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Contributions to Decision Support: Tools and Resource Forecasts

· Climate-based long-lead seasonal streamflow forecasts: The CIG has developed new seasonal streamflow forecasting methods for the Columbia River and Snake River basins using 1) forecasted ENSO and PDO conditions, and 2) more recently, ensemble seasonal climate forecasts.  According to CIG research, using these forecasts would provide information 6-8 months earlier than the traditional forecasting method, and could provide additional hydropower revenues on the order of $100m/yr with almost no loss of reliability of other water resource management objectives.

· Seasonal forecasts for coho salmon survival: The CIG has developed a new method for predicting marine survival for Oregon coastal coho salmon.  These forecasts, made in collaboration with NOAA Fisheries, provide coho program managers at Washington and Oregon Departments of Fish and Wildlife with additional, independent, and likely improved run-size estimates early enough to be considered in annual harvest decisions.  

· Forecasting fire season severity in the PNW: Using 47 years of wildfire data on U.S. National Forest land in the PNW, the CIG has identified several key atmospheric patterns that can potentially be used to forecast fire-season severity.
· Climate change streamflow scenarios for planning: The CIG has developed an online decision support tool that allows users to easily obtain climate change adjusted streamflow conditions for many rivers throughout the PNW for straightforward incorporation into existing in-house agency planning frameworks.  The tool, designed to facilitate consideration of climate change impacts in water resource planning, was developed in consultation with (and is currently used by) the Idaho Dept. of Water Resources and the Northwest Power Planning Council.
· Climate change impacts on municipal water supplies: The City of Portland, Oregon commissioned the CIG to provide a detailed numerical analysis of the impacts of climate change and population growth on their future water supply and demand.  The study found that, on average, climate change impacts on the Portland’s water supply system by 2050 are 50% of the total impact expected from population growth in that same period.  A similar study is underway with the City of Seattle (Washington) Public Utilities.  The results of these studies will be used by their respective utilities to guide long-range planning decisions in PNW’s two largest metropolitan areas.

· Technology transfers to the stakeholder community: As understanding of the CIG’s research grows within the stakeholder community, the CIG has been able to transfer research models and forecasting tools to utilities and agencies such as the USDA Natural Resources Conservation Service (NRCS) and the National Weather Service’s Northwest River Forecast Center.  The NRCS, for example, has begun implementing the distributed hydrology model developed by the CIG’s hydrological team and plans to produce experimental long-lead streamflow forecasts for the Columbia basin using methods developed by the CIG.  These transfers represent an important step in institutionalizing the use of climate information in resource management throughout the PNW.
Engaging Stakeholders

· Annual climate and streamflow forecast meetings: Since 1998, the CIG has conducted annual workshops on seasonal forecasts for climate and water resources.  Well attended (80-100 persons per year) and highly regarded, the workshops are cited by public, private, and tribal PNW water resource managers as one of the most helpful educational opportunities they encounter.  Agencies represented at these meetings have included: Bonneville Power Administration; the Columbia River Intertribal Fish Commission; Washington Departments of Ecology and Fish and Wildlife; Idaho Departments of Water Resources and Agriculture; Idaho Power Company; National Park Service; National Weather Service; Natural Resources Conservation Service (USDA); Northwest Power Planning Council; US Army Corps of Engineers, Bureau of Reclamation, and Environmental Protection Agency; and numerous Pacific Northwest city and county water and electric utilities. 

· Regional education about the PDO: The CIG's education and outreach activities are largely responsible for the wide recognition of the impacts associated with the PDO in the Pacific Northwest. 

· Water resource managers at public and private sector hydropower marketing agencies (e.g., Seattle City Light and Bonneville Power Administration) and small municipal water management agencies (e.g., Seattle Public Utilities and Portland Water Bureau) use this information to inform power marking decisions, for example. 

· Fisheries managers, including those at the Washington and Oregon Departments of Fish and Wildlife and the Federally-established North Pacific Fishery Management Council, now routinely refer to the PDO in discussions of allowable catch.  NOAA Fisheries, in both the Alaska Fisheries Science Center and the Northwest Fishery Science Center, is paying close attention to the PDO and ecosystem regime shifts; "regime-shifts" are one of the key issues behind a new NOAA Fisheries research initiative called "Fisheries and Their Environments (FATE)."

· Climate and Water Policy meetings: The CIG convened high-level meetings with key policymakers and water agency directors in July 2001 and May 2002 to discuss the implications of climate change for PNW water management.  A significant outcome of the meetings has been increase participant understanding of climate change impacts and recognition of the need to consider strategies for adapting to climate change.  Participants included state water directors (Idaho Department of Water Resources, Oregon Water Resources Department, and Washington Department of Ecology); state legislative chairs (Idaho State House and Senate Resources Committees, and Washington Senate Environment, Energy, and Water Committee); senior analysts for the Northwest Power Planning Council; tribal members and resource management staff (Confederated Tribes of the Colville Reservation, Confederated Tribes of the Warm Springs Reservation); federal agency representatives (National Marine Fisheries Service, U.S. Geological Survey, Bureau of Reclamation); and a senior staffer for U.S. Senator Mike Crapo (ID), among others.

· Drought preparedness workshop: CIG held a drought preparedness exercise in September 2001 bringing together Puget Sound municipal water managers to discuss strategies for increasing regional resilience to droughts.  The discussion about risks and tradeoffs at the 2001 meeting proved valuable to managers during the fall of 2002, when several utilities instituted voluntary restrictions on water use as a result of several months of record low flows.  Participants in the drought workshop included the cities of Seattle, Everett, and Tacoma; King and Snohomish Counties; Washington State Departments of Ecology, Fish and Wildlife, and Natural Resources; the Muckleshoot Tribe; the U.S. Army Corps of Engineers; and the National Marine Fisheries Service.

· Climate change impacts on the Pacific Northwest ski industry:  At the request of several PNW ski resort owners, the CIG developed scenarios of possible climate change impacts on snow conditions and recreational ski resorts.

Influencing Operations and Policy
· Use of seasonal forecasts in organizational planning and operations: As a result of CIG’s research, outreach, and education, many agencies are displaying greater sophistication with regard to use of seasonal climate forecasts.  

· The CIG's understanding of the impacts of El Niño on PNW climate and water resources, combined with an accurate long range ENSO forecast in 1997 and the CIG’s ability to translate this forecast into local impacts, helped Seattle Public Utilities (SPU) avert water use restrictions during the El Niño summer of 1997-98 (Mote et al. 1999).  ENSO forecasts (available through organizations such as the Climate Prediction Center) are now regularly incorporated into SPU reservoir management decisions. 
· As a result of the CIG's annual climate and streamflow forecast workshops, many agencies (including the National Weather Service’s Northwest River Forecast Center) are now using ENSO-based streamflow forecasting.  

· Increased agency interest in planning for climate change:  In 1997, policymakers and other stakeholders saw little need to plan for climate change.  By 2002, partly in response to media coverage of the CIG's work and outreach efforts, many agencies and planning efforts are beginning to take climate change into account.

· At the urging of, and in partnership with the CIG, the Idaho Department of Water Resources and the Northwest Power Planning Council plan to incorporate streamflows from future climate scenarios in their hydrological planning tools.
· The Future Water Needs Task Force for the Washington State Governor’s Central Puget Sound Water Initiative recognized the potential impacts of climate change on Pacific Northwest snowpack and run-off, recommending “that the State initiate a targeted research effort to evaluate the potential impacts to water supplies in the region. Academic institutions in partnership with the State and local governments and utilities in the region should conduct this effort” (Future Water Needs Task Group Report, 2002, p.6) 

· With CIG’s assistance, several watersheds participating in the State of Washington's Watershed Planning Program have begun to incorporate climate variability and change into long-range plans.

· The Columbia River Intertribal Fisheries Commission has developed an alternative operating plan for the Columbia River water resources management system for use in a future world affected by climate change based on the CIG's streamflow projections.

· Washington's Water Storage Task Force referenced the CIG and climate change impacts in its 2002 discussion of future water storage needs.

· As a result of a briefing by the CIG, the City of Seattle’s Office of Sustainability is working with Seattle City Light to consider use of the CIG’s climate change information in projecting electricity supply and demand.

Significant Additions To Knowledge
· Defining the PDO: The CIG demonstrated a solid connection between interdecadal variations in North Pacific climate and the abundance of salmon and other marine species in the PNW and Alaska, and in so doing named and defined the "Pacific Decadal Oscillation (PDO)".  The PDO is now recognized internationally as a major climate driver with wide-scale impacts on natural resources in the western U.S., Canada, and eastern Russia.
· Identifying climate linkages:  The CIG characterized PNW climate variability and trends, noting, for example, (1) the association of warm-dry and cool-wet winters with warm and cool phases of ENSO and PDO, and (2) the links between several other large-scale climate modes (e.g., Pacific North America pattern and the Artic Oscillation) and extreme weather events such as windstorms, cold air outbreaks, and snow. 
· Identifying climate impacts on key PNW resources: The CIG Demonstrated how ENSO, PDO, and other aspects of climate influence key natural resources in the PNW, including: snowpack, streamflow, flooding, and droughts; forest productivity and risk of forest fire; salmon returns; and quality of coastal and near-shore habitat.  Warm phases of ENSO and/or PDO, for example, increase the probability for reduced snowpack, streamflow, flooding, salmon returns, and coastal and near-shore habitat quality, while increasing the probability for drought and forest fires.  Warm phases of ENSO and PDO also contribute to increased tree growth and ecosystem productivity at higher elevations (with the opposite effect at lower elevations).  Cool phases of ENSO and PDO increase the probability for the opposite effects.    
· Identifying 20th century trends: The CIG analyzed 20th century trends in temperature, precipitation, and snow water equivalent for the PNW.  This research found increases in annually averaged temperature and precipitation exceeding global averages, with significant decreases (up to –60% in some sites) in snow water equivalent for PNW snowpack.  These results, which can only in part be explained by natural climate variability, have generated significant interest among water resources managers throughout the PNW.
· Paleoclimate research.  In an effort to extend our understanding of PNW climate and climate variability beyond the current instrumental record, the CIG has utilized tree rings and geoduck shells to place 20th century climate in a broader historical context.  As a result of this research, the CIG has been able to conclude, for example, that:

· The 1930's drought in the Columbia Basin was probably the second worst in the last 250 years, after the 1840s. 

· The 1990s was the warmest decade of the last 160 years for winter sea surface temperatures in the Straight on San Juan de Fuca, with the 1850s and 1930s roughly tied for second.

· The variability of the PDO over the past several hundred years has fluctuated, with the period of 1800 to 1920 (roughly) having lower interdecadal variance than other times.

The extension of the PNW’s climatological record provides valuable insight into the potential range of climate variability in the PNW, potentially allowing for more complete evaluation of infrastructure planning needs and future climate impacts.

Contributions to Education

· Graduate Courses: The CIG considers education of tomorrow’s resource managers critical to the long-term sustainability of the region’s resources.  To that end, the CIG has created several graduate level courses and seminars for students at the University of Washington, including:

· Graduate course on climate impacts in the PNW: Developed a permanent interdisciplinary University of Washington graduate course that examines the causes and consequences of regional climate variability and change as well as the natural, economic, and institutional contexts in which regional resource management decisions are made. The course is cross-listed among four major university departments: Atmospheric Sciences, Earth System Sciences, School of Marine Affairs, and Program on the Environment.

· Graduate seminar on decision-making in the face of uncertainty:  Conducted a university-wide seminar on risk-based decision-making in public sector natural resources management entitled “Decision Making in the Face of Uncertainty: Practitioner Views on Environmental Resource Management Challenges”. 

· Graduate course on the role of science in environmental decision-making:  Developed a new graduate course on “The Role of Science in Environmental Decisions” in collaboration with the University of Washington’s Evans School of Public Affairs.  The course is required for the Environmental Management Graduate Certificate Program and is listed as a core quantitative course in the Evans School.

· Graduate course on integrated assessment:  Developed and taught an advanced graduate course on integrated assessment, applying the techniques and approaches developed by the CIG to marine policy problems.  The course was developed in collaboration with the University of Washington’s School of Marine Affairs.

· Presentations and Lectures:  In addition to research and teaching, CIG researchers are regularly invited to give guest lectures in classes, seminars, and special University-wide speaking engagements.

