Land and Watershed Management Charter

2 of 23

LAND AND WATERSHED MANAGEMENT PROGRAM CHARTER

Pacific Northwest Research Station


[image: image1.png]EARCH STATION

T
Vs
L
=
T
|
}
O
} Z
E U
T
U W
f <C LU

»
R





Review and Approval
[image: image2.emf]
(Adapted from FSM-4000-1)
CHARTER

LAND AND WATERSHED MANAGEMENT PROGRAM
Pacific Northwest Research Station

Executive Summary

This charter is a contract between the Station Director and the Washington Office (WO) Deputy Chief of Research (concurrence), after recommendation from the program manager and those WO Staff Directors who have lead Strategic Program Area (SPA) responsibility.  It represents the first step to implementing the Agency’s Strategic Plan.  In support of the national Research and Development (R&D) Strategy and the Pacific Northwest (PNW) Research Station Strategic Business Plan, the Land and Watershed Management (LWM) Program mission is to increase understanding of terrestrial, aquatic, and riparian ecosystems and their linkages to inform management and policy options and develop tools to enhance or maintain the production of desired goods and services.    

The scope of this mission encompasses three major R&D Problems in the program:

Problem 1: Improve knowledge of terrestrial, aquatic, and riparian ecology and their linkages essential for managing these ecosystems
Problem 2: Develop integrated management alternatives to provide for desired goods and services 
Problem 3: Create and refine models, databases, and tools to evaluate management alternatives
These three research problems address basic science needs of managers and decisionmakers for evaluating land management actions.  These problems represent important biological, physical, and social considerations for forest ecosystems. They also reflect a strong science-management partnership that is vital to addressing societal demands for goods and services from our forest landscapes and informing the ongoing public debates in a manner that provides science-based alternatives for consideration in the decisionmaking process. 
Research in the LWM 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 R&D SPAs.
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R&D PROGRAM NUMBER  

TBD

Station

Pacific Northwest Research Station

R&D PROGRAM LOCATIONs
TBD

R&D PROGRAM TITLE

Land and Watershed Management (LWM) Program

PROGRAM MANAGER

John A. Laurence, acting program manager 

AREA OF RESEARCH APPLICABILITY

Terrestrial, aquatic, and riparian resources: soils, geomorphology, hydrology, biogeochemistry, site productivity; aquatic and riparian biota; plant processes, silviculture, genetics, and field operations; primarily in southeast Alaska, Oregon, and Washington; also throughout the Western United States and international.

ESTIMATED DURATION

The LWM 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
Increase understanding of terrestrial, aquatic, and riparian ecosystems and their linkages to inform management and policy options and develop tools to enhance or maintain the production of desired goods and services.
JUSTIFICATION AND PROBLEM SELECTION
Program Justification
Purpose

A critical outcome from this program is to provide managers, policy and decisionmakers, regulators, and the public with a better understanding of the agents and pathways of change in terrestrial, aquatic, and riparian ecosystems, specifically so that forest and range management decisions are informed by the best available science-based knowledge and tools (e.g., see Goal 7 of the USFS Agency Strategic Plan)  Unprecedented stresses on forest ecosystems, including wildland fire, global change, land use changes, and changes in how society values natural resources, are complicating the ability of land managers and policymakers to provide sustainable flows of goods and services from forests, rangelands, and watersheds while maintaining biodiversity. The public, stakeholders, and regulatory agencies scrutinize management activities on public and private lands, and increasingly on private lands. They hold land managers accountable to show that their actions effectively achieve management goals while maintaining or restoring properly functioning terrestrial, aquatic, and riparian ecosystems.  Meanwhile, monitoring the outcomes of management has proven to be difficult and expensive with existing methods.  

Focus

Particularly important is information that determines how ecosystems respond to disturbance caused by management and natural forces. Understanding these responses helps managers to develop strategies that create conditions to enhance the resilience of these ecosystems in the face of environmental change.  Research and development (R&D) by the Land and Watershed Management (LWM) Program, in cooperation with other station programs, provides scientific information, methods, and technical application services to policymakers, resources managers/owners/planners, regulatory agencies, communities, and other publics. This program holds much of the station’s current strength in terrestrial and aquatic applied research areas.  However, there will be an increased emphasis to link with riparian areas whenever appropriate to provide additional land management options, especially those implemented at the stand or stream- reach level.  Research and Development products better enable these decisionmakers to provide goods and services in a sustainable manner, evaluate the efficacy of achieving management goals, and assess the management effects on linked terrestrial, aquatic, and riparian ecosystems.
Information/Technology Transfer
Transfer of scientific, technical and general information and other outputs from LWM research will be critically important to enable the above-noted general benefits of program work to be realized, i.e., to enhance recognition, understanding, application, and impact of program research.  Dissemination of science findings to the external scientific community will be accomplished via conventional peer-reviewed or refereed publications, presentations at scientific meetings, and direct consultation with peer scientists external to the program.  Technology transfer programs to clientele (i.e., external users) will be designed and delivered by LWM scientists and professional staff, sometimes in partnership with the Pacific Northwest (PNW) Research Station’s Communications and Applications Group, Focused Science Delivery (FSD) Program, Western Wildland Environmental Threat Assessment Center (WWETAC) and/or other PNW programs/teams.  External partnerships (e.g., National Forest System, State and Private Forestry, other state/federal agencies, universities/cooperative extension, non-governmental organizations) also can and will be used in development and implementation of tech transfer programs.  
Relationship to National Agency Strategies and Goals
The program contributes to three 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

Goal 2:   Provide, Sustain and Enhance Benefits to the American People 

Goal 7:  Improve the Scientific Basis for Sustainable Natural Resources Management 

The program contributes to four major strategic program areas (SPAs) as defined in the USDA Forest Service Research and Development Strategic Plan, 2008-2012:

1. Water, Air and Soil 

2. Resource Management and Use

3. Wildlife and Fish  

4. Inventory, Monitoring and Analysis

Other SPA contributions would be to: 

5. Wildland Fuels and Fire

6. Invasive Species 
7. Resource Data and Analysis 
Relationship to Station Strategies and Other Programs

The PNWResearch Station is structured to take advantage of cooperation and integration of employees working in teams and programs to address questions and issues, to research problems and produce knowledge and products that will answer the needs of society.  The LWM Program supports and encourages collaborations among program scientists and staff, irrespective of team boundaries, and with scientists in other programs to leverage the talent needed to answer the increasingly integrated questions.  This collaborative research structure is an important aspect of PNW Research Station research, development, and application environment.  The program promotes integration of skills to answer the broad-based questions society is asking about interrelationships and processes.

The LWM Program is established in the station’s Strategic Business Plan and has strong ties to the other foundation programs. The development of management options by LWM will depend heavily on research information generated by the other station programs: Ecological Process and Function (e.g., basic research on understanding mechanisms and functions); Threat Characterization and Management (e.g., research on large-scale threats such as invasives and fire, to managed lands and aquatic systems); Goods, Services, and Values (e.g., societal expectations for managed or unmanaged lands); and Resource Monitoring and Assessment (broad inventory and monitoring information and uses of new remote sensing technologies and applications). In addition, the program will work closely with the FSD Program and the WWETAC, along with the station’s Communications Group to deliver creative and innovative services and products.  Please see Relationship of LWM Program to Other PNW Foundational Programs, in the appendix.

Program Problems

Three major research problems with broad scope constitute the foundation of the program mission, each of which encompasses many components important to PNW Research Station clients and society at large.   These three research problems have been chosen because they address basic science needs and the science-based options needed by managers and decisionmakers for evaluating land management actions.  These problems represent the importance of biological, physical, and social considerations for forest ecosystems. They also reflect a strong science-management partnership that is vital to addressing societal demands for goods and services from our forest landscapes and informing the ongoing public debates in a manner that provides science-based alternatives for consideration in the decisionmaking process.  The synergy among the three problems addressed by the charter reflects integration and strong interdisciplinary linkages among the disciplines and research areas within the program and across programs.

Problem 1:  Improve knowledge of terrestrial, aquatic, and riparian ecology and their linkages essential for managing these ecosystems

The issues challenging land managers and decisionmakers today, including the public, require improved understanding of the basic ecology of terrestrial, aquatic, and riparian species and processes.  Of particular importance in this problem is improving our understanding of just how these systems and dynamic processes are integrated at multiple spatial and temporal scales, a scope that includes a substantial array of conditions and management actions.  

Problem 1 Elements
1.1:  Increase our integrated understanding of dynamic processes and linkages that affect terrestrial, aquatic, and riparian systems at multiple spatial and temporal scales
Terrestrial, aquatic, and riparian systems are linked through the exchange of energy, materials and biota. To develop management options for a broad range of services, new knowledge on the interrelationships between forest structure, composition and dynamics, and the hydrologic and geomorphic processes that determine riparian and aquatic functionality are required. There will be a continued need for basic physical, synecological and autecological studies of terrestrial, aquatic, and riparian components of watersheds and landscapes.  In addition, there is a need for this research to be conducted across the full spectrum of spatial and temporal scales in a holistic context that facilitates integrated understanding.

Terrestrial, aquatic, and riparian processes that deliver water and produce habitat are driven at large spatial scales by climate and geology. At finer scales, local physiography, surface geology, soils, microclimate, and vegetation are ecosystem drivers. Fundamental research is needed to better understand how the hydrogeomorphic processes that shape riverine networks interact at the landscape to basin scale with the physical and biological mechanisms that transfer energy, materials (e.g., nutrients, sediment, and wood), and biota throughout these systems to produce desirable outcomes such as high-quality water and healthy fish populations.  

1.2:  Increase knowledge of hydrologic, geomorphic and biogeochemical processes, including natural disturbances that create, maintain, or modify the long-term productivity of terrestrial, aquatic, and riparian habitats and ecosystems
The knowledge of disturbance effects and recovery processes in terrestrial, aquatic, and riparian systems forms the basis for much of our management options and monitoring protocols. However, there is still a lack of knowledge on habitat requirements for species and organisms of those systems and how management can be used to restore or enhance such habitat.  Despite a rich history of disturbance ecology research and application, new knowledge is needed to address emerging natural threats such as global change to valued species to assess the effects of human-caused disturbance—including forest management activities—on resources and long-term productivity, and to design management options that are better adapted to changing societal expectations.  We recognize that disturbance may provide important resources such as food or nesting sites, and that recruitment of wood and some sediment into streams is important to sustaining healthy stream systems.  

Additionally, information linking soil-water effects, carbon/nutrient cycling, and transport will help explain observed differences in site productivity and landscape-level linkages between source and sink terrestrial sites and among the linked terrestrial, aquatic and riparian systems.  As carbon is potentially an emerging global currency, this work is increasingly important to understanding how the dynamics affect scientific attempts to predict carbon budgets at a much larger scale.  A major challenge is to understand functions (e.g., distribution of hyporheic exchange) at scales larger than individual stream reaches.
With a better understanding of habitats that meet the various needs (e.g., food, shelter, and reproduction) of fishes and wildlife, we can design management options to meet those requirements.  In some cases, this may require strategies to combat invasives and/or offer management options that lower landscape risk to invasives.  On landscapes where we are reestablishing vegetation or restoring fire-prone landscapes with native plants to improve or augment habitat, fire risk of that vegetation layer requires consideration in addition to the aquatic or wildlife benefits. 

Problem Importance 
People served and issues addressed: Research will emphasize the discovery of new information, the ecological requirements of species or communities, and development of innovative and effective tools to include the restoration of biological complexity, and conservation of at-risk native species.  Strategies to effectively manage for diverse values are hampered by lack of knowledge needed to develop conceptual frameworks and long-term management tools.  Information derived from the research conducted under this Problem is apt to be of most benefit to scientists and staff specialists such as ecologists, wildlife and fisheries biologists, soil scientists, geneticists, silviculturists, and hydrologists, as well as forest resource managers.  The research community will be better able to understand the interrelationships among biological, ecological, and physical structures and processes operating on the viability of plant and aquatic populations in relation to other organisms and the production of goods and services desired by society. New knowledge will be transferred in such a way that land managers, resource specialists, and interested publics will also benefit from the work.  Knowledge of the basic ecology across these systems is fundamental to designing management options in Problem 2.

Publication in refereed journals will be emphasized under this issue.  Although many of the studies are long term, scientists will be encouraged to publish results as soon as significant information becomes available.  Results that would be used by managers, resource specialists, decisionmakers and policymakers, regulators, or the public will be disseminated in ways that will be most useful to them.  These include station series papers and presentations at workshops.  Other forms of technology transfer will include articles in newsletters, field trips to study sites, and consultations. Research outcomes under this Problem will provide the scientific knowledge foundation for development of management principles and tools addressed under Problem 2.

Potential clientele, societal and scientific benefits: Strong collaboration among scientists and managers will lead to broad, integrated management strategies that will be used to satisfy public demands for achieving diverse outcomes in land management.  New knowledge of ecological relationships in other key biotypes ranging from riparian areas to fire prone, dry forest uplands and savannas will enable scientists, managers, and the public to work together to improve managing forests for health and diversity and for a broader range of benefits.

New knowledge about physical processes in watersheds and their influences in maintaining clean water and healthy ecosystems is being used to improve the scientific basis for management plans and policies for natural resources throughout the Pacific Northwest region, including British Columbia. Both basic and applied research will provide knowledge critical to improve the understanding of linkages between management practices and ecosystem processes.  This knowledge can be used to evaluate regional aquatic conservation strategies and management strategies, such as the Northwest Forest Plan and the Tongass Land Management Plan on federal lands and the Habitat Conservation Plans for state and private organizations, with respect to watershed functions.  Development of new methodologies will help provide tools needed to apply this knowledge in ways that can be used to balance benefits to multiple resources and provide for the long-term sustainability of social, economic, and ecologic systems throughout the Pacific Northwest region and southeast Alaska.

Likelihood of Success in Problem Work  

There is a high probability that the research program will generate new knowledge about the ecology and management of these linked forest systems.  Most current information is limited to the ecology within the terrestrial, aquatic, and riparian systems.  Thus, new data and understanding on the linkages of these systems will likely advance the base of scientific knowledge.  In addition, enough of this work has already been initiated and results will become available much sooner than if all of the research was starting from the early stages of problem analyses and planning.  Many of the techniques and approaches to be used in the next 10 years have been tested, refined, and have proven effective in providing high-quality information.

Approach to Problem Solution

A variety of field studies serving as living laboratories will be necessary for this Problem area. Whereas some of the research can be conducted on experimental forests, the bulk of these studies and field collections will be conducted on state, private, and federal lands, requiring close collaboration with the land managers and owners.  This is especially important for large-scale sampling efforts such as ecological silviculture, fundamental genecology studies that relate the environment to geographic genetic variation patterns and structure, individual species or communities of concern, and for characterizing the linkages and productivity of these systems over a sufficiently wide range of conditions.

Coupled with the field studies will be experiments conducted in more traditional confines of greenhouses, lath houses, seedbeds, growth chambers, wet labs, and so forth.  In addition, the data collection efforts and metrics will be tied into new or existing statistical and mechanistic models, including models of multiscaler models using and improving remote sensing techniques that better describe the topography and morphology of these systems.  Most information transfer under this Problem would be expected to use a variety of vehicles such as journal outlets, conference proceedings, station general technical reports, workshops, etc.

Problem 2. Develop integrated management alternatives to provide for desired goods and services

Managers have a critical need for a better understanding of the agents and pathways of change in terrestrial, aquatic, and riparian ecosystems. Particularly important is information about the cause-and-effect linkages that determine how ecosystems respond to disturbance caused by management and natural forces. Understanding these responses helps managers to develop strategies that create conditions to enhance the resilience of these ecosystems in the face of environmental change.  Public and private sector resource managers, primarily in the Pacific Northwest and Alaska, will derive the most direct benefits from the research and development conducted under this issue.  However, the results will also apply either directly or indirectly throughout the Western United States and elsewhere in the world where conditions and situations are similar to the areas under study, and be of interest to other scientists.  

Problem 2 Elements
2.1: Develop principles for integrated management of terrestrial, aquatic, and riparian habitats and ecosystems
Forest ecosystems are inherently complex and their management should embrace this complexity in both the formulation of desired conditions and dynamics, and in the translation of societal desires to site- and landscape-specific production objectives. Based on development of fundamental understandings of the physical and biological processes linking aquatic, riparian, and terrestrial ecosystems (Problem 1), land and watershed management practices will be developed through research that more fully characterizes various influences of forest management practices that may have complementary or competing effects when viewed across linked terrestrial, aquatic, and riparian ecosystem components. Improved management will arise from a greater recognition of the processes or currencies that link the terrestrial, aquatic, and riparian elements of watersheds. This research will expand on more conventional forest management research by evaluation of management practices not only as site-, stand- or reach-level activities, but with recognition that the influences of local management activities are translated throughout a watershed by the physical and biological materials and processes that link terrestrial, aquatic, and riparian components. Furthermore, management practices will be developed that reflect natural disturbance regimes. This is inherently a multiscaler undertaking as the disturbance processes influencing stream systems and terrestrial forests often occur at different spatial and temporal scales yet they are, commonly, functionally linked processes.  

The evaluation of departures from existing conditions and ecosystem processes is difficult without a conceptual model of key elements of an ecosystem. Information derived through observation and experimentation undertaken in Problem 1 will provide information for developing conceptual models for responses to management and elucidating the components of explanatory models. The concepts of adaptive management will provide a basis to improve the understanding of linkages between management practices and ecosystem processes for integrating terrestrial forest management actions with watershed functional responses. 

2.2:  Develop and evaluate strategies and options that best serve land managers to maintain, restore, or enhance key ecological processes, while adapting and mitigating for disturbance dynamics (climate change, fire, invasives, and land management)  

Demand has increased for information necessary to understand the tradeoffs and synergies among forest values, particularly on public lands. Resources of concern typically include wildlife and fish habitat, visual quality, compositional and structural diversity, old-growth legacy elements, productivity, and resistance to damaging agents. Recent terminology that is getting increasing use is generally referred to as restoration forestry.  Our focus is not on returning an ecosystem back to its historically natural condition; instead research on restoration efforts would address individual species such as native plants (not necessarily postfire issues) or more often, a desired forest or watershed function.  In addition to the biophysical functions, some functions might need to address habitat for species that are threatened or habitat needs for subsistence species of economic importance to ensure viability but also aid in development of conservation and recovery plans.

For aquatic ecosystems, a substantial body of evidence suggests that the most productive systems are not characterized by a static end-point condition, but rather may have resulted from infrequent but severe disturbances (fires, floods, landslides, etc.) in the past.  If this model that produces desired, highly productive aquatic ecosystem conditions is valid, concepts of what constitutes good habitat and management methods to identify, restore, and monitor it may need to be reexamined.  

While neglected species are important, restoration might include habitats for species for which we know little about species’ response to a change in habitat resulting from management actions or natural disturbances.  Watershed restoration efforts might be focused on a state of “condition,” which would likely entail putting streams, riparian zones, or upland forests on a trajectory towards a future desired condition.  Depending on the location, development stage, and management history of a watershed, the focus may be on the retention, creation, or maintenance of these features, particularly the linkages among terrestrial, aquatic, and riparian systems (e.g., recruitment of upland wood into riparian systems). 

Public land policy decisions are frequently influenced and constrained by the management needs of rare species or populations within species, and often refer to adaptation or mitigation.  Adaptation is managing ecosystems that are resilient (i.e. continue to function in the face of change), whereas mitigation is managing to reduce the change agent (e.g., managing forests to sequester carbon). Sustainable adaptation and mitigation strategies are predominant issues facing forest management today, especially under changing climate, and have been explicitly recognized in several international agreements.  For example, the Santiago Agreement of 1995 offers three criteria for conservation and sustainable forest: (1) conservation of biological diversity including ecosystem, species, and genetic diversity; (2) maintenance of productive capacity of forest ecosystems; and (3) maintenance of forest ecosystem health.  The success or failure of some species to thrive in their range and adapt to new challenges is a direct reflection of their ability to adapt and the amount of selection pressure applied to these populations.  

Problem Importance 

People served and issues addressed: The Agency recognizes that only some goods and services that we derive from forests and grasslands are valued in the marketplace. Although forests and grasslands are valued for basic goods, such as food and wood fiber, these ecosystems also deliver important services that are often perceived to be free and limitless—clean air and water, flood and climate regulation, biodiversity, and scenic landscapes, for example–otherwise referred to as ecosystem services.  According to one international study, 60 percent of the worldwide ecosystem services (those evaluated in the study) are being degraded or used unsustainably.  Exactly which goods and services are compatible or in conflict, present a challenge for land managers and decisionmakers.  The station’s Goods, Services, and Values Program is organized to address social and economic processes and shifting societal values, along with market and nonmarket services. This Land and Watershed Management Program complements that effort by providing management options and methods necessary for land managers to evaluate tradeoffs in manipulation of natural resources, especially changes in ecosystem services such as water quality and production, carbon sequestration, energy options, wildlife habitat, and recreation opportunities.

Knowledge critical to science-based management will be derived using both basic and applied research approaches.  Terrestrial, aquatic, and riparian research will continue to refine our understanding of how management activities can be used to maintain and potentially enhance forest ecosystems while continuing to produce needed wood products and other values such as fish and wildlife habitat, clean water, special forest products, and publicly acceptable landscapes.  Those studies that integrate terrestrial, aquatic, and riparian research will allow development and testing of management alternatives that capitalize on knowledge that can only be produced through the combination of basic and applied research.  Development of new management alternatives and best management practices will help managers to better allocate limited resources for long-term sustainability of economical, social, and ecological systems of Pacific Northwestern and Alaskan forests.  

The R&D products that incorporate science knowledge into decisionmaking tools for resource managers will be emphasized under this issue.  Dissemination of early interim results will utilize newsletters and workshops, the latter including oral presentations, display posters, and papers in published proceedings.  Some of the field installations will make good demonstration areas.  This application will be encouraged by volunteering the sites as tour stops for appropriate conferences, association tours, and extension programs.  Final results will, for the most part, be published in station series papers or other appropriate, easily accessible documents.  Scientists will of course also submit new information or technology for publication in refereed scientific journals when it is appropriate.

Potential clientele, societal and scientific benefits: This knowledge is being used to improve the scientific basis for management plans and policies for natural resources throughout the Pacific Northwest region, including Alaska and British Columbia.  Research on a wide variety of terrestrial, aquatic, and riparian practices will increase the number and types of management options for providing conventional, as well as prospective, products and services from forests.  Testing of management practices on a wide variety of sites also will enable better matching of prescriptions and materials to individual sites.  Perhaps most importantly, by following the outcomes of treatments and practices, it will be possible to identify some of the factors critical to long-term management of productivity and health of forest ecosystems.  

New knowledge and new applications of technology generated by this research will be incorporated into models and strategic databases for use by resource managers and other research scientists.  For example, approximately 60 percent of the forest landscape is designated as Interim Riparian Reserves on federal forest lands in western Oregon and Washington to meet aquatic conservation objectives.  From 20 to 40 percent of the west-side landscape on state and private forest lands fall in riparian zones that require special management considerations under new state forest practices regulations.  Critical information needs exist for the management of riparian buffers and reserves and for alternatives to clearcutting. Studies of the production of multiple values often require research approaches that differ from past practices, and are often interdisciplinary, integrated, and multiscaler. 

Management can then be applied with a greater scientific basis, and managers will have a better understanding of the likely consequences of management activities.  In the final analysis, current and future citizens will benefit through improved economics of forest products and the existence of more sustainable, productive ecosystems.

Likelihood of Success in Problem Work  

It is likely that highly useful products and significant progress will result from the research and development performed under this Problem.  The integration of terrestrial, aquatic, and riparian research has an element of risk to it, because the linkages are not well understood and have been researched in a limited degree.  However, the potential to provide useful information is extremely high.  In cases where the objective is to develop silvicultural or operational practices for providing resource values past success and knowledge generation suggest that it is highly probable that practices can be developed to provide a higher level of socially desired values (e.g., timber, fish and wildlife habitat, carbon sequestering, water quality and yield).  In still other cases, changes in silviculture and forest operations are taking place so rapidly (e.g. changes in riparian management owing to new forest practices regulations, implementation of treatments to accelerate development of late-successional characteristics under the Northwest Forest Plan, and new mechanical fuels reduction operations) that little analysis is occurring before new systems are being implemented; thus, research and development will reduce risk of applying new “untested” systems.  

Approach to Problem Solution

This Problem is heavily oriented toward developing options for management, and so by its very nature demands close collaboration with managers for recognizing the issues of concern, the areas of study, and final outcome that can be used by the decisionmaker.  

Progress will require adaptation of basin- and landscape-scale models developed under Problem 1 to challenges specific to land management.  Effects of management on processes that control mobilization, routing and storage of water, sediment, and woody organic material will be modeled along with concurrent and predicted effects of other disturbances such as climate change and wildfire.  A particular focus on the creation, maintenance, or restoration of high-quality habitat will be required, in particular for threatened and endangered species.  Manipulation of disturbance magnitude and frequency through modeling will be employed to develop strategies that promote desired distribution and quality of habitat.

Although some long-term research studies might be conducted on experimental forests, regional large silvicultural efforts at operational scales that address ecological objectives that are vital to this problem area will continue to require other lands on national forests, state lands, and private lands.  These operational silviculture studies are valuable assets as well as primary major research approaches that provide the heterogeneity of forest and watershed conditions, structures, and breadth of land management context.  However, the future situation does not bode well for either the land area or resources to continue building on these efforts.  Future field studies may increasingly resemble management experiments.  Retrospective analyses will likely play an increasing role in field studies where we either do not have prior historical information or cannot afford the luxury of time to spend 20 to 30 years to gather the necessary information.  The modeling and simulation efforts should fill a major decision-support role as well.

The field studies will continue to be linked with the experiments conducted in greenhouses, wet labs, seedbeds, and growth chambers, as the field studies are often the validation or quality check of what is observed in the more controlled lab experiment.  In addition, the data collection efforts and metrics will be tied into new or existing statistical and mechanistic models, including models of multiscaler models.  Given the major interaction and collaboration with land managers, the production of decision-support tools and risk-management tools, monitoring methods and protocols, will all be of primary importance as production outputs in addition to the broad array of technical information transfer.  Information and technology transfer becomes especially prevalent in the Problem area, especially the daily or weekly consultations that take place between the scientists and users of the tools being developed. Most information transfer under this problem would be expected to use a variety of vehicles such as journal outlets, conference proceedings, station GTRs, workshops, and the day-to-day consultations.  However, the published results are increasingly important for land mangers’ environmental assessments.

Problem 3. Create and refine models, databases, and tools to evaluate management alternatives

Whereas the current models and tools continue to be very important in understanding and evaluating management options, are those models adequate to support solutions to challenges described in Problem 2?  What model refinement or new model development will be needed to predict linked terrestrial, aquatic, and riparian responses to management alternatives?  Scientists and managers need cost-effective and scientifically valid metrics and protocols that characterize the ecological conditions of these systems, ideally by developing and identifying key indicators that integrate individual metrics across a range of conditions and spatial scales.  Emphasis under this problem will also include developing metrics and protocols for monitoring to address the changes in condition of aquatic, riparian, and terrestrial ecosystems affected by management (e.g., effectiveness monitoring required by National Environmental Policy Act and anticipated under adaptive management strategies).  In this way, the effects of management and restoration activities that are propagated throughout these systems can be better assessed.  These efforts will require improved measurement techniques, database designs, analysis and models enhanced with visualization tools (utilizing visualization research from the station’s Research Monitoring and Assessment [RMA] Program).

Problem 3 Elements
3.1:  Develop techniques for measuring, modeling and predicting integrated structural and spatial characteristics, and process drivers of terrestrial, aquatic, and riparian habitats and ecosystems at multiple scales  

Complexity in natural resource management continues to increase as pressure for multiple outputs from limited lands increases.  To meet multiple demands, while complying with forest practices regulations and environmental laws, managers need detailed, site-specific knowledge regarding forest vegetation (both composition and structure) and terrain conditions.  Likewise, improved models that predict linked terrestrial, aquatic, and riparian responses to management alternatives are needed.  New measurement techniques that allow efficient collection of detailed site and resource condition data are needed—both for use in development of improved vegetation models through research and monitoring activities; and to provide site-specific data for use in formulation and implementation of management activities.

A number of important issues concerning watershed management at large spatial scales would benefit from increased knowledge of the long-term consequences of different options.  Such issues include the cumulative effects of variable landscape patterns and processes, aquatic and land connectivity, and forest management on aquatic and riparian ecosystems, habitat fragmentation, maintenance of native plant and animal communities, the productivity and viability of key species, and water quality.

3.2:  Develop strategies and tools for planning, evaluation, and management of integrated terrestrial, aquatic, and riparian habitats and ecosystems

The emphasis of this element is to develop tools and strategic databases that provide a multiscaler understanding of the relationships of biota to features at larger spatial scales, in ways that facilitate and enhance long-term planning efforts.  Although considerable research has addressed the micro- and meso-habitat requirements of organisms, relatively little is known about how landscape characteristics influence populations over broader scales.  Tools and decision-support systems for conducting such analyses at large spatial and temporal scales are currently lacking.

Managers need to formulate alternative treatments to meet future desired conditions, anticipate and evaluate the effects of these treatments, and communicate both the treatments and the expected outcomes to concerned stakeholders.  However, it is not enough to simply present alternatives for review and comment.  Stakeholders demand more information describing existing and future resource conditions.  Current information distribution technologies including electronic distribution of documents, World-Wide-Web publishing, and online database and analysis tools can provide opportunities to communicate such information to a wide audience as it becomes available.  By making the decisionmaking process more transparent, stakeholders will be encouraged to engage in more productive and informed dialogue concerning management alternatives and the desired future condition for managed lands.  Research focuses on developing analysis, modeling, and summarization tools to enhance understanding of existing and future conditions, and developing methods to better communicate research results.

3.3: Develop metrics, monitoring protocols, and statistical methods to address the effects of management and restoration activities on terrestrial, aquatic, and riparian ecosystems and processes
Monitoring by the PNW Research Station’s RMA Program is providing extensive and current information on forest and range vegetation.  Nevertheless, development of monitoring methods and protocols under this LWM Program is also required for other resources to address client demand and litigation.  This added monitoring effort is required to conduct satisfactory assessments of most forest operations, particularly when the interest and litigation involves impacts to ecosystem processes and functions (including belowground) and the fate of carbon flux and loss.  Research scientists have been increasingly asked to assist in assessing the effectiveness of management actions, especially for selected fish and wildlife species.  Research under this element would place the emphasis on the effects of management and restoration activities at a range of spatial scales that are needed to evaluate effectiveness monitoring at a forest level (e.g., the Tongass-wide young- growth stands), or protocols to monitor effectiveness of management actions under the Northwest Forest Plan.  The Aquatic and Riparian Effectiveness Monitoring Program is an example of such a tool.

Development of scientifically defensible approaches to evaluate management and restoration effects is highly complex.  Land use history of an area is rarely simple and is commonly unknown.  Methods for monitoring status, trends, and ecosystem responses to management will be confounded by variable natural disturbances.  The research will establish protocols for conducting monitoring programs at each scale of interest and aggregating the information from small to large scales.  Additionally, it will provide the understanding for appropriate interpretation of results at each scale.    

Problem Importance 
People served and issues addressed: Ecosystem-based planning requires placing management activities in a broad spatial and temporal context.  This enables decisions that are informed not only by site conditions but also by landscape considerations.  Knowledge of ecological processes that transcend small spatial scales and short time periods is needed so management will result in conditions that are robust to natural variability and other important sources of uncertainty. Improved understanding will also assist in the development of land management strategies that provide for migration corridors and genetic connections between local breeding populations that are necessary for long-term viability.  These tools will benefit policy decisionmakers such as the Regional Federal Execs who need to understand consequences of alternative actions taken at regional scales and over long periods. Monitoring of restoration activities is critical for adaptive management and assessing physical and biotic responses to habitat restoration.  Thus there is a need to develop protocols for determining the effectiveness of restoration activities. For example, several protocols exist for measuring stream attributes, but these survey guidelines do not explicitly address the recovery of function from “degraded” to “improved” conditions or function. Even defining what is good habitat is becoming problematic because a growing body of evidence is suggesting that statically defined habitat goals may fail to capture the characteristic that the most productive habitat is often the result of dynamic recovery process after past severe disturbance events such as fires, floods, and landslides.  
Research will emphasize the discovery of new information, novel combinations of existing information, and the development of tools that make for more ready application of that information. Research results will be published in peer-reviewed journals, PNW Research Station publications, articles in newsletters, and articles of interest for the general public.  Results will be presented at scientific meetings, technology transfer workshops, guest lectures at universities, field trips, consultations, and in-house seminars.  Some products will also be incorporated into models. Results will be of value to managers, researchers, resource specialists, and policymakers, both within and outside the Forest Service.  
Much forest land management will be implemented and evaluated under the uncertainty of climate change.  These management strategies will need to focus on currencies indicative of ecosystem process and function, such as sequestration or loss of carbon through the terrestrial, aquatic, and riparian systems.  There is a pressing need for rigorous research designs that will further the understanding of climate change trends and impacts on forest ecosystems. 
Potential clientele, societal and scientific benefits: Characterization of site and landscape conditions via direct measurement or remote sensing will allow resource managers to plan and implement management activities that meet economic, regulatory, and social goals.  Measurement techniques must transcend small spatial scales and short time periods if forest management is to result in conditions that are robust and address natural variability and other important sources of uncertainty at the landscape scale.  Measurements must be site-specific, but methods must be applicable over large areas to capture the variability inherent in forest ecosystems.  In addition, for such information to be useful, it must be organized and summarized in a logical way, accessible to a wide range of users, and easily updated and expanded.  End-users of the measurement methods will benefit from descriptions of forest conditions that are more precise and include estimates of variability across large areas.

The primary benefit to all forest managers will be information that helps decisionmakers evaluate forest management strategies designed to promote desired forest and watershed conditions.  The research will address biophysical processes that affect disturbance and recovery at the landscape level.  Increased knowledge will be in the form of analytical and assessment tools and techniques, as well as long-term monitoring studies.  Benefits of new information will include strategies that reduce forest fragmentation and improve ecosystem connectivity.  In addition, research will also contribute to the development of techniques that identify areas of exceptional productivity (“hotspots”) for different species of interest.  

New methods for organizing, storing, and integrating information and analysis results will benefit forest managers, researchers, and policymakers by making resource data more accessible and portable. New metrics, process models, simulation tools, and analytical frameworks will provide an environment where detailed resource descriptions can be used to design, evaluate, and present management alternatives. End-users of the methods and tools will be able to judge the merit and relative importance of specific information because details on data sources and analytical approaches will be included.

Methods and protocols will help land managers evaluate restoration needs and effectiveness, and assess sensitivity to disturbance. A primary benefit to the National Forest System and to other management and regulatory agencies will be information that helps decisionmakers develop and evaluate forest management strategies designed to promote desired forest and watershed conditions across various spatial scales.  The research will address biophysical processes that affect disturbance and recovery at the landscape, watershed, and smaller scales.  Increased knowledge will be in the form of analytical and assessment tools and techniques, for use in short- and long-term monitoring studies.  Benefits of new information will include strategies that address forest fragmentation and improve ecosystem connectivity, and provide managers with protocols that can be used in adaptive management.

Likelihood of Success in Problem Work  

We have a long history of developing, testing, and implementing successful metrics, techniques and software products to assist with resource measurement, projection of future conditions, analysis of vegetation and site data, and presentation of this information using simulation techniques. Success in the development of basic technologies to acquire large quantities of precise measurements quickly and cheaply is enabling the development of measurement systems that result in detailed, accurate measurements of site and vegetation conditions.

It is likely that highly useful products and significant progress will result from the research and development performed under this issue.  In cases where the objective is to develop silvicultural or operational practices that produce a wide array of values including timber, fish and wildlife habitat, carbon sequestering, and water quality and yield. In still other cases, managers have implemented recent changes in forest operations (e.g. changes in riparian management owing to new forest practices regulations, implementation of treatments to accelerate development of late-successional characteristics under the Northwest Forest Plan, and new mechanical fuels reduction operations) that need to be evaluated for their effectiveness for achieving their goals and their consequences for a full spectrum of values.

While improved quantitative methods may not solve every management problem, it is very likely they will provide effective tools for characterizing site conditions and conducting sensitivity analyses that define critical features of many management problems. Analysis and modeling tools will assist in the interpretation of site conditions and prediction of the effects of management activities and natural disturbances on site conditions. Visual simulation tools will help managers communicate site conditions and present analysis results. Recent advances in watershed assessment and analytical techniques (including computer simulation and spatial referencing), along with improved understanding of regional climate trends, have increased the likelihood that research efforts will significantly enhance our ability to predict long-term changes at large spatial scales. 

Thus, research and development under this problem area will reduce risk of applying new “untested” systems and provide the needed methods and protocols for monitoring the effectiveness of management alternatives.

Approach to Problem Solution

The models and databases are natural outcomes of the overall research effort.  New methods for organizing, storing, and integrating information and analysis results will benefit forest managers, researchers, and policymakers by making resource data more accessible and portable.  Many potential users are often asking for a desktop version of a model or in other situations request that the models be made available to download off Web sites.  Databases are increasingly valued as strategic assets for all organizations and published in many cases so that other organizations can make use of the data, often for meta-analyses or for their own specialized analyses.  Therefore, an additional challenge will be to sufficiently archive and assure the quality of those databases.

Forest management is commonly implemented at the stand-level (a management unit), whereas research is often conducted at finer scales, and yet the interest of policymakers is always for a very broad or regional scale.  The scale at which the work is conducted and inferred to should follow from the question being asked or the hypothesis of interest, and will always remain a challenge for the research approach.  Research sites (e.g., watersheds) can provide demonstration areas for landscape management options.  Progress on these questions will require experimentation at a variety of scales from small, controlled investigations of specific practices to landscape-scale adaptive management experiments.  Sampling designs, data sets, and models for Problems 1 and 2 might not provide the most efficient or effective means or protocols to the monitoring needs.  However, innovative modeling solutions to monitoring problems show promise as a means of increasing monitoring options and reducing cost and time requirements relative to traditional monitoring.  Given the major interaction and collaboration with land managers, the production of monitoring methods and protocols will be of primary importance as production outputs in addition to the broad array of technical information transfer.

In addition to the station’s network of experimental forests, this program maintains numerous long-term studies on other public, state and private lands, major assets that continue to provide substantial scientific underpinning for management systems that have become standard practice. Examples include developing silvicultural systems that are widely applied to uplands and watersheds in Alaska and the Pacific Northwest to address ecological and social objectives, long-term management experiments on the effects of wildland fire and fuels management on aquatic and riparian ecosystems, and long-term studies of large wood and fish populations in rivers that have altered management practices for these resources around the world. The station can build upon these long-running studies to help decisionalmakers design management strategies that address the issues of an uncertain future.

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, NEPA analysis will be conducted.

Staffing Plan and Cost Estimates 

The LWM Program will be staffed with about 14 scientists. Staffing will be finalized once the teams are finalized, budgets are allocated, and we determine by subsequent problem analyses what the proportional efforts will be among the charter problems.

APPENDIX: RELATIONSHIP TO OTHER PROGRAMS AT The PNW RESEARCH STATION 
The PNW Research Station is structured to take advantage of cooperation and integration of employees working in groups or individually to address questions and issues, to research problems, and produce knowledge and products that will answer the needs of society.  The LWM Program supports and encourages collaborations among program scientists and staff, irrespective of team boundaries, and with scientists in other programs to leverage the talent needed to answer the increasingly integrated questions.  This collaborative research structure is an important aspect of PNW Research Station research, development, and application environment.  The program promotes integration of skills to answer the broad-based questions society is asking about interrelationships and processes.
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	1.2:  Increase knowledge of hydrologic, geomorphic and   biogeochemical processes, including natural disturbances that create, maintain, or modify the long-term productivity of terrestrial, aquatic, and riparian habitats and ecosystems.
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	Problem 2:  Develop integrated management alternatives to provide for desired goods and services
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	2.1:  Develop principles for integrated management of terrestrial, aquatic, and riparian habitats and ecosystems.
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	2.2:  Develop and evaluate strategies and options that best serve land managers to maintain, restore, or enhance key ecological processes, while adapting and mitigating for disturbance dynamics (climate change, fire, invasives, and land management).  
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