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Executive Summary
Forests and rangelands are dynamic systems subject to a variety of disturbances, both natural and human-caused, that shape their composition and function, and dictate, to some extent, the services that are provided by those ecosystems. Disturbances are a normal, necessary, and desired part of ecosystem dynamics. Anthropogenic disturbances may be unintentional or intentional and designed to effect a change in system function or to produce desired goods and services (e.g., timber harvest), but both may result in unanticipated and undesirable consequences (e.g., erosion, debris flow, and air pollution induced degradation of tree health).

The Threat Characterization and Management Program addresses the biological, physical, and socioeconomic thresholds and transitions associated with natural or human-caused disturbance gone awry, that is, when ecological change becomes a threat to human values. 

The mission of the Threat Characterization and Management Program is to generate knowledge about the nature, causes, and consequences of large, rapid, or significant changes to ecosystems that potentially threaten societal values. We will use our knowledge to develop and deliver innovative and effective strategies, methods, and tools so people can plan, manage, or mitigate the changes, causes, and consequences.

Research in the program will be focused on five problems that are designed to build on fundamental knowledge of ecology and social science in order to understand how disturbance processes are initiated and progress, what thresholds are associated with ecological consequence, and how human perception of disturbance and ecological consequence affects acceptability. 

The Threat Characterization and Management Program addresses the following problems:

Problem 1: How do we characterize and measure the cause, occurrence, extent, and consequences of threatening conditions and people’s perceptions of them?

Problem 2: How do ecological or social processes interact across multiple temporal and spatial scales to create potential threats?

Problem 3: What thresholds exist in ecosystem dynamics; what are the biological, physical, and social consequences of crossing these thresholds; and how do people perceive and respond to disturbances that are approaching or have crossed their biological or physical thresholds?

Problem 4: How are ecological patterns and processes managed to reduce the probability, magnitude, and consequences of a threat? 

Problem 5: What is the range of possible future conditions, and what are the uncertainties and tradeoffs associated with them?

Research in these areas will lead to an integrated understanding of the development of threatening conditions, and will provide the basis for improved methods of detecting, monitoring, and mitigating potential threats. Finally, research will focus on defining likely potential future ranges of physical, biological, and social conditions associated with current and potential threats.

The outcomes of our research will lead to the development of new theory and practice. Understanding interacting disturbance processes over multiple temporal and spatial scales will allow an integrated assessment of land management strategies across mixed ownerships and management models. A better understanding of the relationship of disturbances to ecologically-related human values—including when and why disturbances become threats—is necessary to develop new approaches to the integrated management of fire risk, water resources, insect and disease outbreaks, recreation, and resource extraction and will assist forest managers in their efforts to meet the expectations of society.

Research in the program is coordinated and integrated with efforts in the other PNW Research Station programs and with the Western Wildland Environmental Threat Assessment Center. Science delivery and application efforts will be carried out in collaboration with the station’s Communications and Applications Group and with the Focused Science Delivery Program. Further, program research supports the mission of the Forest Service through contributions to three strategic goals and to all Research and Development Strategic Program Areas.
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R&D PROGRAM NUMBER

TBD

STATION

Pacific Northwest Research Station

R&D PROGRAM LOCATIONS

Olympia, Seattle, and Wenatchee, WA; Corvallis, OR, and LaGrande, OR; Anchorage and Juneau, AK

R&D PROGRAM TITLE

Threat Characterization and Management (TCM) Program

PROGRAM MANAGER

Edward J. DePuit

AREA OF APPLICABILITY

Research, development, and science delivery in the TCM Program is focused on the Pacific Northwest—Oregon, Washington, and SE Alaska—and interior Alaska. However, we anticipate that regional, national, and international collaborations will develop and that the work of the program will contribute to fundamental ecological and sociological theory and to problems and issues at all geographic scales.
ESTIMATED DURATION 

The TCM Program is chartered for 10 years (2010–2020) with a mid-term review and potential charter revision after 5 years (in 2015). Amendments will be made to the charter as needed to address emerging issues.

MISSION

The mission of the TCM Program is to generate knowledge about the nature, causes, and consequences of large, rapid, or significant changes to ecosystems that potentially threaten societal values. We will use our knowledge to develop and deliver innovative and effective strategies, methods, and tools so people can plan, manage, or mitigate the changes, causes, and consequences.

JUSTIFICATION AND PROBLEM SELECTION

Program Justification

Forests and rangelands are dynamic systems subject to a variety of disturbances, both natural and human-caused, that shape their composition, function, and dynamics, and dictate, to some extent, the services that are provided by those ecosystems. Disturbances are a normal, necessary, and desired part of ecosystem dynamics. Anthropogenic disturbances may be unintentional or intentional and designed to effect a change in system function or to produce desired goods and services (e.g., timber harvest), but both may result in unanticipated and undesirable consequences (e.g., erosion, debris flow, air pollution induced degradation of tree health). Natural drivers of ecosystem processes—lightning-started fires, floods, landslides, and others—are important drivers of ecosystem function and dynamics and are part of the evolutionary environment of our forests and rangelands. But, in a world managed and valued by humans, natural changes also have unanticipated and unacceptable consequences.

The Threat Characterization and Management (TCM) Program addresses the biological, physical, and socioeconomic thresholds and transitions associated with natural or human-caused disturbance gone awry, that is, when change becomes a threat
 to human values. 

Purpose
The primary purpose of the program is to conduct research to address five major issues: (1) cause, detection, and consequence of threats; (2) interactions of disturbances across multiple and dynamic ecological and social scales; (3) thresholds that mark the transition from desirable and acceptable to undesirable and unacceptable; (4) management strategies to avoid unacceptable situations; and (5) projections of likely dynamics of future conditions that may affect disturbance processes.

Results of the research will contribute to fundamental scientific knowledge and to science-based management of ecosystems designed to avoid or mitigate threats and their consequences, and will provide products and assessments for use in other programs in the Pacific Northwest (PNW) Research Station, U.S. Forest Service (USFS), and beyond. The program will be an interface among biological, physical, ecological, and social sciences. 

Focus
Research in the program will be focused on five problems that are described below. The problems are designed to build on fundamental knowledge of ecology and social science in order to understand how disturbance processes are initiated and progress, what thresholds are associated with ecological consequence, and how human perception of disturbance and ecological consequence affect acceptability of the threats or management for mitigation. Progress in these areas will lead to an integrated understanding of the development of threatening conditions, and will provide the basis for improved methods of detecting, monitoring, and mitigating potential threats. Finally, research will focus on defining likely potential future ranges of physical, biological, and social conditions associated with current and potential threats.

Needs and Benefits 
Current conditions in many of the Nation’s forests and rangelands illustrate the need for research conducted in this program. On millions of acres, fuels are at levels that will support severe and damaging wildfire. Invasive plant and animal species are changing the nature and composition of our terrestrial and aquatic ecosystems. The climate is changing and concerns abound over issues such as water, fire, wildlife habitat, and forest and rangeland health. Changing land use and the need to develop alternative energy sources are changing the demand for services provided by natural systems.

The outcomes of our research will lead to the development of new theory and practice. Understanding interacting disturbance processes over multiple temporal and spatial scales will allow an integrated assessment of land management strategies across mixed ownerships and management models. A better understanding of the relationship of disturbances to ecologically-related human values—including when and why disturbances become threats—is necessary to develop new approaches to the integrated management of fire risk, water resources, insect and disease outbreaks, recreation, and resource extraction and will assist forest managers in their efforts to meet the expectations of society.

Information/Technology Transfer
To succeed in the program mission, creation and delivery of products and services of use to the science and land management communities are essential. To that end, the TCM Program will develop a knowledge-transfer strategy. The strategy will address all of the program’s clients and customers, including the scientific community; federal, state, and private land managers; regulatory agencies; and risk managers. Results of fundamental research will be published in peer-reviewed journals and books and will be presented at national and international conferences. Methods and tools for detection, monitoring, and tracking disturbances will be developed and distributed through publications, Web sites, workshops, and field courses. Management strategies for adaptation and mitigation will be developed in partnership with land managers and delivered in forms useful to a variety of users, including case studies, videos, workshops, and field visits.

Relationships to National Strategies and Goals
The TCM Program’s work is related to many of the Agency strategic plan goals and the USFS Research and Development (R&D) Strategic Program Areas (SPAs).  The program contributes to four of the Agency goals as defined in the USDA Forest Service Strategic Plan 2007-2012:

Goal 1:   Restore, Sustain and Enhance the Nation’s Forests and Grasslands (including fire, wildlife, invasive species, landscape ecology, global change and range research)


Goal 2:   Provide, Sustain and Enhance Benefits to the American People (including ecosystem services research)


Goal 4:   Maintain a Full Range of Basic Management Capabilities of the Forest Service (including decision-support research and development/transfer of synthesized information, tools and technologies)


Goal 7:  (overarching goal) Improve the Scientific Basis for Sustainable Natural Resources Management (including high-quality research responsive to current/future priorities, and facilitation of increased use of research-derived information, tools, and applications)

The TCM Program supports the national mission of USFS R&D in its Draft Strategic Plan 2008-2012 (Version 3.0, August 2006), to Develop and deliver knowledge and innovative technology to improve the health and use of the nation’s forests and rangelands – both public and private and its vision of being recognized as a world leader in providing innovative science for sustaining global forest resources for future generations.  

The Program’s work includes research in all seven Forest Service R&D SPAs. Primary relationships are:

1. Water, Air, and Soil (Problems 1, 2, and 5)

2. Resource Management and Use (Problems 4 and 5 )

3. Wildlife and Fish (Problems 1, 3, and 5)

4. Wildland Fire (All Problems)

5. Invasive Species (Problems 1, 3, 4, and 5)

6. Recreation (Problem 3)

7. Inventory and Monitoring (Problem 1)

Over the past years, several of the SPAs have undergone peer review and recommendations have been made to improve FS R&D effectiveness in the future. As indicated above, research outlined in this charter has wide applicability to the SPAs, and in particular to issues of managing disturbance, threats (fire, insects, disease, invasive species, and so on), and wildlife and fish habitat. The impacts of these threats will play out in concerns of other SPAs, for instance Water, Air, and Soil and recreation. Because of the program’s integrated, cross-disciplinary approach, it is likely that a single scientist may contribute to multiple SPAs.

Results of the SPA reviews have been of value in the development of the program charter. Specific recommendations will figure into the detailed approaches developed to address the problems laid out in this charter. To the extent possible, the program will integrate the comments across SPAs to provide the same multidisciplinary approach to those recommendations as is applied to the research approach in general.
Relationships to Station Strategies and Other Programs
The TCM Program is established in the station’s Strategic Business Plan and has strong ties to the other foundation programs: Ecological Process and Function; Land and Watershed Management; Goods, Services, and Values; and Resource Monitoring and Assessment. In addition, the program will work closely with the Focused Science Delivery Program and with the station’s Communications and Applications Group to deliver creative and innovative services and products.

The five fundamental programs of the PNW Research Station represent a coordinated effort to advance science and to deliver and apply it effectively. The Program will look to work conducted in Ecological Process and Function for fundamental understanding of disturbances dynamics; to the Land and Watershed Management Program for connections across scales and integrated landscape processes; to Resource Monitoring and Assessment for methods and data to evaluate disturbance at multiple scales; and to Goods, Services, and Values to value ecosociological consequences of threats as they play out at various scales. 

The program also supports the mission and goals of the Western Wildland Environmental Threat Assessment Center (WWETAC). The center’s mission is “to generate and integrate knowledge and information to provide credible prediction, early detection, and quantitative assessment of environmental threats in the Western United States.” The center operates by supporting research in stations and elsewhere and by integrating it to deliver specific assessment products. Thus, the program, through its research in five problem areas, will provide the fundamental knowledge for new and improved assessments by the center and for a better understanding of the interaction between ecological and social processes. The program and the center will work together to develop new methods for early detection and rapid response to developing threats.

Specific relationships between the programs, including the level of detail, the appropriate scale, and the information transfer strategies, will be thoroughly developed in problem analyses for each problem in each program. As these problem analyses are developed, the program manager and scientists in the TCM Program will work with members of other programs to assure that “the pieces fit together” without undue overlap.

A table illustrating the relationship of the program to others at the PNW Station is in the appendix.

Program Problems

Work in the program addresses five problems that provide a progression from fundamental understanding of threats; how processes interact across multiple scales; what thresholds—both ecological and social—are crossed when a potential threat becomes realized; what management strategies may be employed to address threats at multiple scales; and what conditions are likely to be important in the future. The description of problems, elements, and approaches illustrates the sort of research that will be undertaken. They are not meant to describe, in detail, the studies that will be conducted. That detail will come in problem analyses and study plans.

Results of research on these five problems will serve a variety of purposes. The scientific community worldwide will be served through fundamental advances in understanding the interplay of multiple ecological disturbances, the impacts they have on ecosystem function, and how they are perceived by human communities.  Those responsible for managing lands—public or private—will find both theory and practice that will enhance their ability to plan and implement innovative strategies and tactics to adapt to or mitigate the impacts of unwanted disturbance. Development of forward-looking policy to guide preparation for and response to threats as they play out will depend on methods and analyses developed as an outcome of this program. Finally, working in concert with the Western Wildland Threat Assessment Center, the Focused Science Delivery Program, and PNW Research Station’s Communications and Applications Group, new approaches to discuss environmental threats with the public will lead to a greater understanding and acceptance of land management strategies and practices.

Problem 1.  How do we characterize and measure the cause, occurrence, extent, and consequences of threatening conditions and people’s perceptions of them?

An important step in characterizing and managing threats is to recognize the conditions that lead to disturbances and to potential situations where human values are jeopardized. In this problem, research will be focused on the “building blocks” of threat characterization and management including initiation, detection, and progression of disturbances. Fundamental biological and physical work on threat characterization will be coupled with socioeconomic research to understand what makes a threat a threat—when do people perceive that a disturbance is threatening a value.

Problem 1 Elements

1.1. Develop detection methodologies and document cause, occurrence, and distribution of threatening conditions
Research under this element will focus on improving current detection methods, including on-the-ground and remote sensing-based methods, to provide the resolution necessary to map threatening conditions. Results of efforts under this element will provide an improved foundation for assessment and prediction, as well as for the identification of thresholds addressed under Problem 3.

1.2. Characterize the present and potential future social and environmental consequences of threats

In a world with a changing physical and social climate, it is essential to understand the potential consequences of ecological threats. For instance, with land use projected to change dramatically in this century, it is critical to understand the likely impact of disturbances on ecosystem services such as water, timber, recreation, and emerging needs such as carbon sequestration and alternative energy. Research in this element will focus on identifying outcomes associated with threats—values at risk.

1.3. Determine when a large, rapid, or significant change to an ecosystem is perceived as a threat. By whom? To what societal values? 

To some extent, disturbances become threats when they are noticed. However, the point in the development of the disturbance when it is noticed varies with the population perceiving or experiencing the threat and the value at risk. Different people have different vulnerabilities to threats, and are differentially affected by them.  Furthermore, the perception of a threat may change over time and with changing social conditions. Research in this element will focus on identifying how and why different populations of people react to changes in ecosystems, what societal values are threatened, and what are the implications of those potential changes in values.

1.4.  Develop conceptual, empirical, or process models of occurrence and dynamics of a threat as a function of biological, physical, ecological, or anthropogenic factors
To understand the potential occurrence and extent of threats, it is essential to have models that can integrate the complexity of interacting disturbance over multiple scales. Models are simplifications of complex systems, and as such, allow people to begin to understand how disturbances develop and interact, to imagine potential impacts on values of interest, and to explore alternative mitigation actions.
Problem Importance 

People served and issues addressed:  Progress in this problem will contribute to fundamental scientific understanding of disturbance processes, detection and monitoring, and to human perception and impact. To a large extent, the outcomes of this research will flow into the other four problems in the program, but will also be of interest to others working in similar disciplines. Models developed in Problem 1 and coupled with management variables addressed in Problem 4 will likely be of use primarily to the research community, but will, in simplified form, contribute to a greater understanding of disturbance ecology and threat characterization by land managers and the public.

Potential clientele, societal and scientific benefits:  The benefits of research conducted under this problem will be improved methods for detecting, characterizing, and quantifying disturbances leading to an integrated understanding of biological, physical, and social causes and consequences of thresholds in ecological change. In addition, outcomes will include new approaches to characterizing consequences of threats and a better understanding of how, when, and why people perceive that a disturbance has become a threat.  This understanding will provide insight into how threats should be addressed and the ability to anticipate and understand thresholds in ecological change.

Deliverables under this problem will be of a fundamental nature, most likely contributions to the scientific literature and syntheses and assessments of theory and practice. Advances under this problem will provide new methods and understanding needed by WWETAC to fulfill their mission.

Likelihood of Success in Problem Work  

The likelihood of success in this problem is variable. Considerable progress is likely in the development of new methods for detecting, and then describing the extent and occurrence of disturbances. Progress in the critical area of human perception of threats, and when a disturbance becomes a threat, will depend upon an integration of biological, physical, and social research that does not presently occur within the PNW Research Station to any extent. The development of integrated models and their use to characterize potential consequences of threats is challenging, but highly likely.

Approach to Problem Solution

Research in this problem will involve fundamental work in disturbance and change detection and mapping using improved on-the-ground methods as well as advancing the science of remote sensing from both near-earth and satellite platforms. Theoretical work in remote sensing coupled with empirical ground measurements will be integrated with existing statistical and mechanistic models to improve mapping technologies for current conditions as well as future projections. In addition, fundamental ecological knowledge related to natural disturbance processes will be integrated with detection, mapping, and modeling methods to provide new multi-scale estimates of disturbance dynamics. This research will be conducted with and will build on advancements made in both the Ecological Process and Function and Resource Monitoring and Assessment Programs, but will focus on the nature and dynamics of natural or human-induced disturbance.

To progress in elements 1.2 and 1.3, ecological and social scientists will, through theory, synthesis, and field research, define pathways by which people process information relating to the nature, occurrence, size, and potential consequence of threatening conditions. 
Problem 2.  How do ecological or social processes interact across multiple temporal and spatial scales to create potential threats?

Neither ecological nor social processes exist in isolation; they interact among themselves, and it is likely that they are interrelated through feedback loops that may be intensified or mitigated through management and outreach activities. Further, the interactions are scale-interdependent, resulting in potential propagation of threats across local, regional, and continental landscapes. Research in this Problem area focuses on understanding interacting processes that cause threats, and their associated uncertainties. Progress made in this problem contributes directly to work in Problems 4 and 5 relating to development of management strategies and likely future conditions.

Problem 2 Elements

2.1. Determine whether processes interact, and, if so, in what manner
Ecological and social systems are complex in process, function, and scale. Determining whether two or more disturbance processes, for instance insect infestations and fire, interact is a difficult problem. Research in this element is focused on empirical and mechanistic assessments of the relationship between social or ecological processes at multiple scales to determine if simultaneous or sequential occurrence changes the outcome from what would be expected from the individual processes. Research will also assess the feedbacks between social and ecological processes that might be associated with management, policy, or regulation.
2.2. Characterize and quantify the nature and magnitude of interactions among processes 

After identifying true interactions, it is important to determine their characteristics. Outcomes of interactions may be synergistic or antagonistic. Research in this element will seek to document size and shape, and temporal dynamics of the most important interactions among ecological and social processes so that they may be factored into predictive and management models.
2.3. Determine the major components of uncertainty associated with the interactions among processes
Uncertainty plagues any estimate of the scope and magnitude of interacting processes. It is critical to understand the components of that uncertainty to develop appropriate responses to address uncertainty in management and policy. Components of uncertainty include stochastic processes, imperfect knowledge of ecological processes, and unpredictable human response. In some cases, uncertainty may be reduced through increased study and understanding of ecological processes or through more effective outreach and communication with the public. However some components of uncertainty may not become better known through increased efforts. In that case, alternatives for evaluating the impact of uncertainty may need to be developed. Research in this element seeks to define the various components and to develop strategies for reducing the magnitude or mitigating the effects of uncertainty.

Problem Importance 

People served and issues addressed:  Knowledge of how ecological and social processes interact across multiple scales is critical to understanding how multiple disturbances will play out in space and time. Currently, understanding such interactions is limited to a few disturbances and is, to a great extent, site specific. Furthermore, as the climate changes, alterations in disturbance regimes that are presently characterized will become more uncertain. The impact of human interaction with disturbance through behavior, management, policy, or regulation is also poorly understood and restricted to specific locations and disturbances. Research in this Problem will contribute to the need for more thorough understanding of what causes threats and their potential impact, and how that potential might change given the introduction of a new disturbance factor or a new management strategy.  It will also provide insight into what mitigation measures are needed. All of these are aimed at an outcome of early detection and rapid and appropriate response to threats, which is key to minimizing the impact on human values.

Potential clientele, societal and scientific benefits:  Benefits to science and society from this research will be in the form of fundamental understanding of the complex interactions of disturbances, and their interplay with management if they reach a threshold level of concern. Outcomes of the research will inform the science community seeking to improve models that explore interacting disturbances on the landscape and the management and regulatory communities that use those models to devise control or mitigation strategies to protect human values that may be at risk.

Deliverables associated with this Problem include contributions to the scientific literature and fundamental advances in the ability to model multiple interacting disturbances and social perception of them. New models arising from this work will lead to more accurate evaluations and assessments of potential land management and regulatory strategies for addressing multiple disturbances at a variety of spatial and temporal scales.

Likelihood of Success in Problem Work  

The likelihood of success in this Problem is high. The PNW Research Station has strength in many facets of disturbance ecology such as fire and fuels science, invasive species, insects and disease, and climate change. The station has developed excellent methods and models to conduct laboratory, field, and modeling research. Station scientists have strong collaborative relationships with scientists at universities and other federal agencies. The PNW Research Station has long experience with adaptive management and the interactions between social systems and forest management through its engagement with the Northwest Forest Plan. Finally, the station has a strong relationship with WWETAC that could provide a proving ground for many of the concepts and practices developed through research.

Approach to Problem Solution

Research in this Problem will use a combination of field methods and experimental approaches and mechanistic and statistical modeling methods. Retrospective analyses of co-occurring disturbances will shed light on where and when interactions might be important and what the nature of the disturbance might be. Field research and experimentation will be used to test theories of how disturbances might interact, for instance, how might herbivory influence the extent and severity of an infestation of an invasive plant, and what might be the consequence with regard to fire? Or, how do development patterns and homeowner behavior near wildlands interact with fuels conditions on the landscape, and what are the consequence for fire?  Results of retrospective analyses and field research will be incorporated into modeling frameworks that will allow “what-if” questions—questions that are particularly important if what are considered normal disturbance regimes now change in response to climate change, management, and other anthropogenic drivers. Finally, characterizing the interactions and potential consequences will allow assessment of at what point a threat is perceived, and what management strategies might be employed to control or mitigate the threat.
Problem 3.  What thresholds exist in ecosystem dynamics; what are the biological, physical, and social consequences of crossing these thresholds; and how do people perceive and respond to disturbances that are approaching or have crossed their biological or physical thresholds?

Forests and rangelands are driven by processes such as carbon, water, and nutrient cycling; successional trajectories; and disturbances, such as fire, herbivory, and disease. Some state changes appear to be more dramatic, such as those caused by insect infestations, disease epidemics, or stand-replacing fires, among others. Although these disturbances may be a normal part of ecosystem processes and function, they may also result from unusual circumstances, or from interacting stresses, that change the regulation of disturbances. For instance, warm winter temperatures may favor large overwintering populations of bark beetles, or fire suppression may result in the buildup of fuels beyond what has existed in the past. When such situations occur, there may be large, rapid, or significant change in ecosystem dynamics. In some cases, a biological or physical threshold may be crossed, at which point, fundamental change in composition, properties, or states of the ecosystem may change. Research in this Problem will seek to identify those thresholds and develop methods to predict when they may be crossed. Work will also focus on the human response to real or potential changes in thresholds.

Problem 3 Elements

3.1. Identify thresholds, including indicators of an impending threshold, by studying properties associated with the pre and post-threshold system
Knowledge of ecological thresholds is currently limited, and in most cases, indicators of impending threshold changes are unknown. Research will focus on methods to identify key ecological thresholds and processes, states, and transitions that are associated with threshold changes.

3.2. Characterize and quantify the consequences associated with threshold changes
Consequences of threshold changes range from trivial to potentially catastrophic. Research under this element will develop methods to describe both the ecological and human consequences of key thresholds. In particular, the magnitude and extent of consequences associated with interacting disturbances that could result in wholesale changes in ecosystem processes and function will be explored.

3.3. Determine when people perceive and respond to threats and consequences resulting from threshold changes
While it is critical to understand the cause and consequence of crossing ecological thresholds, it is equally important to understand how people perceive and experience ecological thresholds and the effects of crossing them. Work in this element will merge human perception and reaction with ecological cause and consequence to characterize when nearing or crossing a threshold is realized as a threat by interested parties or the public at large.

Problem Importance 

People served and issues addressed:  In the face of multiple, interacting disturbances, there is a pressing need for proactive management actions to avert changes that can alter the fundamental nature of natural systems. For instance, in the interior West, the co-occurrence of large areas of insect-killed forests, heavy accumulations of ground fuels, and climate change-induced drought currently threaten homes and municipal water supplies, as well as other human values. Research in this Problem will identify indicators of impending ecosystem changes (interactions of drought and insect populations that result in outbreaks) so that management actions may be taken in advance to protect human values at risk. Coupled with predictive models developed in Problem 4, and with management variables addressed in Problem 5, landscape management strategies will be developed to control or mitigate the most important consequences of disturbances.

Potential clientele, societal and scientific benefits:  At present, knowledge of ecological thresholds related to multiple interacting disturbances is limited. In particular, the relationship between process thresholds, ecological consequences of change, and human perception of both values at risk and the consequence of change will provide new and integrated approaches to characterizing, assessing, and managing threats. Potential clientele range from those interested in fundamental ecological processes to those who manage lands and formulate land use policy.

Deliverables from research in this Problem include new methods for providing early warning of threats and for assessing and addressing human perception and attitudes related to ecological threats. Methods developed through research in this Problem will be available for use by WWETAC as they conduct specific assessments for clients West-wide.

Likelihood of Success in Problem Work  

This Problem provides an outstanding opportunity to collaborate across programs within the station and with partners. Basic research in ecological process and function will be scaled across landscapes and integrated with knowledge of how humans interact with natural resources, and how those interaction play out in terms of goods and services demanded by society. In essence, success in this Problem requires the expertise of what have been identified in PNW Research Station’s Strategic Business Plan as five areas of fundamental strength. Thus, the likelihood of success is high.
Approach to Problem Solution

To identify thresholds related to multiple interacting disturbances, empirical studies, retrospective studies, simulation, and studies of human response will be necessary. Field experiments and measurement campaigns will be used to document conditions associated with major changes in ecological process and function. Results of the studies, and those from retrospective analysis of threshold changes that have occurred in the past, will be linked with remotely-sensed data to determine potential signs and indicators of change. Parameters related to interacting disturbance will be incorporated into simulation frameworks so that modeling experiments can be used to explore “what-if” scenarios. Finally, human reaction to changes in ecosystem condition related to interacting disturbances will be assessed to characterize perceived values at risk and the magnitude of consequences associated with perception of threats.
Problem 4.  How are ecological patterns and processes managed to reduce the probability, magnitude, and consequences of a threat?

Great progress has been made in understanding ecological processes and patterns across landscapes. Initial attempts, notably in strategic placement of hazardous fuel reduction treatments, are promising. Research in this Problem would focus on elevating understanding of landscape process and pattern to include assessments of multiple interacting disturbances with the goal of developing new strategies and management options to reduce threats over large spatial scales. As with other Problems in this program, results of biophysical analyses would be coupled with socioeconomic factors in order to assure the results would be physically feasible and socially acceptable.

Problem 4 Elements

4.1. Determine the landscape placement, magnitude, and frequency of activities necessary to manage threats at an acceptable level, including potential tradeoffs
The spatial magnitude of potentially threatening conditions in the forests of the region and Nation is tremendous; almost complete mortality of overstory caused by insect infestations occurs on millions of acres, infestations of invasive plant and aquatic species are widespread, and fuels at hazardous levels are common. It is not possible to treat every acre, so new methods need to be developed to determine the optimal placement of management activities on the land to achieve the most pressing threat reduction needs. Progress has been made to develop such methods for hazardous fuel reductions. Research in this element will focus on expanding that work to include multiple disturbances to protect multiple human values. It will also examine the frequency, distribution, and types of management activities currently taking place to control threats across ownerships, and their effectiveness.

4.2. Develop ecologically acceptable practices at appropriate temporal and spatial scales to achieve effective landscape management
Research in this element will seek to integrate new ecological theory, as well as traditional and local ecological knowledge, with landscape management practices to devise new methods to achieve specific goals such as protecting habitat critical to sustaining populations of threatened animals or plants, forests or rangelands with unique characteristics such as very large old trees, or places having unique value to people.

4.3. Identify how people can and do adapt to and help mitigate threats to achieve effective landscape management
People own, live near, use, manage, and value forests and rangelands. Without the cooperation and participation of the public at large and of private landowners, it is unlikely that management actions designed to mitigate threats will occur and be successful. Research in this element will lead to a better understanding of what people can do and are willing to do to reduce the likelihood of threatening conditions.

4.4. Determine what socioeconomic factors enhance or constrain management and adaptation
Management to reduce threatening conditions is challenging. It calls for changes in behavior, it is expensive, it engenders conflict, and there are institutional barriers to success.  For example, a major issue facing public land managers is how to pay for landscape treatments they believe are necessary to reduce the likelihood of a threat playing out. In addition, as mentioned above, the public must approve of management in order to implement it successfully. A major issue facing private landowners is whether management actions to reduce threats are economically viable and consistent with their other land management goals.  In this element, an analysis of the factors that currently constrain management (e.g., cost, markets for forest products and ecosystem services, unacceptable management practices, lifestyle preferences, lack of local and institutional capacity), and those that could enhance management success (e.g., alternative management approaches, increased local business capacity, market opportunities, government programs and policies, public education) will provide input to the development of new options.

Problem Importance 

People served and issues addressed:  Millions of acres of forests and rangelands in the United States currently face threats related to natural and human-caused disturbance. Resources are not available to mitigate even a fraction of the current threats. To reduce the magnitude and potential consequences of threatening conditions on a regional and national scale, new methods need to be developed to prioritize the type and placement of management actions at a landscape level. Research in this Problem will integrate theory with practice to develop new and acceptable management practices that are effective, acceptable, and cost efficient.

Potential clientele, societal and scientific benefits:  Analyses and assessments conducted in this Problem will span ownership boundaries, thus outcomes of the research should be of interest to federal, state, and private land managers and to the public at large. New approaches to science-based management will provide a paradigm for land management that incorporates public perception and acceptance while making most effective use of resources available to mitigate threatening conditions. To a large extent, the scientific benefit of research in this Problem will be the application of new ecological theory developed in the Ecological Process and Function Program with landscape management concepts under study in the Land and Watershed Management Program.

Deliverables associated with research in this Problem will include management options to address multiple interacting disturbances across ownerships and with varying spatial and temporal scales. Options will be focused on preventing or mitigating undesirable ecological change. It is likely that research in this Problem will be extended through collaboration with WWETAC to provide strategies for implementation on the ground.

Likelihood of Success in Problem Work  

The likelihood of success in this Problem is high and is aided by the fact that the time is right to develop the knowledge and methodology proposed. The PNW Research Station is uniquely positioned because of the tremendous variety of landscapes and issues on hand. For instance, there are special concerns associated with management of lands under the Northwest Forest Plan. At the same time, there are large extents of dry, fire-prone forests and rangelands. Alaska presents different opportunities, particularly with regard to rapid changes in climate that likely affect forests. The PNW Research Station has excellent strength in both landscape ecology and socioeconomics. In addition, we have excellent collaborative relationships with land managers in Regions 6 and 10. 

Approach to Problem Solution

The approach to the biophysical component of this Problem will rely on empirical field studies, retrospective analyses, and simulation approaches that model disturbance dynamics in relation to management across landscapes. Field studies will provide fundamental ecological information about interacting disturbances. Retrospective analyses will help frame potential outcomes, and simulations will allow “what-if” scenarios that will be particularly useful to land managers and the public. It will be important to incorporate projections of future climate, down-scaling projections to the appropriate landscape resolution so that realistic vegetation cover can be simulated. 

Socioeconomic analyses will depend on close collaboration with the Goods, Services, and Values Program.  The approach will include empirical field studies, analysis of secondary data, survey work, and institutional analysis.
Problem 5.  What is the range of possible future conditions and what are the uncertainties and tradeoffs associated with them?

It is impossible to know the future with certainty, except of course to know that it is uncertain and will likely be filled with unexpected happenings. However, using ecological theory and simulation modeling, it is possible to estimate the range of future conditions under a set of assumptions and scenarios and to provide some idea of the uncertainty associated with that range. Further, by examining what might happen under a variety of possible futures, the tradeoffs—the willingness to accept one consequence to avoid another—can be assessed to provide input to the land management decision process. Research in this Problem will improve knowledge of the universe of potential or probable futures so that land managers and the public can make decisions with an understanding of associated uncertainties and potential consequences.

Problem 5 Elements

5.1. Develop frameworks for identifying possible future conditions and processes, including human values, in a variety of landscapes over multiple spatial and temporal scales.

At present, there are myriad efforts to identify and summarize potential future conditions across landscapes. In most cases, either the biophysical conditions, or the human values are addressed, with less emphasis on providing an integrated approach to understanding likely future conditions. The need for such an approach, and a framework that could be implemented across forests and rangelands of our region, will be addressed in this element. The outcome of the work will be to establish a consistent method for use in natural resource planning.

5.2. Characterize the biological, physical, ecological, and social components of uncertainty, and potential interactions associated with the range of possible future conditions.

Each component of a landscape that faces threats has a degree of uncertainty associated with it. Further, it is likely that these uncertainties interact, resulting in an even murkier view of the future. The goal of research in this element is to understand the interaction among the components of uncertainty and the feedbacks in the socioecological system, both positive and negative, that will affect the success of land management strategies.

5.3. Develop adaptation and mitigation strategies and implementation methods, and assess the associated tradeoffs, to manage the trajectory to future conditions.

Using the knowledge generated in all Problems and elements in the program, the ultimate outcome is to be able to manage lands to reduce threatening conditions in an acceptable, effective, and efficient manner. This element integrates program efforts, informed by the work in and collaborations with other programs and partners, to create methods to achieve the goal.

Problem Importance 

People served and issues addressed:  At present, there is confusion over the use of concepts such as the historical range of variation, future range of variation, and desired future condition, to develop management paradigms. Land managers have expressed a desire to either have clarity on the pros and cons of expressions of uncertainty as related to management goals, or new methods to quantify future conditions and the associated uncertainty. This Problem addresses those needs and will integrate biological, physical, and socioeconomic factors in doing so.

Potential clientele, societal and scientific benefits:  The outcomes of this research will provide a science-based framework for addressing uncertainty and making management decisions that are informed by a more complete understanding of the tradeoffs associated with those decisions. A problem that has plagued the interaction of land managers and the public for decades has been the inability to portray uncertainty associated with land management goals and the tradeoffs associated with the range of possible actions, given the uncertainties. Further, the analyses conducted under this Problem should clarify concepts of uncertainty and provide guidance on the appropriate use of various estimates.

Deliverables under this Problem will include fundamental contributions to the scientific literature regarding the nature, cause, and consequence of uncertainty in ecological, physical, and social sciences. In addition, a better understanding of uncertainty will lead to the development of strategies to present and discuss management options, and their associated uncertainties, with the public.

Likelihood of Success in Problem Work  

The PNW Research Station has a long history of developing concepts relating to historical and potential future conditions of landscapes and the associated uncertainties. Given the expertise in resource monitoring, ecological processes and landscape ecology, the station is well positioned to succeed in this effort. The strong and ongoing collaborations with land managers will provide ample opportunity to test concepts, frameworks, and methods developed in this research. Given the situation, the likelihood of success is high.

Approach to Problem Solution

The approach to this Problem will require retrospective analyses of multiple interacting disturbances coupled with modeling of likely future conditions to create “what-if” scenarios. Based on ranges of potential future conditions and likely landscape response, estimates of uncertainty around future condition will be developed. Management options developed in Problem 4 can then be imposed to further characterize and quantify the uncertainty around potential futures.

ENVIRONMENTAL CONSIDERATIONS

No adverse environmental effects are expected as a result of research proposed in this charter, however, the potential will be revisited in the development of problem analyses and study plans. Where necessary, National Environmental Policy Act analysis will be conducted.

STAFFING PLAN and COST ESTIMATES

The TCM Program will be staffed with about 18 full-time employee (FTE) Research Grade Evaluation Guide scientists representing expertise in forest and landscape ecology, plant pathology, entomology, silviculture, hydrology, meteorology, invasive species ecology, and physical and ecological effects of fire. An additional 18 FTEs to provide  professional, technical, and administrative support are assigned to the program. The base budget from appropriated funds will be approximately $4 million per year, exclusive of facilities and station administrative costs. The program budget will be supplemented with support from initiatives, such as climate change appropriations from the Washington Office, as well as through competitive funding from organizations such as Joint Fire Science Program and National Research Initiatives.

APPENDIX: Relationship to Other Programs at the PNW Research Station

	Threat Characterization & Management Program Problems 
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Problem Elements
	Other PNW Foundational Programs and Program Problem Numbers

	
	Resource Monitoring & Assessment  
	Ecological Process & Function
	Land & Watershed Management
	Goods, Services & 
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	Problem 1.  How do we characterize and measure the cause, occurrence, extent, and consequences of threatening conditions and people’s perceptions of them?
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1.1  Develop detection methodologies and document cause, occurrence, and distribution of threatening conditions
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	1.2  Characterize the present and potential future social and environmental consequences of threats.
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	1.3  Determine when a large, rapid, or significant change to an ecosystem is perceived as a threat. By whom? To what societal values? 
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	1.4  Develop conceptual, empirical, or process, models of occurrence and dynamics of a threat as a function of biological, physical, ecological, or anthropogenic factors.
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	Problem 2.  How do ecological or social processes interact across multiple scales to become potential threats?
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	2.1 Determine the major components of uncertainty associated with the interactions among processes.
	
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2.2 Determine whether processes interact, and if so in what manner.
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2.3 Characterize and quantify the nature and magnitude of interactions among processes.
	
	X
	
	
	
	
	
	X
	X
	
	
	X
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Problem 3.  What thresholds exist in ecosystem dynamics, and what are the consequences of crossing biological, physical, and societal thresholds?
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.1 Identify thresholds, including an approaching threshold, by studying properties associated with the pre-and post-threshold system.
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	3.2 Characterize and quantify the consequences associated with threshold changes.
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	3.3 Determine when people perceive and respond to threats and consequences resulting from threshold changes.
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	Problem 4.  How are ecological patterns and processes managed to reduce the probability, magnitude, and consequences of a threat?
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4.1 Determine the landscape placement, magnitude, and frequency of management activities necessary to control threats at an acceptable level, including potential tradeoffs.
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	4.2 Develop ecologically acceptable practices at appropriate scales to achieve effective landscape management.
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	4.3 Identify how people can and do adapt to and help mitigate threats to achieve effective landscape management. 
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	4.4 Determine what socioeconomic factors enhance or constrain management and adaptation.
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	Problem 5.  What is the range of possible future conditions and what are the uncertainties and tradeoffs associated with them?
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	5.1 Develop frameworks for identifying possible future conditions and processes, including human values, in a variety of landscapes over multiple spatial and temporal scales.
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	5.2 Characterize the biological, physical, ecological, and social components of uncertainty, and potential interactions associated with the range of possible future conditions.
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	5.3 Develop adaptation and mitigation strategies and implementation methods, and assess the associated tradeoffs, to manage the trajectory to future conditions.
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� For the purpose of this charter, a threat is considered to be conditions in the environment whereby a significant part of the public perceives the potential to cause damage to something that they value.
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