale natural resource management.  The global change research community has recognized that call.

The second decade of the FSGCRP will move forward by providing major components of the science needed for our common journey to sustainability.  Specific foci of our second decade of research will be: Productivity and Carbon Cycle Research; Socio-Economic Research; Natural Disturbance Research; Hydrology and Nutrient Cycling Research; and Biodiversity Research.  We will pay specific attention to the Infrastructure that is necessary for an effective and efficient global change research program.  All are discussed in sections that follow.

Ten years is a long time for a research program to maintain energy, commitment, and focus.  This is especially so when the research undertaken is subject to contentious policy debate and challenges.  But past, current, and future Forest Service scientists and their collaborators from the universities and other agencies are energized by the extreme importance of their research to present and future generations.  They are energized by the growing recognition that their science is standing the test of time.  And they are energized because they know their second decade of work will be even more important than their first decade of accomplishments.  Our journey continues and we look forward to the challenges and triumphs of understanding that we will encounter in the years ahead.

Dr. William T. Sommers, Former Director

Vegetation Management and Protection Research

Washington, D.C.

INTRODUCTION

Potential climate change resulting from man-made additions of greenhouse gases to the atmosphere presents a great many challenges to scientists, policy makers and land managers.  Do we understand earth processes well enough to foresee the consequences of their perturbation from human and natural causes?  Can we measure the climate drivers and constraints with sufficient accuracy and completeness to make predictions of future conditions?  What kinds of actions are needed, if any, to insure the sustainability of the many goods and services provided by forests and rangelands?  What will be the social and economic benefits and costs of various courses of action, and how do we choose among them?  And finally, what are the consequences of our actions within a global context, considering the needs and actions of other nations?

As a land management agency, the USDA Forest Service has a unique responsibility to provide the knowledge and technology to address questions about climate change mitigation and adaptation with consideration of the many issues that challenge managers of natural resources.  Using forests to sequester carbon and slow the buildup of greenhouse gases in the atmosphere may not be compatible with management needs to adapt to a changing climate or an increase in fire frequency.  These are complicated issues -- some examples of the questions and challenges that the Forest Service Global Change Research Program (FSGCRP) addresses are:  

· How important is climate change relative to other factors that affect resource use, such as land use change, air pollution, and wildfire?

· What are the most important ecosystem functions that are at risk from climate and atmospheric changes?

· Can forest and rangeland resources be sustained under the effects of climate change?

· Which of the nation’s forests and rangelands are particularly sensitive to the effects of climate change?

· Are there components of forest and rangeland ecosystems that could be monitored as an “early warning system” to detect climate change? 

· How should management activities change to improve the ability of future ecosystems to adapt to a changing climate? 

· How much can we increase carbon sequestration in U.S. forest and rangeland ecosystems to mitigate the buildup of greenhouse gases in the atmosphere?

Forest Service Research has some unique strengths and capabilities to address questions about climate change impacts, adaptation, and the potential of forests to mitigate atmospheric changes.  Scientists are dispersed in many locations and are sensitive to the many different issues and research needs of land managers.  There is an extensive infrastructure of laboratories, long-term research studies, and experimental forests.  More than a decade of focused global change research, a prior decade of air pollution research, and several decades of experience with integrated assessments provide a firm scientific foundation for continuing to address the challenges of global change and forest management.  The strengths of more traditional research in areas such as ecophysiology, landscape ecology, hydrology, modeling, nutrient cycling, and many others, can be directly applied to global change research problems.  Many strong partnerships and collaborative efforts with experts in the academic realm and at other agencies have been developed to capitalize on these strengths.

Previous research has already identified many different kinds of ecosystems that are at risk of damage from climate change and other stressors.  Some examples include:  

· If temperature increases and precipitation decreases significantly in the Southeast, large areas of commercial pine forest could convert to savanna or grassland, disrupting wood supply and causing economic hardship. 

· Bottomland hardwood systems can be affected by alteration in the timing or amount of precipitation, which can change the ability of some species to survive. This is of significant interest in places where large-scale restoration of forest from abandoned agricultural land is underway, such as the Mississippi Delta.  

· High elevation ecosystems are sensitive to changes in temperature and snow-cover.  Sensitivity is enhanced in areas of high acid deposition.  Some species and forest types could simply disappear or be reduced to surviving remnants many hundreds of miles away.  

· Boreal forests, which form a nearly circumpolar belt in the Northern Hemisphere, are already responding to temperature increases, which are expected to be greater than in temperate and tropical regions.  Permafrost redistribution or shrinkage, invasion of more southern shrubs, changes in methane storage and flux, and altered landscape albedo may not only lead to altered forest ecosystems, but could act as positive feedback to climate change.  

· Western Pacific fringe forests are highly dependent on a water balance that is supplemented by fog-water interception.  A minor shift in offshore ocean conditions (e.g., the strength and persistence of upwelling regimes) can have major impacts on near-shore terrestrial water balance.

Research priorities for the second decade of the FSGCRP were developed during a series of meetings that reviewed the current state of science, the kinds of questions being asked, and the capabilities of the Forest Service to conduct such research.  Prioritized research objectives are listed in this research plan by broad topic area:  

· Productivity and carbon cycling research

· Socioeconomic research

· Natural disturbance research

· Hydrology and nutrient cycling research

· Biodiversity research

This structure will help formulate and organize the specific research studies needed to address the challenges of climate change. However, there is a limitation in any separation of research into topics: the need to integrate across topic areas may be obscured. Therefore an additional topic area, “enabling and integrating activities”, is included to acknowledge the importance of considering the interactions among topics, the interdisciplinary research needed to attack complex research problems, and the need to facilitate the research by providing coordinating activities and enabling infrastructure.  Links between topic areas are also included to identify research objectives that cross over to other topic areas. 

The FSGCRP is funded at a level to allow research in many but not all of the objectives within each topic.  This strategic plan helps focus resources on the highest priority objectives at the current funding level, and identify research needs that can be met with additional funding. 

I.    Productivity and Carbon Cycling Research
Rising atmospheric carbon dioxide (CO2) has direct effects on plant and ecosystem processes, and along with other greenhouse gases, affects climate.  Likewise, vegetation and soil dynamics affect the uptake and release of atmospheric CO2 from terrestrial ecosystems.  Human activity is a major driver of the carbon cycle, and can affect the productivity of ecosystems.  

Changes in productivity, the global carbon cycle, and climate consequences have become an international policy issue and the subject of intense scientific debate.  We lack sufficient understanding of the carbon cycle -- how it changes, the magnitude of changes, and the consequences of changes.  Thus, the scientific advice to policy makers on the consequences of human activities has an unacceptable degree of uncertainty.  The FSGCRP shares the broad goal of the United States Global Change Research Program, Carbon Cycle Science Initiative: “to provide critical scientific information on the fate of carbon in the environment and how cycling of carbon may change in the future.”

Goals

Specific goals of productivity and carbon cycle research are:

· To understand and predict how current and future soil, weather, atmospheric, and management systems interact to control carbon, water and nutrient cycling in forest and rangeland ecosystems.

· To develop, test, and evaluate the cost of technologies to:  (1) maintain or increase carbon storage in managed forest ecosystems, and (2) increase the rate of solar energy conversion to woody biomass in forms most suitable for the manufacture of pulp, paper, and building products. 

· In conjunction with other Forest Service resource inventory and statistical programs, conduct an accurate and comprehensive inventory and monitoring of carbon stocks in forest ecosystems and wood products, and estimate the energy used in forest production and wood product manufacturing processes.

Priority Research Areas

Specific research objectives are listed in priority order:

1.  Understand the primary factors that affect fundamental processes of above- and      below-ground carbon storage and forest productivity, and how they interact.  Of      particular interest are the effects of climate, nitrogen (N) deposition, and atmospheric gases on photosynthesis, respiration, and related ecosystem processes.  Link with hydrology and nutrient cycling, and disturbance research.
2.  Identify past trends and project the long-term regional- and national-scale impacts of      climate change, air pollution, natural disturbance, and land management on productivity and carbon cycling. Link with hydrology and nutrient cycling, and disturbance research.

3.  Estimate the current stock of carbon in forest ecosystem components and how it is changing as a consequence of growth, removals and mortality.  Estimate the uncertainty associated with estimates of forest carbon stocks and stock changes, and determine how to improve the accuracy, precision, and timeliness of estimates.

4.  Develop methods to combine experimental data, observations from intensive research sites and extensive monitoring networks, and remote sensing, to reduce the uncertainty of regional-scale estimates and projections of productivity, carbon stocks and stock changes; and to initialize or validate ecosystem models. 

5.  Determine the potential impact of improved silviculture, harvesting technologies, genetics, and nutrient management on above- and below-ground carbon sequestration and storage in forest ecosystems; determine the adoption rate of such practices by landowners.  Link with nutrient cycling and socioeconomic research.

6.  Determine how to improve the life span of wood products in use, increase substitution  of wood for more energy intensive products, increase substitution of wood biomass for fossil fuels, reduce energy consumption, and increase recycling as part of a comprehensive plan for U.S. carbon and energy management.  Link with socioeconomic research.

7.  Identify the implications of increasing carbon sequestration for other forest benefits such as water yield, wildlife habitat, and disturbance regimes, both on site and downstream.  Link with socioeconomic research, disturbance research, and biodiversity research.

Products 

Productivity and carbon cycling research provides scientific input to land managers and policy makers regarding natural and human-induced trends in forest carbon storage and carbon in wood products.  This research also provides guidance on how to manage forests and wood product processes to maintain or increase carbon sequestration.  Specific products include peer-reviewed scientific papers, analyses to support policy decisions, a variety of models for scientific and policy support, and technology transfer items such as demonstration projects, popular articles, informative web sites, and public databases.

II.  Socio-Economic Research 
Traditionally, global change research has emphasized the impacts of increased levels of carbon dioxide and other greenhouse gases in the atmosphere on physical, chemical, and biological processes. Recent developments in climate change research reflect a growing awareness and interest in the human causes of global climate change, and the potential for climate change to impact various dimensions of human life. Given the interdisciplinary nature of issues related to global change, biophysical scientists and social scientists must work together across their academic disciplines to develop integrated studies, methods, and models to enhance understanding of the human-climate change relationship.
There is a strong need to examine the trends, causes, and impacts of rapid changes in land-cover associated with various human land-use activities. Previous research has shown that land-cover changes, in addition to increasing emissions of carbon dioxide to the atmosphere, and alterations in the biochemistry of the global nitrogen cycle, are associated with global climate change.  On a global scale, it is estimated that nearly 1.2 million km2 of forest and woodland, and 5.6 million km2 of grassland and pasture have been converted to other uses during the last three centuries. While the area of forest land in the U.S. has remained relatively stable over the last century, continued development pressure remains a factor in land use change and greenhouse gas emissions.  In the future these new land uses will have important implications for changes in the Earth’s climate. In turn, such climate changes may have further, profound impacts on land uses and productivity, reconfiguring both human relationships and environmental interactions.

Goals

The overall goal of our socio-economic research is to develop knowledge, technologies, and management practices to better balance societal needs, while sustaining, protecting, and conserving the ecosystems and climate that support us.  Specific FSGCRP goals for socio-economic research for the next five years are:

· To understand the social, economic, and political forces that drive land-use changes.

· To expand our knowledge and understanding of the interactions between biophysical and human systems that contribute to global change.
· To describe past, current, and potential human responses (mitigation and adaptation) to global change across multiple scales.
· To anticipate the impacts of global change, and the impacts of human responses (mitigation and adaptation) to global change, on forests and people.
Priority Research Areas
Priority research topics were identified and prioritized according to an assessment of critical, unmet areas of study:  

1. Evaluate the effects of a C sequestration program on timber supply and demand, and other forest values.  Include the effects of alternative regulations, taxes, institutional structures, silvicultural treatments, and carbon evaluation strategies at both the national and local levels.  Link with productivity and carbon cycling.  

2. Determine the level of participation by public and private landowners in C sequestration activities under various incentive programs and C market values.  Link with productivity and carbon cycling.

3. Improve capability to project land use/land cover changes, taking account of the major socio-economic causes of afforestation and deforestation.  Integrate this research with biophysical models. Coordinate with RPA Assessment activities. Link with productivity and carbon cycling, hydrology and nutrient cycling, and natural disturbance.

4. Conduct economic analyses of the effectiveness and costs of mitigation and adaptation strategies, and assess tradeoffs between mitigation and adaptation.

5. Assess the socio-economic impacts of climate change on forests, wood-product markets, non-traditional forest products, forest recreation, and other ecosystem services.  Coordinate with RPA Assessment activities.

6. Understand historical aspects of climate change on human attitudes, behaviors, and experiences, and how people perceive their environments. 

Products

Implementation of this research will illustrate and analyze the relationship between socioeconomic trends and global change, and provide a foundation for predicting: (1) benefits, costs, and impacts of alternative mitigation and adaptation strategies; (2) past, current, and projected changes in the national carbon budget; and (3) the prospective impacts of climate change on forest resource values.  Some specific products include maps of past, current, and future land use/land cover change; recommendations for forest management to policy makers and landowners; and regional/local case studies.
III.  Natural Disturbance Research 
Natural disturbances are a normal occurrence in most forests.  Climate change is likely to alter the frequency and intensity of disturbances. The consequences to forest ecosystems will vary depending on the characteristics of the disturbance.  Perturbations of high intensity but low frequency (e.g., wildfires, hurricanes, and insect and pathogen outbreaks) can result in the sudden mortality of flora and fauna in a community.  At the other extreme, perturbations of low intensity but high frequency (e.g., changes in average air temperature, elevated atmospheric CO2, and N deposition) tend to exert sustained but low intensity pressures on ecosystems.

The FSGCRP is primarily concerned about three categories of disturbance:  (1) atmospheric chemical change; (2) climate variability; and (3) biological disturbance. Land-use change, another important category of disturbance, is covered under socioeconomic research.  Atmospheric chemical change includes the impacts of ozone, CO2, wet and dry deposition (nitrogen, sulfur and mercury) and UVB radiation on forest ecosystems.  Climate and weather variability disturbances include drought, floods, hurricanes, wind, ice storms, and indirectly, fire.  Major biological disturbances include insects, disease, exotic species and weeds.  

Goals

The goals of disturbance research are:

· To better understand how the severity and timing of various disturbances impact ecosystem processes and structure. 

· To understand and model the fundamental processes of climate change interactions with forest disturbances.

· To develop and evaluate management practices and technologies to minimize the potential for disturbance, and the impact of disturbance on forest productivity and sustainability.

Priority Research Areas
To better understand disturbance impacts, priority is given to events that have the greatest potential negative impacts over the largest area, the greatest probability of occurrence, and the highest potential for human response to mitigate or cope with the disturbance.

1. Develop projections of how fire frequency and intensity would evolve under a changing climate, and develop management practices to minimize the impact of catastrophic fire on forests.  Consider the interactions with current practices to reduce fuel loads, and potential conflicts with management practices to increase carbon sequestration.  Link with productivity and carbon cycling.

2.  Evaluate the potential effects of climate change on the spread of invasive insects and pathogens, and effects on forest structure and function.  Link with productivity and carbon cycling, and hydrology and nutrient cycling.

3.  Understand the long-term impacts of periodic drought on forest structure and function, and assess the sensitivity of forest ecosystems to shifting drought regimes.  Assess the interactive effects of drought, fire, and tropospheric ozone where these disturbances are likely to coincide.  Link with productivity and carbon cycling, and hydrology and nutrient cycling.

4.  Evaluate how hurricanes, tornadoes, and other high wind events affect carbon cycling and other forest functions.  Link with productivity and carbon cycling.

5. Quantify the potential effects of high N deposition on forest productivity and mortality, and develop management practices to restore healthy ecosystem functions. Link with productivity and carbon cycling, and hydrology and nutrient cycling.

6. Develop projections of the effect of land use change and energy policy on rural ozone levels.  Link with socio-economic research. 

Products

The potential interactions of natural disturbances with climate change are poorly understood; therefore, a major output will be scientific papers regarding the effects of multiple stressors on forest ecosystems.  At a larger scale, the potential impacts of climate change interacting with altered disturbance regimes will be explored through large-scale assessment activities.  New research will produce maps of forest sensitivity to drought, ozone, and N deposition.  Potential range shifts and severity of insect damage under climate change will be mapped and described.  Fire research will produce guidelines for managers to minimize the risk of catastrophic disturbance, and assessment of the impacts of a changing regime on U.S. forests.

IV. Hydrology and Nutrient Cycling Research

The health of our forested watersheds has significant impacts on the quality of our drinking water, water yield and natural resource use. We will continue to support long-term monitoring of hydrology and nutrient cycling, and develop and apply process models to relate site-specific observations to watershed scales for quantifying and understanding how physical and chemical climate change will affect forest processes.  Modeling using the watershed approach will provide estimates of productivity, hydrology and N outputs from forested watershed under different scenarios of N deposition, precipitation, climate change and forest management, which will help provide a basis for making policy decisions.  
Continuous, long-term measurements of climate variables, atmospheric deposition,

throughfall chemistry and soil solution chemistry provide a basis for evaluating changes 

in chemical deposition and effects on forest processes.  N deposition is of particular 

importance.  Although most temperate forests are considered N limited, there is a 

growing concern that chronic N deposition can lead to contrasting condition of excess N 

or N saturation.  Excess N interferes with normal soil processes and can reduce 

productivity, and may also be exported from the forest into streams and rivers, with 

undesirable effects on water quality.  High NO-3 release rates have been observed in the San Bernardino Mountains in the West, the Rocky Mountains, the eastern Great Lakes region and at high elevation forests in New England.  In the Mid-Atlantic, the Chesapeake Bay Program has set a goal to reduce by 40 percent the NO-3 loading into the Chesapeake Bay.

Changes in precipitation patterns may change regional water availability, and temperature changes will affect the decomposition processes that control nutrient availability.  Under chronic atmospheric deposition, acidic compounds in the form of wet and dry deposition affect forests at regional levels.  Acidification of the soil and leaching of NO-3, can increase the loss of essential base cations, such as calcium (Ca) from sensitive forest soils, and may adversely affects forest health.  

The effects of complex interactions among stressors are difficult to predict, but are likely to include changes in plant water use efficiency under elevated CO2, changes in forest ecosystem water yield, changes in productivity, and change in species composition and wildlife habitat.  It will require a mix of monitoring, experimental and modeling studies to understand and predict changes in forest productivity, watershed processes and biogeochemical cycling, and to develop management practice to allow adaptation to a changing climate.   

Goals 

Specific goals for research on hydrology and nutrient cycling are:

· To understand how fundamental processes related to water use and nutrient cycling will change under increasing atmospheric CO2, N deposition, and climate change. 

· To identify watersheds and riparian areas that are sensitive to nutrient leaching, productivity and water quality reduction, and habitat degradation. 

· To evaluate management practices to improve forest productivity, water yield, water quality, nutrient retention, and habitat in forested watersheds and riparian areas.  

· To better utilize air, water and forest monitoring information to evaluate, model, and predict long-term changes in forested watersheds at large spatial scales.

Priority Research Areas

To accomplish these goals, a number of research areas were identified that represent an assessment of the most critical, unmet needs for hydrology and nutrient cycling research:

1.  Identify the fundamental processes that link nutrients, water and carbon cycling.  Understand the interactive effects of water, N, and plant processes on productivity and growth efficiency.  Link with productivity and carbon cycling.

2.  Determine the impacts of elevated CO2 , disturbances, climate change, and atmospheric deposition on forest growth, supply and demand for nutrients, and plant water use efficiency.  Link with productivity and carbon cycling, and disturbance research.

3.  Develop maps of current and future precipitation patterns, and determine how changes in patterns would impact areas of low water-holding capacity and high runoff potential.

4.  Determine whether chronic N deposition will affect forest ecosystem function and structure over the long term.  Determine when forest systems reach N saturation and identify which forested watersheds are sensitive to nutrient loss, and develop management guidelines that protect water yield and forest habitat values.  Link with socioeconomic research.

5.  Quantify the N output from forested watersheds at landscape and regional scales under current and elevated deposition levels.  Link with socioeconomic research.

6.  Determine whether increased N deposition is significantly affecting carbon storage in northern temperate forests.  Link with productivity and carbon cycle research. 
7.  Determine if there is a growth response of forests to the effects of acid deposition on cation depletion and aluminum toxicity, and identify the sensitive areas with soils having low base cation levels and high cation exchange capacity.

Products

This research will provide current maps and predictions of water yield, atmospheric deposition, N leaching, a quantification of N deposition on a regional basis, and an assessment of the areas most at risk. Forest sensitivity to acid deposition will be evaluated and mapped.  Modeling using the watershed approach will be used to estimate impacts of climate change, N deposition and forest management on the productivity, hydrology and nutrient retention, which will help provide a basis for making management and policy decisions.  Specific products include peer-reviewed scientific papers, analysis of large and small watershed processes for management and policy decisions, and development of  an integrated watershed approach for monitoring and assessing atmospheric, terrestrial, and aquatic processes. 

V.
 Biodiversity Research 
Ecosystem processes are influenced by the diversity and identity of the plant, animal, and microbial species living within the system, and thus, ecosystems are sensitive to changes in species.  Climate change, as well as human modifications, can have severe impacts on an ecosystem’s biodiversity, ecological functions, and services that are vital to the well being of human societies.  Maintaining populations of threatened and endangered species is especially important, and protection programs already in place could be substantially affected by climate change.  Recent studies suggest that changes in biodiversity can also alter the stability of ecosystem processes.  

Most ecologists believe that the higher the species diversity in an ecosystem, the greater its stability, as demonstrated by the ability of communities and ecosystems to maintain some measure of adaptability while undergoing change in response to changes in environmental conditions.  To aid in maintaining biodiversity and sustainable ecosystems during climate change, the research community needs to understand species response and develop strategies to mitigate these responses.  Given its importance to human welfare, the maintenance of ecosystem biodiversity should be included as an integral part of national and international policies designed to conserve local and global sustainability.

Refugia have been established through many different programs including portions of the National Forest System. However, no coordination exists to ensure that all habitat types have been included, and management of these areas as refugia under climate change has not been clearly articulated.  Furthermore, the effectiveness of fixed refugia as biodiversity preserves in the face of climate change has not been established.  What does management do when the climate of the refugia no longer support the species they were reserved to protect?

Biodiversity research includes studies on species distribution, migration, and viability; invasive species; paleoecology; genetic variation; and bioclimatology including consideration of temperature zones and species hardiness.

Goals

The goals of the FSGCRP for biodiversity research are:

· To develop strategies for maintaining species and genetic diversity, and threatened and endangered species, in the face of global climate change.

· To evaluate the effectiveness of fixed reserved areas for protecting and managing threatened and endangered species under changing climate and vegetation redistribution.

· To predict how current forest and rangeland communities will change and what new communities might emerge under climate change, and the impact of this re-organization on species populations.

Priority Research Areas
To accomplish these goals, a number of research areas were identified that represent an assessment of the most critical, unmet needs for biodiversity research: 

1.  Identify existing refugia in the National Forest System for threatened and endangered (T&E) species; model T&E species responses to climate change; identify species not adapted to altered disturbance regimes; develop sustainable management practices.  Link with disturbance and socioeconomic research.

2.  Understand past responses of species to climate change in order to model future responses.  Include adaptation (genetic) factors and inter-species competition, as well as historical migration rates and patterns.  Link with disturbance and socioeconomic research.

3.  Assess the ability of species to respond to climate change given the effect of human development on habitat fragmentation. Link with socioeconomic research.

4.  Analyze the effects of carbon sequestration programs on biodiversity.  Link with productivity and carbon cycling, and socioeconomic research.

Products

Results of this research will aid both policy and decision makers at national, regional and local scales as they strive to maintain healthy ecosystems subject to global climate change.  Programs to maintain genetic and species diversity will be based on this research and, as a result, concerns about threatened and endangered species will be lessened in the future.  Research will improve fundamental understanding about species, community, and biome responses to climate change, and impact on ecosystem functions. 

Specifically, this research will produce guidelines for selecting and managing T&E species and refugia with consideration of climate change and species migration; valid models of flora and fauna in bioclimatological settings considering genecology, invasive species impacts, and genetic engineering; the effects of carbon sequestration on biodiversity; the identity of species that are particularly sensitive to climate change; maps and models that can be used to predict species migration and composition within the U.S. under various climate change scenarios; and maps of species changes over the past eons as climate has varied.

VI.  Enabling and Integrating Activities 
One of the great challenges of global change research is finding ways to work among disciplines at multiple temporal and spatial scales, using a variety of research approaches: experiments, observations, and models.  The USGCRP has recognized this challenge by featuring activities such as data and information dissemination, and integrated modeling.  The FSGCRP has also utilized various activities to bring elements of the research program together, both internally and with other research programs, such as participation in Global Change and RPA Assessments, implementing data quality assessments, and sponsoring integrated modeling workshops.

Our goal for enabling and integrating activities is to help the FSGCRP achieve research successes that are greater than the sum of all the individual research projects that comprise the program. The complex, uncertain nature of climate change effects, feedbacks between land and atmosphere, the need to consider effects at multiple scales simultaneously, and the need to consider both biological and social responses, requires that many research efforts, from multiple disciplines, be brought to bear on the problem.

For example, to assess how climate change in a given region will affect ecosystem productivity requires detailed process knowledge of plant responses to temperature, moisture availability, and external stressors such as tropospheric ozone.  This knowledge must be supplemented with understanding about species interactions to determine which plants gain a competitive edge under the new climate regime.  Similarly, knowledge of insect and disease processes is needed to predict the effects of climate change on productivity because such pests may alter the vegetation response.  And then human processes must be considered: land use changes and human adaptive responses are an integral part of the response matrix. 

Efforts to integrate research components should be initiated before the work is well underway.  Research planning should include integration activities and quality assurance standards to assure data compatibility, to standardize where feasible the experimental design of validation and testing schemes, and to insure that model development and experimental work be linked for maximum efficiency right from the start. Planning should represent the needs of disciplines as varied as ecophysiology, silviculture, biogeochemistry, plant-atmosphere biophysics, economics, and political science, among others.

The FSGCRP has identified several areas of emphasis that will enable research integration among its participating scientists and cooperators, and help make the research products useful to a variety of customers in different regions:

· Maintain a disaggregated, regional structure for implementing and managing the FSGCRP so that regional concerns can be fully understood and addressed.

· Build on the research capacity of the Forest Service in a crosscutting way by leveraging specific Global Change Program funds with ongoing research activities (such as Forest Inventory and Analysis, the National Fire Plan, and long-term watershed research sites.

· Ensure sufficient computing infrastructure, which may involve access to distributed computing systems, supercomputers, and other unique needs not met by corporate hardware and software. 

· Develop a data integration infrastructure that accommodates the needs of various disciplines to share information across spatial and temporal scales.

· Work with the Forest Service monitoring programs (FIA and FHM) to enhance our capability to answer questions about climate change impacts that go beyond the original mission of these programs.

· Address biophysical and socio-economic linkages, including: biodiversity conservation; the effects of land-use change on forest productivity, health, and resilience with reference to changing forest response to changing climate; and the issues of forest management, adaptation, and mitigation in the face of greater uncertainty and as yet unknown risks.

· Improve the development of tools to predict forest productivity in a changing climate.  These include plant/atmosphere interactions, insect and disease effects, and vegetation feedback to the atmosphere, as well as better linkages with climate and land use models, at scales that range from global to local.

· Enhance efforts to better understand the close coupling of the carbon cycle and the water cycle for forest and rangeland ecosystems.

· Develop partnerships with other agencies and organizations to develop the infrastructure to integrate different approaches to observing similar phenomena (such as monitoring changes in carbon flux), to develop integrated earth system models with consideration of terrestrial, atmospheric, oceanic, and socioeconomic processes, and to implement integrated assessments at regional and national scales.

VII. Conclusion: Products and Outcomes
Full implementation of the research described in this Strategic Plan will allow:

· Prediction of earth system behavior over annual, decadal and century time scales including the effects of climate change.

· Increased potential of U.S. forest and rangeland ecosystems to sequester carbon under a series of management options, thus slowing the rate of climate change.

· Present managers with better defined options for mitigation and adaptation, including evaluation of risk, uncertainty, and tradeoffs.

· Estimation of socio-economic benefits and costs of options for both the public and the private sector.

· Improve climate modeling by creating more realistic biospheric inputs to atmosphere models.

· Permit development of more realistic options and identification of constraints for biodiversity conservation, and other management needs, including forest products developments.

· Facilitate transfer of research results to policy makers through integrated, interagency assessments.

� U.S. Climate Change Science Program.  2003.  Strategic Plan for the Climate Change Science Program.  Forward.  [http://www.climatescience.gov/Library/stratplan2003/final/default.htm].  Paragraphs Quoted Directly.
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