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Introduction


The objective of the Western Mountain Initiative (WMI) is to understand and predict the responses – emphasizing sensitivities, thresholds, resistance, and resilience – of Western mountain ecosystems to climatic variability and change.  


The rate and magnitude of ecosystem responses to changes in the global atmospheric environment are variable and uncertain, ranging from gradual to abrupt, from moderate to profound. The least understood and least predictable responses are those of greatest importance to policy makers and land managers:  responses that are both abrupt and profound. Recent examples of such responses include ongoing drought-induced forest mortality on millions of acres in New Mexico, Arizona, and southern California, and the increasingly large area burned by severe wildfires in the western United States during the past two decades. In both cases, ecosystem thresholds were exceeded relatively quickly, leading to large and often unexpected changes that will have long-term consequences for ecosystem structure, function, and production of goods and services.


In the face of expected climatic change over the next several decades, are significant changes in ecosystem structure and processes likely to become more common? Are these changes predictable? What are the characteristics of ecosystems likely to respond quickly or gradually, profoundly or minimally? How will ecological and economic productivity be affected at various spatial and temporal scales?


Mountain ecosystems of the western United States are ideally suited to address these questions. First, they lend themselves to ecological inquiry because they have: (1) compressed climatic and biogeographic zones containing many ecosystems within relatively small areas; (2) rich paleoecological resources, which record past environmental changes and consequent ecosystem responses; and (3) common ecological drivers, such as snowpack and fire, which facilitate comparisons across ecosystems. Second, because national parks and wilderness of the montane West have experienced minimal human disturbance, effects of environmental changes on ecosystems can be inferred with fewer confounding influences than on intensively managed lands. Third, Western mountain ecosystems are important to society, providing water, wood products, carbon sequestration, biodiversity, and recreational and spiritual opportunities. Finally, more than a decade of USGS research at seven Western mountain parks provides the foundation for broad syntheses of existing knowledge.



For the period 2003-2008, WMI has placed particular emphasis on addressing four key questions regarding Western mountains:

(1) How are climatic variability and change likely to affect disturbance regimes (particularly fire)?

(2) How are changing climate and disturbance regimes likely to affect the composition, structure, and productivity of vegetation (particularly forests)?

(3) How will climatic variability and change affect hydrologic processes in the mountainous West?

(4) Which mountain resources and ecosystems are likely to be most sensitive to future climatic change, and what are possible management responses?

Overview of Progress and Results

Question 1:  Climate and disturbance regimes


We conducted a regional-scale analysis of historical fire-climate interactions, using 15 sites from southwestern British Columbia to northeastern Oregon.  Synchronous fire years, where more than half the sites recorded wildfires, are strongly associated with extreme drought.  Expected associations with multi-year drivers such as ENSO, PDO, and AMO were not evident.  This is in marked contrast to historical fire regimes in the Southwest, where ENSO cycles are significantly associated with synchronous fire years.  This Northwestern pattern was confirmed by ongoing studies of climate variability and the modern fire record, which show that previous-years’ climate is important for predicting wildfire area in the Southwest, but not in northern montane ecosystems.  Using mesoscale climate projections, our climate-fire area models, and the BlueSkyEM smoke-modeling framework, we simulated smoke emissions from wildfires across the western United States for a future decade (2045-2054).  Results suggest increased smoke emissions and decreased air quality will affect northern mountains (particularly the Northern Rockies) in changing climates of the future.  


Based on historical reconstructions and statistical models of 20th century fires, increased fire severity and area burned are expected across the Northwest in response to prolonged and more severe droughts in the 21st century.  Forest landscapes across the region may become increasingly vulnerable to synergistic disturbances such as the combination of fires, insect outbreaks, and possible drought-induced mortality such as is already being seen in the Southwest.  In the Pacific Northwest, disturbance will almost certainly be the dominant force in ecosystem change, acting over much a shorter time span than changes induced by climate warming alone.    


Don McKenzie (WMI) and Craig Allen (WMI) led a workshop devoted to understanding disturbance interactions and synergies in western mountains.  Twenty-five leading scientists, both academic and agency-based, from the US and Canada spent 3 days systematically developing a research strategy -- and blueprints for specific models and other tools -- for understanding disturbance interactions in the context of climate change.  Additionally, WMI is contributing to several papers for a special section of the International Journal of Wildland Fire, on climate-fire interactions.
Question 2:  Climate and vegetation


Our empirical studies have demonstrated that tree growth in western mountains is predominantly water-limited, except for the wettest sites in the Olympic Mountains.  We developed water-balance models for Douglas-fir across the Pacific and Inland Northwest to identify areas with potential significant increases in moisture stress.  The ubiquity of these sites portends broad-scale productivity decreases across the Northwest, as warmer temperatures increase moisture stress in trees at all but the highest elevations.

Importantly, we also demonstrated that death rates of trees in California’s Sierra Nevada have increased over the last two decades, in parallel with a temperature-driven increase in drought.  This represents to world’s first demonstration of chronic long-term, temperature-driven changes in death rates in a temperate forest.  The findings, published in Ecology Letters, suggest that Sierran forests (and by implication, other water-limited forests of the west) are sensitive to temperature-driven drought stress, and may be poised for die-back if future climates continue to feature rising temperatures without compensating increases in precipitation.

Work continued on exploring relationships between tree growth characteristics and probability of mortality – information critical to developing a mechanistic understanding of climatic controls over tree mortality (several manuscripts are in review or in press, and one was published).  Working with Dr. Alvaro Duque (Universidad Nacional de Colombia, Medellín), we organized CORFOR – the Cordillera Forest Dynamics Network of long-term forest research plots along the American Cordillera, from Alaska to Tierra del Fuego (http://mri.scnatweb.ch/content/view/88/30/), for exploring effects of global changes on forests.


Last year we demonstrated that at global and regional scales, background rates of tree reproduction and mortality are positively correlated with forest productivity; in 2006 we focused on determining why.  In a broad-scale comparison of forests, we demonstrated that climatic conditions favoring rapid tree growth also tend to favor the herbivores, pathogens, and agents of decay that attack trees, with important implications for how forests might respond to otherwise “benign” climatic changes (manuscript in review).  

Question 3:  Climate and hydrologic processes


RHESSys, the Regional Hydro-Ecological Simulation System, was used to simulate vegetation and hydrologic processes in watersheds of Yosemite, North Cascades, Glacier, and Bandolier National Parks, and the Snake River basin of Colorado.  This spatial model is being used to explore differences in ecosystem responses across latitudes, maritime versus continental climates, and elevation in the western US.  Validation runs for all sites except Bandelier (in progress) show good correspondence between daily to annual simulated results and measured streamflow, snow distribution, and net primary productivity.  Next steps are to compare and contrast responses at each of the five watersheds to past climatic events driven by Pacific Decadal Oscillation, Atlantic Multidecadal Oscillation, and El Niño.  RHESSys was used to address the responsiveness of transpiration to climate across an elevation gradient in the Merced River Basin of Yosemite National Park.  In a paper accepted for publication in Hydrological Processes we show that gradients of precipitation and temperature across elevations strongly influence transpiration rates, with precipitation controls on moisture stress strongest at mid elevations, and temperature controls of growing season strongest at high elevations  We have also adapted another hydrological model (DHSVM) for use in coupled modeling of fire and hydrology under both present and future climate, by adding algorithms for fuel-moisture and fire-danger calculations based on fine-scale water balance.  The model is currently being tested in the Pacific Northwest and will also be applied across the WMI sites.


The past year additionally saw the successful establishment of an index glacier monitoring program at Glacier National Park that complements glacier monitoring in the North Cascades and Olympic Mountains.  The data generated from the Glacier National Park monitoring will directly contribute to the inventory of glaciers in the American West, a WMI effort headed by Andrew Fountain.  Additionally, collaboration with Andrew Fountain has produced a complete westwide survey of glaciers, remnant glacial ice, and perennial snowfields.  A map product has been made available on the web (http://glaciers.research.pdx.edu/).

John Moody and Deborah Martin (both USGS WRD) have just completed a WMI-supported manuscript on “Synthesis of sediment yields after wildland fire in different rainfall regimes in the western United States,” currently being reviewed.  Sediment yields for different rainfall regimes varied over 5 orders of magnitude.  The lack of correlation of sediment yields with topographic slope and soil erodibility suggests that sediment availability may be more important than slope or erodibility in determining the sediment yield after wildfire.  Additionally, intensive long-term research by WMI at the semiarid Frijolito watershed site in Bandelier National Monument continued to characterize hillslope runoff and erosion processes in response to climate variability at event-scale high-resolution.  This work demonstrates watershed responses to multiple disturbances (livestock grazing, fire suppression) and climate (droughts and intense storms) that modulate land cover and thereby watershed processes at multiple spatial scales. 


Paleolimnological work coupled with long-term monitoring in the Loch Vale Watershed of Rocky Mountain National Park revealed a complex response of lake diatoms and alpine lichen communities to both changing climate and atmospheric nitrogen deposition.  Compound-specific nitrogen, carbon, and hydrogen isotope records from Sky Pond reveal not only a substantial shift in nitrogen cycling in the region, which we knew from previous work, but also enhanced terrestrial lichen productivity and alteration of hydrologic flow patterns due to snow, glacier, and permafrost melt.  This WMI-supported manuscript: “Compound-specific stable isotopes of organic compounds from lake sediments track recent environmental changes in an alpine system, Rocky Mountain National Park (United States of America)” is currently in review in Limnology and Oceanography.  It is the first paper we know of to reveal simultaneous changes in hydrologic, terrestrial and aquatic ecosystems from climate change and nitrogen deposition.
Question 4:  Sensitivities and responses


All WMI PIs have participated in a national effort, initiated by the Climate Change Science Program (CCSP), to understand responses and potential adaptations of National Parks and other public lands to climate change.  WMI PIs and co-authors identified both West-wide and site-specific adaptation strategies by working closely with National Park staff and other land managers.  Additionally, WMI PIs are contributing to CCSP’s national effort to understand and synthesize information related thresholds of ecological change.

Threshold responses have been identified both within and among WMI regions: (1) massive tree dieback in the Southwest (and similar to events in Mediterranean systems around the world) from a combination of global warming and drought; (2) rates of disappearance of glaciers from western mountains have been quantified, with particularly rapid decreases in the Inland Northwest; and (3) synergistic disturbance pathways (“stress complexes”), leading to rapid change, have been identified for several western ecosystems.  These three sets of responses have been documented in internationally attended workshops and conferences, and in peer-reviewed publications.

Specific Accomplishments and Results


Jill Baron (WMI) was invited lead author for CCSP Synthesis and Assessment Product 4.4 (SAP 4.4) on Adaptation Options of National Parks to Climate Change.  Contributing authors include three other WMI scientists:  Craig Allen, Don McKenzie, and Nate Stephenson.  SAP 4.4 will be presented as a symposium (organized by Baron) at the American Association for the Advancement of Sciences annual meeting in Boston, 2008.
Relevance to resource managers:  This chapter is directed towards the needs of National Park Service managers, and provides summary guidance on possible adaptation approaches to climatic change.

Cross reference:  This study supports Questions and Products: Q2, P2, P3, P6, P10 and Q3, P2; Table - Feasibility of Milestones, Products and Payoffs.


Dan Fagre (WMI) is invited lead author for the CCSP Synthesis and Assessment Product on Thresholds of Ecological Change.  Contributing authors include WMI scientist Craig Allen.

Relevance to resource managers:  This chapter directly addresses a pressing concern of National Park Service and other land managers:  how to anticipate and cope with increasing uncertainty leading to surprises.

Cross reference:  This study supports Questions and Products: Q2, P2, and Q3, P2; Table - Feasibility of Milestones, Products and Payoffs.

The Consortium for Integrated Climate Research in Western Mountains (CIRMOUNT) is a collaborative interagency consortium dedicated to understanding the interactions of climates and ecosystems in western North American mountains (http://www.fs.fed.us/psw/cirmount/).  Several WMI principal investigators and collaborators serve on CIRMOUNT’s board of directors, and helped organize and sponsor CIRMOUNT’s MTNCLIM 2006 conference, dedicated to mountain climate sciences and effects of climate variability on ecosystems, natural resources, and conservation in western North American mountains (http://www.fs.fed.us/psw/mtnclim/).  MTNCLIM 2006 included a post-conference workshop for natural-resource managers, with practical suggestions for incorporating climate science information into forest conservation and management.  Additionally, WMI investigators contributed to the 2006 publication of CIRMOUNT’s Mapping New Terrain:  Climate Change and America’s West, which summarizes climatic change issues in the West and is aimed at informing managers and policy makers.
Relevance to resource managers:  The MTNCLIM conferences and Mapping New Terrain have proven to be key conduits for summarizing and transferring the latest findings on climatic change and natural resources -- including the findings of WMI-funded research -- to natural resource managers.

Cross reference:  This supports Questions and Products: Q1, P2; Q2, P2; Q2, P10; and Q3, P2; Table - Feasibility of Milestones, Products and Payoffs.


Models of fire area burned in response to climate were developed for 16 ecoprovinces across the West for the period 1916-2003.  Four different patterns of climatic forcings were found, with implications for the relative contribution of climate and fuels to fire extent.  The importance of various drought parameters from current and previous year data varied regionally, with different mechanisms in the Northwest vs. the Southwest.   

Relevance to resource managers:  By quantifying the relationship of climate to fire, expected fire occurrence in a warmer climate can be inferred, and the relative value of fuel treatments can be incorporated in planning.

Cross reference:  This study supports Question and Product: Q2, P2; Table - Feasibility of Milestones, Products and Payoffs.


Simulations of fire extent under future climate were conducted for the western United States, by integrating mesoscale meteorology, a stochastic fire generator, and vegetation and fuel maps of the West.  Results indicate that warmer temperatures will increase fire area, smoke emissions, and regional haze across the northwestern United States.  In contrast, in the Southwest, projected increases in precipitation may increase average fuel moisture and actually decrease fire extent.

Relevance to resource managers:  This information demonstrates that the interaction of increased fire with air pollution in a warmer climate may result in degradation of air quality, posing major challenges to meeting USEPA regulations for regional haze.  This will have major and potentially costly implications for fire management, prescribed burning, and reduction of emissions from non-fire sources.

Cross reference:  This study supports Question and Product: Q2, P2 and P10; Table - Feasibility of Milestones, Products and Payoffs.


Working with WMI collaborator Andrew Fountain at Portland State University, a complete westwide survey of glaciers, remnant glacial ice, and perennial snowfields has been developed from a variety of sources.  A map product is available on the web (http://glaciers.research.pdx.edu/).  Initial analysis shows the relative rates of glacier recession for each of the WMI areas.  Some areas are about 10 years “ahead” of schedule according to predictive models of glacier retreat. 

Relevance to resource managers:  This effort provides a broader context for managers of protected areas with receding glaciers.  For regional policymakers it provides strong indications of potential water supply issues because glaciers are reflecting trends in snowpack. 
Cross reference:  This activity supports Questions and Products: Q2, P2; Table - Feasibility of Milestones, Products and Payoffs.

WMI investigators provided several groups of land managers and policy makers with various oral and written state-of-knowledge syntheses on probable consequences of rapid global changes on western mountain ecosystems.  Associated publications are in press.

Relevance to resource managers:  These syntheses directly provide land managers and policy makers with information needed for adaptation to rapid global changes.

Cross reference:  This work supports Questions and Products: Q2, P2, and Q3, P2; Table - Feasibility of Milestones, Products and Payoffs.

A regional-scale replicated study of the growth response of montane Douglas-fir to climate was completed, with trees sampled from western Washington (maritime climate) to western Montana (continental climate).  The predominant finding is that growth is water-limited across the entire region at all elevations.  Therefore, increased temperature is expected to cause widespread reductions in growth of Douglas-fir across much of its range.

Relevance to resource managers:  Climate-growth relationships across much of the distribution of Douglas-fir will provide the necessary information for predicting (reduced) growth of this commercially and ecologically important species in a warmer climate.

Cross reference:  This study supports Question and Product: Q2, P2, P8, and P10; Table - Feasibility of Milestones, Products and Payoffs.


Forest insect outbreaks are postulated to increase with climatic warming; with prominent insect outbreaks gaining attention in recent years, the topic has been a source of concern for forest managers throughout the West.  Using models of vegetation and mountain pine beetle life-cycles, WMI collaborators analyzed spatial patterns of potential outbreaks under both current climatic conditions and future warming scenarios.  The area of climatic suitability for outbreaks may in fact decrease with warming, except at the highest elevations (3000-3500 m).  As climate warms over the next 100 years, currently suitable habitat will be less conducive to mountain pine beetle, but may provide habitat for other species of beetles now restricted to areas further south.  These findings were published in Journal of Geophysical Research.
Relevance to resource managers:  To plan for adaptation to future climatic changes, forest managers need a range of possible future scenarios, especially regarding pest outbreaks.  This work supplies needed scenarios regarding potential outbreaks of the mountain pine beetle.
Cross reference:  This study supports Questions and Products:  Q2, P2; Q2, P8; Q2, P10; Table - Feasibility of Milestones, Products and Payoffs.


Don McKenzie (WMI) and Craig Allen (WMI) led a workshop devoted to understanding disturbance interactions and synergies in western mountains.  Twenty-five leading scientists, both academic and agency-based, from the US and Canada spent 3 days systematically developing a research strategy -- and blueprints for specific models and other tools -- for understanding disturbance interactions in the context of climate change (for example, how do fire and insect outbreaks interact to cause rapid ecosystem change in a warmer and drier climate?).  A decision-support framework was used that simultaneously produces consensus and represents minority viewpoints.  An overview of the results was published in EOS Transactions, and a compilation of all results is in preparation, as are four manuscripts, one from each workgroup, destined for publication in peer-reviewed journals. 
Relevance to resource managers: Managers are profoundly aware of the importance of disturbance interactions within the systems they know best, but often have few or no tools to project ecosystem states into the future, especially in a rapidly changing climate.  Products of this workshop will provide those tools. 
Cross-reference: This study supports Question and Product: Q1, P2; Q2, P2; Q2, P10; and Q3, P2; Table - Feasibility of Milestones, Products and Payoffs.

The RHESSys model is being used as a synthesis tool for WMI site locations. RHESSys is a simulation model that represents multiple and interacting ecological processes both spatially and temporally.  The model simulates water, carbon, and nitrogen fluxes over spatially variable terrain and can simulate these fluxes along with climate patterns within a mountainous environment.  Model calibration is now complete for the Upper Merced River basin in Yosemite National Park, CA [Sierra Nevada] the Snake River basin, CO [Central Rocky Mountains], the Lake McDonald basin in Glacier National Park, MT [Northern Rocky Mountains], the Stehekin River basin in North Cascades National Park, WA [Pacific Northwest], and is underway for the Frijoles and Santa Fe River basins of Bandelier National Monument [Southern Rocky Mountains]. The responses of these basins to climate drivers (PDO, AMO, and ENSO) will be compared and contrasted to elucidate broadly how western ecosystems respond to climate extremes, and specifically how each basin responds. 

Relevance to resource managers:  Both broad-scale and site-specific results will be of interest and use to resource managers for understanding how climate extremes influence hydroecological processes at different elevations across the western US.  

Cross reference:  This work supports Questions and Products: Q2, P2, P9, P10; Q3, P2, P3; Table - Feasibility of Milestones, Products and Payoffs.

Dan Fagre co-edited, with Tony Prato, the book “Sustaining Rocky Mountain Landscapes: Science, Policy, and Management for the Crown of the Continent Ecosystem”.  The regional ecosystem that is the subject of the book is shared by Canada and the U.S. and the 39 chapter authors reflected the diversity of issues of, and perspectives on, the transboundary area.  This book will be highlighted at the world’s first International Peace Park Conference to be held in September 2007. 

Relevance to resource managers:  The book suggests numerous approaches to dealing with complex problems that are exacerbated by climate change.  Managers of mountain protected areas, in particular, will find insights and potential solutions to dealing with both changing natural resources and changing constituencies. 
Cross reference:  This activity supports Questions and Products: Q2, P10, and Q3, P2; Table - Feasibility of Milestones, Products and Payoffs.


Ortho- and geo-rectified aerial photography taken in 1998 was used to finalize glacier areas from the Northern Rocky Mountains and an analysis of glacier area based on 2005 aerial photography was recently completed.  These two inventories are the first complete regional assessments of glaciers in the Northern Rocky Mountains since 1966. Quality control and ground-truthing are being finished in the 2007 field season, however, it is already clear that relative rates of glacier recession are higher in this WMI area than the others. The glacier recession is more advanced than predicted by a geospatial model that indicated that all glaciers would disappear from Glacier National Park by 2030. 

Relevance to resource managers:  The study makes clear the impact of continued warming on a charismatic resource of mountain protected areas and has direct implications for ecosystem services such as water supplies.  Because glacier recession is reflective of broader ecosystem responses to warming, managers need this type of information to reevaluate their goals for maintenance of biodiversity, protecting endangered species, or anticipating different fire regimes. 
Cross reference:  This activity supports Questions and Products: Q2, P3, and Q2, P1; Table - Feasibility of Milestones, Products and Payoffs. 


A full-service website was produced and launched for the repeat photographs of glaciers at Glacier National Park (http://www.nrmsc.usgs.gov/repeatphoto/index.htm).  High-resolution digital files of archival and modern photographs can be downloaded for use on television networks, in magazines, and for use on other websites.  Powerpoint slides of paired photographs are available for customer use also.  This website has already had thousands of hits from multiple countries and for a huge diversity of uses.  It accounts for most of the internet traffic for the Northern Rocky Mountain Science Center. 

Relevance to resource managers:  The website provides visually compelling evidence of significant changes on western federal lands.  These graphic resources are not only used by resource managers but numerous other constituencies as well for educational purposes. 
Cross reference:  This activity supports Questions and Products: Q2, P10; Table - Feasibility of Milestones, Products and Payoffs.

Collaborative research by many cooperators continued on the VC-3 deep sediment core collected with initial WMI funding support from the Valles Caldera of New Mexico.  The basal sediments found in the core have now been firmly dated to 552,000 years before present.  The core is thought to provide a continuous record for about 190,000 years, covering a time period where almost no paleoenvironmental data exists in western North America, and includes one full glacial – interglacial – glacial set of climatic transitions, as well as major portions of a second interglacial period.  Extensive portions of the core exhibit high-resolution laminations, with potential to reconstruct high-resolution (at least decadal to perhaps annual) variations in paleoclimate.

Relevance to resource managers:  Long-term records of past climatic changes and consequent ecosystem responses are central to building an understanding of possible ecosystem responses to ongoing changes, which in turn is necessary to plan for adaptation.

Cross reference:  This study supports Question and Product: Q2, P2; Table - Feasibility of Milestones, Products and Payoffs.


Analysis of long-term forest dynamics data revealed that forest mortality rates have increased in the Sierra Nevada over the last few decades, and that the increase parallels a temperature-driven increase in drought.  The finding suggests that these forests (and by implication, other water-limited forests) may be sensitive to temperature-driven drought stress, and may be poised for die-back if future climates continue to feature rising temperatures without compensating increases in precipitation.  The results have been published in Ecology Letters.

Relevance to resource managers:  These findings suggest that ongoing climatic changes may be driving chronic changes in forests that otherwise appear healthy, and that those chronic changes may be a prelude to acute changes, such as sudden forest die-back.

Cross reference:  This study supports Questions and Products: Q1, P2, and Q2, P2; Table - Feasibility of Milestones, Products and Payoffs.


Analysis of lake sediment cores from Rocky Mountain National Park by many cooperators found, in addition to expected changes in lake algal productivity due to atmospheric nitrogen deposition, important changes in terrestrial and aquatic ecosystems due to subtle changes in alpine hydrology due to climate change.  Stable isotope analyses are highly suggestive of increasing lichen productivity, as well as melting of permanent snow, ice, and permafrost, along with increased eutrophication.  These results are in review in Limnology and Oceanography.  

Relevance to resource managers:  Records of contemporary climatic change coupled with long-term trends of increasing ecosystem responses to atmospheric nitrogen deposition are central to building an understanding of ecosystem responses to ongoing changes, and may complicate the ability of managers to reverse the trends of observed nitrogen deposition effects, now underway through an agreement between the State of Colorado, the EPA, and the National Park Service.  

Cross reference:  This study supports Question and Product: Q2, P2, P5, P6, P8, P10; Table - Feasibility of Milestones, Products and Payoffs.


Statistical analyses of long-term records from Loch Vale Watershed using structural equation modeling revealed the importance of climate interactions in controlling watershed nitrate export.  Nitrogen biogeochemistry, previously thought to be controlled by inputs of atmospheric nitrogen deposition, are shown to be also strongly controlled by climate through its influences on microbial and plant activity of both alpine and forest ecosystems.  This work has been presented at the North American Benthological Society annual meeting, will be presented at the National Atmospheric Deposition Program annual meeting, and is in progress of being written for journal submission.  

Relevance to resource managers:  Long-term records of ecosystem change in an instrumented alpine-subalpine watershed have been fundamentally important to Rocky Mountain National Park managers for evaluating the threat from atmospheric nitrogen deposition.  This work reveals the synergy between air pollution and climate that may complicate the ability of managers to manage air pollution.  

Cross reference:  This study supports Question and Product: Q2, P2, P5, P6, P10; Table - Feasibility of Milestones, Products and Payoffs.

Transpiration is an important component of soil water storage and streamflow and is linked with ecosystem productivity, species distribution, and overall ecosystem health.  In mountain environments, complex topography creates heterogeneity in the key controls on transpiration. Model results for Yosemite National Park found that elevational differences in vegetation water use and sensitivity to climate were significant and will likely play a key role in controlling the responses and vulnerability of Sierra Nevada ecosystems to climate change. The mixed conifer forests are water-limited on slopes from low- to mid-elevations, but are temperature- limited at high elevations, in contrast to montane Douglas fir forests (described above).  A publication from this study is in press in Hydrological Processes.  

Relevance to resource managers:   Plant transpiration is a significant component of the water budget and is a controlling factor of the underlying hydrologic cycle. Understanding how transpiration varies along elevational gradients with variations in climate provides important insight into controls on western water budgets.  

Cross reference: The study supports Question and Product Q2, P2, P9, P10; Q3, P2 and P3; Table - Feasibility of Milestones, Products and Payoffs.

Dan Fagre served on the Montana Governor’s Advisory Board for Climate Change and has provided presentations and other information transfer to various boards such as The Nature Conservancy and the National Fish and Wildlife Foundation. 

Relevance to resource managers:  This accomplishment directly communicates current scientific findings to policymakers and has immediate impacts on resource decisions being made by managers. 
Cross reference:  This activity supports Questions and Products: Q2, P2; Table - Feasibility of Milestones, Products and Payoffs. 

An index glacier monitoring program at Glacier National Park was established that complements glacier monitoring in the North Cascades and Olympic Mountains.  The data generated from the Glacier National Park monitoring directly contributes to the inventory of glaciers in the American West, a WMI effort headed by Andrew Fountain (described below).  High-resolution snow measurements, ice radar, GPS margin measurements, time-lapse cameras and stream gages provide essential, detailed information for key glaciers such as Grinnell which lost  an additional 14 acres in only 2 years from 2004-2006 (about 9% of its remaining area). Collaboration with Dr. Joel Harper, University of Montana, has led to several graduate student projects that will model glacial ice dynamics. 

Relevance to resource managers:  These studies of individual glaciers are critical to the nested design of glacier monitoring westwide and give managers a specific and tangible link to broader trends.  Retreating glaciers are iconic climate change subjects and national parks are looked to for credible information.  Information from this study is used by national park interpreters, has been publicized in brochures for park visitors, is the subject of wayside exhibits and is used extensively by TV documentary producers. 
Cross reference:  This activity supports Questions and Products: Q2, P3, and Q2, P1; Table - Feasibility of Milestones, Products and Payoffs. 

A high-resolution tree-ring based reconstruction of natural avalanche frequency and spatial extent in the SW corner of Glacier National Park was completed during the past year.  This reconstruction doubled the known avalanches compiled from historic records and recast the role of avalanches for ecologists and policy makers in a different light.  Frequency of avalanches also reflected the Pacific Decadal Oscillation, providing a basis for estimating future avalanche frequency under climate change. 

Relevance to resource managers:  National Park Service managers are interested in avalanche frequency because of the annual opening of the Going-to-the-Sun Road, concerns about safety for road employees and park visitors, and the central role the Road plays in the regional economy.  Avalanche frequency information also is of direct interest to the Burlington Northern railroad and the Montana Highway Department on the southern edge of Glacier National Park. 
Cross reference:  This activity supports Questions and Products: Q2, P3; Table - Feasibility of Milestones, Products and Payoffs. 
Products

Data Sets
Sierra Nevada Forest Demography Database:  Annual census data of tree species from 27 permanent forest research plots in the Sierra Nevada mountains, California.  Data set is in progress; data currently span 1982 - 2006. 

Location: USGS Western Ecological Research Center, Sequoia and Kings Canyon Field Station, 47050 General Hwy Unit 4, Three Rivers, CA 93271. 

Contact:  Phillip van Mantgem (pvanmantgem@usgs.gov).

URL: (http://www.werc.usgs.gov/sngc/forest_demography.htm) 

Sierra Nevada Seedling Demography Database: Annual census data of tree seedlings from 20 long-term forest research plots in the Sierra Nevada mountains, California.  Data set is in progress; data currently span 1999 - 2006.

Location: USGS Western Ecological Research Center, Sequoia and Kings Canyon Field Station, 47050 General Hwy Unit 4, Three Rivers, CA 93271. 

Contact:  Phillip van Mantgem (pvanmantgem@usgs.gov).

URL: (http://www.werc.usgs.gov/sngc/seedling_dynamics.htm)

Eastern Washington Fire History Database: Spatially explicit fire-scar records for over 5000 trees in eastern Washington, together with geospatial information, in standard formats (ArcGIS shapefiles and MS-Access databases). 

Location: College of Forest Resources, University of Washington, Box 352100,   Seattle, WA 98195-2100. 

Contact: Don McKenzie (dmck@u.washington.edu) 

URL: (http://flames.cfr.washington.edu) 

Wildland Fuel Classificaton and Map for the Conterminous United States: A 1-km GIS layer of 112 categories of wildland fuels, used for coarse-scale modeling of current and future wildland fires. 

Location: Pacific Wildland Fire Sciences Lab, US Forest Service, 400 N 34th St #201, Seattle, WA 98103. 

Contact: Don McKenzie (dmck@u.washington.edu) 

URL: (http://www.fs.fed.us/pnw/fera/local_resources/images/maps/fccs-lower48.zip)
Long-Term Ecological Research and Monitoring in Loch Vale Watershed, Rocky Mountain National Park:   Meteorology, hydrology, water quality, precipitation chemistry, aquatic and terrestrial species occurrences from 1983-2005 for Loch Vale Watershed. 

Location:  Natural Resource Ecology Laboratory, Colorado State University, Fort Collins CO 80523-1499. 

Contact:  Jill Baron (jill_baron@usgs.gov) 

URL: (http://www.nrel.colostate.edu/projects/lvws/) 

Climate Data Plotting Page: Time series of United States climate information at a location or aggregated for an ecoprovince for period of record, in some locations >100 yrs. 

Location:  Department of Geography, University of Idaho, Moscow, ID 83844-3021 

Contact:  Jeffrey Hicke, jhicke@uidaho.edu 

URL:  (http://www.nrel.colostate.edu/~jhicke/climate_data/)

Oral and Poster Presentations.

Allen, C. D. 2005. Bark beetles, climate, and regional-scale vegetation dieback in the Southwestern US. Bark beetle symposium. Snowbird, UT.

Allen, C. D. 2005. Climate and land use interactions with vegetation change and disturbance processes in mountain ecosystems of the Southwestern USA. Open Science Conference on Global Change in Mountain Regions. Perth, Scotland. 

Allen, C. D. 2005. Cross-scale nonlinearities and interactions among forest dieback, fire, and erosion in northern New Mexico landscapes. Ecological Society of America Annual Meeting. Montreal, Canada.

Allen, C. D. 2005. Fire in the Southwest. Fourth USGS Fire Science Workshop. Tucson, AZ.

Allen, C. D. 2005. Landscape change in mountains of the Southwestern USA: Fire, forest dieback, and erosion. Invited open lecture, University of Alicante. Alicante, Spain.

Allen, C. D. 2005. Water as an ecological factor in the Southwestern USA. Guest lecture, general ecology course, University of Alicante. Alicante, Spain.

Allen, C. D., K. L. Beeley, and B. F. Jacobs. 2005. Long-term ecological monitoring and restoration of piñon-juniper woodlands at Bandelier National Monument, New Mexico, USA. Society for Ecological Restoration International Annual Meeting. Zaragoza, Spain.

Allen, C. D. 2006. Climate-induced forest dieback: An emergent global phenomenon?  MTCLIM 2006 meeting. Mt. Hood, OR.

Allen, C. D. 2006. Climate, land use history, forest dieback, fire, and erosion in mountain landscapes of Northern New Mexico. Open lecture, Pajarito Environmental Education Center. Los Alamos, NM.

Allen, C. D. 2006. Disturbance interactions in mountain landscapes of the Southwestern USA: Climate, land use history, forest dieback, fire, and erosion. Open lecture at University of Granada. Granada, Spain.

Allen, C. D. 2006. Ecohydrology of pinyon-juniper woodlands in the Jemez Mountains, New Mexico: Runoff, erosion, and restoration. USFS and Society of American Foresters meeting on Ecology and Management of Pinyon-Juniper Ecosystems.  Albuquerque, NM.

Allen, C. D. 2006. Fire, thresholds, and wildland restoration. Invited lecture to University of New Mexico graduate watershed management course. Albuquerque, NM.

Allen, C. D. 2006. Fire-Human interactions as linked cascading events 
in the Americas. Ecological Society of America international conference “Ecology in an Era of Globalization: Challenges and Opportunities for Environmental Scientists in the Americas”. Merida, Mexico.

Allen, C. D. 2006. Global change research in the western U.S.: The Western Mountain Initiative. Guest lecture for graduate global change research course, Environmental Studies Dept., Northern Arizona University, Flagstaff, AZ.

Allen, C. D. 2006. Interactions among climate, dieback, fire, and erosion in forests and woodlands in the Southwest. Presentation to Public Service Company of New Mexico. Albuquerque, NM.

Allen, C. D. 2006. Interactions among climate, land use history, forest dieback, fire, and erosion in mountain landscapes of Northern New Mexico. Distinguished guest speaker series, Forestry Dept., Northern Arizona University. Flagstaff, AZ.

Allen, C. D. 2006. Landscape changes, long-term monitoring, and ecological restoration of pinyon-juniper woodlands at Bandelier National Monument, New Mexico. Lecture to “Interpreting and Measuring Indicators of Rangeland Health”, BLM National Training Center Course # 1730-37, Santa Fe, NM.

Allen, C. D., R. S. Anderson, R. B. Jass, J. L. Toney, and C. H. Baisan. 2006. Paired charcoal and tree-ring records of high-frequency Holocene fire from two New Mexico bog sites. Third international fire ecology and management congress. San Diego, CA.

Allen, C.D., 2006, Ecohydrology of pinyon-juniper woodlands in the Jemez Mountains, New Mexico: Runoff, erosion, and restoration. USFS and Society of American Foresters meeting on Ecology and Management of Pinyon-Juniper Ecosystems. Albuquerque, NM.

Allen, C.D. 2006. Disturbance and Climate – Southwestern US and Mediterranean Europe. Western Mountain Initiative PI meeting, Sept. 2006, OR.

Allen, C.D. 2006. Climate-induced forest dieback: An emergent global phenomenon? MTCLIM 2006 meeting. Mt. Hood, OR.                                  

Allen, C.D. Anderson, R.S., Jass, R.B., Toney, J.L., and Baisan, C.H. 2006. Paired Charcoal and Tree-Ring Records of High-Frequency Holocene Fire from Two New Mexico Bog Sites. 3rd International Fire Ecology and Management Congress. San Diego, CA.

Allen, C.D. 2006. Landscape-scale restoration of forest ecosystems (panel presentation). National Conference on Conserving and Restoring Frequent Fire Landscapes of the West: Linking Science, Collaboration and Practice. Flagstaff, AZ.

Allen, C.D.  2006. Ecohydrological Linkages, Multi-scale Processes, Temporal Variability, and Drivers of Change in a Degraded Pinyon-Juniper Watershed: Implications for Erosion Modeling. Invited presentation to session: Improving Integrated Predictions of Soil Erosion.  AGU fall meeting. San Francisco, CA.

Allen, C.D.  2006. Applying historical ecology and long-term research to ecosystem management in northern New Mexico: Reflections of a place-based ecologist.  Invited seminar, Texas A&M University, Department of Rangeland Ecology and Management departmental seminar, College Station, TX.

Allen, C.D.  2006. Ecohydrology of Pinyon-Juniper Woodlands in the Jemez Mountains, New Mexico: Runoff, Erosion, and Restoration. Invited seminar, Texas A&M University, Graduate ecohydrology course, College Station, TX.

Allen, C.D.  2006. Vegetation Change in the Rio Grande Basin. Invited seminar, Texas A&M University, undergraduate watershed hydrology course, College Station, TX.

Allen, C.D.  2007. Landscape ecology, disturbance histories, ecohydrological thresholds, and watershed management in northern New Mexico.  Invited seminar, University of New Mexico, “grand finale” 2-hour lecture to spring semester graduate course in watershed management (Prof. William Fleming), Albuquerque, NM.

Allen, C.D.  2007. Climate change, disturbance interactions, and restoration ecology in the southwestern US. Invited seminar
, University of Granada, Granada, Spain.  Departmental seminar, Ecology Department.

Allen, C.D. 2007. Synergistic, threshold, and cumulative effects of disturbances in Western mountain ecosystems.  Western Mountain Initiative Workshop: Climate Change and Disturbance Interactions in Western Mountains.  Feb., Tucson, AZ.

Allen, C.D., and Castro, J. 2007. Global change, climate-induced forest dieback, and wildland fire risk. 4th International Wildland Fire Conference. May, Sevilla, Spain.

Allen, C. D. and D. D. Breshears. 2006. Climate-induced forest dieback: A global phenomenon. DIRENET annual meeting. Flagstaff, AZ.  

Allen, C. D., D. D. Breshears, N. L. Stephenson, and P. J. van Mantgem.  2007.  Climate-induced forest dieback as an emergent global phenomenon:  overview and synthesis.  Introductory symposium talk, Annual meeting of the Ecological Society of America, San Jose, California.

Allen, C.D.  2007.  Piñon-Juniper Woodland Mortality in the Southwestern USA: Climate-Induced Dieback and Ips Outbreak Interactions.  Plenary talk to Workshop on Climate Change, Insects, Pathogen, and Forests, Portland, Oregon.
Baron, J. S. 2005. Consequences of nitrogen deposition in Rocky Mountain National Park - reprise. Colorado Air Quality Control Commission, Denver, CO.

Baron, J. S. 2005. Consequences of nitrogen deposition in Rocky Mountain National Park. Presentation and field trip, Scripps Howard Institute on the Environment, Boulder and Rocky Mountain National Park CO.  

Baron, J. S. 2005. Consequences of nitrogen deposition in Rocky Mountain National Park. Colorado Institute for Leadership Training, Fort Collins, CO.

Baron, J. S. 2005. Consequences of nitrogen deposition to Rocky Mountain National Park. Colorado Departments of Environmental Health annual meeting, Aspen, CO. 

Baron, J. S. 2005. Environmental consequences of atmospheric nitrogen deposition to Rocky Mountain National Park. Poudre Golden K Kiwanis Club, Fort Collins, CO.

Baron, J. S. 2005. Field trip for air quality managers from Colorado Department of Environmental Health and Environment to Loch Vale Watershed.

Baron, J. S. 2005. Hindcasting nitrogen to determine and ecological critical load. Poster presented at the NADP annual meeting, Jackson, WY.  

Baron, J. S. 2005. Led official field trip on Front Range air pollution issues for American Association of Geographers annual meeting in Denver, CO.

Baron, J. S. 2005. Rocky Mountain Environment and Society. NREL Fall seminar.

Baron, J. S. 2006. Mountain Hydrology. Lecture to Colorado State University Watershed hydrology class.

Baron, J. S. 2006. New ecological knowledge? New ecological order? The scope of human activities on Earth. Symposium “New ecological knowledge and practices for society and sustainability,” organized as part of the Ecological Society of America (ESA) Conference on “Ecology in an Era of Globalization,”  Merida, Mexico. 

Baron, J. S., C. D. Allen, D. McKenzie, N. L. Stephenson, D. Fagre, D. L. Peterson, J. Hicke, P. G. Van Mantgem, L. Christensen, and C. Tague. 2006. Synthesis activities of the Western Mountain Initiative [Abstract]. MTNCLIM conference, Timberline Lodge, Mt. Hood, OR. September 19-22, 2006.

Baron, J., C. Allen, D. McKenzie, L. Gunderson, E. Fleishman, N. L. Stephenson, L. Meyerson, and J. K. Oropeza.  2007.  Adaptation options of national parks to climate change.  The George Wright Society Biennial Conference on Parks, Protected Areas, and Cultural Sites.  St. Paul, Minnesota.

Baron, J., T.R. Schmidt, and A. Krcmarik. 2007.  What is causing the recent increases in NO3 in Loch Vale surface waters?  National Atmospheric Deposition Program annual meeting, Boulder Colorado. 

Baron, J. S., M. D. Hartman, and D. S. Ojima. 2006. Determining critical loads for eutrophication and acidification for alpine ecosystems of the Colorado Rocky Mountains, USA [Abstract]. Proceedings of the Open Science Conference on Global Change in Mountain Regions, Perth, Scotland. In Global Change in Mountain Regions, ed. Martin Price, 131-132. Duncow, UK: Sapiens Publishing. 

Baron, J. S., M. Hartman, D. Ojima, B. M. Lafrancois, K. Nydick, H. Rueth, A. Wolfe, and J. Botte. 2005. Nitrogen deposition in the Rocky Mountains: Causes and consequences.  Symposium on nitrogen eutrophication in xeric and agricultural systems. Riverside, CA. 

Butler, D. R., G. P. Malanson, S. J. Walsh, L. M. Resler, D. B. Fagre, and C. F. Sawyer.  2005. Multi-scale geomorphic impacts and controls on alpine treeline [Poster]. 36th International Binghamton Geomorphology Symposium, University at Buffalo, SUNY, October 7-9, 2005.

Butler, D.R., G.P. Malanson, S.J. Walsh, and D.B. Fagre. 2006.  Repeat Photography and the Western Mountain Initiative [poster]. MTNCLIM 2006 conference, Timberline Lodge, Mt. Hood, OR. September 19-22, 2006. 
Butler, D.R., G.P. Malanson, S.J. Walsh, and D.B. Fagre. 2006.  Repeat Photography and the Western Mountain Initiative [abstract], MTNCLIM 2006 conference, Timberline Lodge, Mt. Hood, OR. September 19-22, 2006. 

Christensen, L., J. S. Baron, and C. Tague. 2005. Application of RHESSys model to environmental change in western mountain national parks. American Association of Geographers annual meeting, Denver, CO.  

Christensen, L., C. Tague, J. Baron. 2006. Spatiotemporal response of transpiration to climate variation in a snow dominated mountain ecosystem.  [Poster].  Ecological Society of America annual meeting, Memphis TN, Aug 6-11. 

Christensen, L., C. Tague, J. Baron. 2006. Spatiotemporal response of transpiration to climate variation in a snow dominated mountain ecosystem.  [Poster].  CIRMOUNT, MtnClim 2006 Conference, Mt. Hood, OR, September 19-22. 

Christensen, L., J. Baron, C. Tague. 2006.  Western Mountain Initiative: a network of mountain protected areas for global change research.  Rocky Mountain Climate Workshop, Durango CO October 12. 

Christensen, L., and C. Tague. 2007. Regional Hydro-Ecological Simulation System: description and application of a mountain hydro-ecological model.  Talke presented at IDEAM conference, Medellin, Colombia, February 26-28. 
Das, A. J., J. J. Battles, N. L. Stephenson, and P. J. van Mantgem.  The effects of demographic processes on the spatial structure of an old-growth forest:  the importance of density-dependent mortality.  Annual meeting of the Ecological Society of America, San Jose, California.

Fagre, D. B. and B. A. Reardon. 2005. Glacier studies in Glacier National Park. Brown bag seminar, Glacier National Park. September 14, 2005. West Glacier, MT.

Fagre, D. B. 2005. Adapting to the reality of climate change at Glacier National Park, Montana, USA. First international conference on impacts of climate change on high-mountain systems, University of Zurich and Instituto de Hidrologia,  Meteorologia y Estudios Ambientales. Bogota, Colombia, November 21-23, 2005.

Fagre, D. B. 2005. Climatic variability drives changes to the U.S. Northern Rocky Mountains. Open science conference: Global change in mountain regions, Perth Scotland, October 2-6, 2005.

Fagre, D. B. 2006. Attended forum “UNESCO-Pro-Natura International Forum on Bio-Carbon Sequestration and Conservation to Combat Climate Change: Promoting Rural Development, Energy Solutions and Biodiversity”, UNESCO (United Nations Education, Science, and Cultural Organization) World Headquarters, Paris, France. 

Fagre, D.B. 2006.  Impacts of declining snow and ice in western U.S. mountains: Progress towards integrated assessments. Western Mountain Initiative Annual Meeting, Skamania, WA, September 16-18, 2006.

Fagre, D.B. 2006, MTNCLIM Conference, Timberline Lodge, Mt. Hood, OR. September 19-22, 2006.

Fagre, D.B., 2005. Climatic Variability Drives Changes to the U.S. Northern Rocky Mountains. Open Science Conference: Global Change in Mountain Regions, Perth Scotland, October 2-6, 2005.

Fagre, D.B. 2006.  Climate Change in the Northern Rockies: What Disappearing Glaciers Tell Us About the Future of Water. AWRA (American Water Resources Association), Montana Section 23rd Annual Meeting. KwaTuqNuk Inn, Polson, MT. October 12-13, 2006. Invitied Banquet Speaker

Fagre, D. B. 2006. Glacial Recession: What is Happening to the Glaciers in the Pacific Northwest? Climate Change in the Canadian Columbia Basin: Starting the Dialogue. Columbia Basin Trust, Castlegar, British Columbia, Canada. October 20, 2006.

Fagre, D.B. 2006. Climate Change in Western North America: What Disappearing Glaciers Tell Us about the Future of Water.  Connecting Water Resources 2006. Water Management in Canada: Leadership at Every Level. Canadian Water Network, Montreal, Quebec. November 22, 2006. Fagre, D.B. 2006.  How Glacier National Park Responds to Climate Change. Glacier Country Avalanche Center, O’Shaunessy Center, Whitefish, Montana. November 18, 2006. 

Fagre, D.B. 2006.   How Glacier National Park Responds to Climate Change: Cascading Ecological Effects Reflect Rising Temperatures. 2006-2007 Ashland University Environmental Lecture Series: “Environmental Issues in the National Parks”. Ashland University, Ashland, Ohio. November 9, 2006. 

Fagre, D. B. 2006. Changing climates, changing resources – the future of Glacier National Park. 17th Annual Rocky Mountain State Parks Executive Conference, “State Parks and Tourism – Roles, Relationships and Responsibilities”, Glacier National Park, West Glacier, MT.

Fagre, D. B. 2006. Climate change research networks in western mountains: Added value from scaling up our science. USGS Global Change Research Program Strategic Planning Workshop, Denver, CO.

Fagre, D. B. 2006. Climatic change and atmospheric deposition: Global changes to a pristine national park. Western Regional Air Partnership meeting, Glacier National Park, West Glacier, MT. September 13, 2006.

Fagre, D. B. 2006. Glacier National Park and climate change: Past, present and future. Academic awards banquet, Northfield High School, Northfield, Minnesota. Also taped for showing on local Public Broadcasting System TV station.

Fagre, D. B. 2006. How Glacier National Park responds to climate change: Cascading ecological effects reflect changing water balance. Climate change – organizing the science for the American Cordillera (CONCORD), Mendoza, Argentina, April 4-6, 2006.

Fagre, D. B. 2006. How Glacier National Park responds to climate change: Cascading ecological effects reflect changing water balance [Abstract]. Symposium on Climate Change: Organizing the Science in the American Cordillera (CONCORD), Instituto Argentino de Nivologia, Glaciologia y Ciencias Ambientales (IANIGLA), Mendoza, Argentina.

Fagre, D. B. 2006. How Glacier National Park responds to climate change and what it tells us about the future. Community lecture, United Methodist Church, Columbia Falls, MT.

Fagre, D. B. 2006.  Changing climates, changing resources – the future of Glacier National Park. 17th Annual Rocky Mountain State Parks Executive Conference, State Parks and Tourism – Roles, Relationships and Responsibilities, Glacier National Park, West Glacier, MT.  May 8-11, 2006.

Fagre, D. B. 2006. How Glacier National Park responds to climate change: Past, present and future. Presentation to Glacier Park Associates, Central School Museum, Kalispell, MT.

Fagre, D. B. 2006. Invited and sponsored speaker and panel discussant in water resources and climate change session. All South American countries present except Venezuela and all North American countries present as well as multiple international representatives (e.g. World Bank).

Fagre, D. B. 2006.  Workshop participant and consultant for the World Heritage and Climate Change Expert Meeting, World Heritage Center, UNESCO Headquarters,  Paris, France,  March 2006. 

Fagre, D. B. 2006. North-south transect workshop participant, sponsored by Mountain Research Initiative in Bern, Switzerland and Instituto Argentino de Nivologia, Glaciologia y Ciencias Ambientales (IANIGLA), Mendoza, Argentina. Committees are working in hydrology, glaciers, forest dynamics.

Fagre, D. B. 2006. Participated in CONCORD meeting: Climate Change: Organizing the Science in the American Cordillera, Instituto Argentino de Nivologia, Glaciologia y Ciencias Ambientales (IANIGLA), Mendoza, Argentina. 

Fagre, D. B. 2006. Rocky Mountain high: Global warming in the west. City club of Boise forum, the Grove hotel, Boise, ID. July 24, 2006. 

Fagre, D. B. 2006. Update on glacier and snow research. Western Mountain Initiative annual meeting, Skamania, WA. September 16-18, 2006.

Fagre, D. B. 2006. The effects of climatic change on Glacier National Park: Past, present, and future. Glacier National Park annual interpreter training workshop, Glacier National Park, West Glacier, MT.

Fagre, D.B., N. Stephenson, C. Allen, J. Baron, D. Peterson and D. McKenzie. 2006. Climate Change Research Networks in Western Mountains: Added Value from Scaling Up Our Science.  USGS Global Change Research Program Strategic Planning Workshop, Denver, CO. June 26-28, 2006.

Fagre, D. B, K. Holzer, B. Reardon, G. Pederson, and L. McKeon. 2006. Repeat photography [Poster]. Waterton-Glacier science and history day, Waterton Lakes, Alberta, July 27, 2006.

Fagre, D. B, K. Holzer, B. Reardon, G. Pederson, and L. McKeon. 2006. The disappearing glaciers of Glacier National Park, MT [Poster]. Waterton-Glacier science and history day, Waterton Lakes, Alberta, July 27, 2006.

Fagre, D. B., L. M. McKeon, R. Menicke, and B. Reardon. 2006. Geospatial technologies document the disappearing glaciers of Glacier National Park [poster], 26th Annual ESRI International User Conference.

Fagre, D. B., G. T. Pederson, S. T. Gray and L. J. Graumlich. 2006. Teleconnections through space and time: Glaciers, water and the West. Session: Climate variability, natural resources, and societies: Perspectives from the past. 36th AMQUA biennial meeting, Bozeman, MT. August 18-20, 2006.

Fagre, D., G. Pederson, B. Reardon, K. Holzer, and L. McKeon.  2006. Climate change in the northern Rockies. USGS Northern Rocky Mountain Science Center all hands meeting and science review, Bozeman, MT. Feb. 8, 2006.

Fagre, D.B.  2006.  Climate Change in the Northern Rockies: What Disappearing Glaciers Tell Us About the Future of Water.  2006-07 Water Faculty Seminar Series, Haub School and Ruckelshaus Institute of Environment and Natural Resources, University of Wyoming, Laramie. November 30, 2006.

Fagre, D.B. 2006. Interview on Wyoming Public Radio, broadcast December 1, 2006.

Fagre, D. B. 2007,  Climate Change in Glacier National Park, June 15, 2007, Science and Research Symposium, Lake McDonald Lodge, Glacier National Park, MT.

Fagre, D. B. 2007.  Cascading Climate Change Impacts on the Crown of the

Continent Ecosystem, presented at Spotlight on Science at the US Fish and Wildlife Regional Office in Portland, OR. Spotlight on Science, a cooperative effort between BLM, FWS, USGS, and the USFS, addressed the topic "Effectiveness of Ecological Reserves in the Face of Climate Change" May 3, 2007. 

Fagre, D. B. 2007. Panelist and co-presenter at Assoc. of American Geographers annual meeting in San Francisco, CA, April 15-21, 2007.

Fagre, D. B. 2007.  Participant in Montana Governor's Science Advisory Committee meeting on Climate Change, Helena, MT,  Feb. 8, 2007.

Fagre, D. B. 2007.  Presenter in 3-4 communities in British Columbia, sponsored by Columbia Basin Trust and Univ. of British Columbia, Jan 29-31, 2007.
Fagre, D. B. 2007.  Presenter to Montana Board of Directors for Nature Conservancy in Whitefish, MT, Jan. 25, 2007.
Fagre, D. B. 2007. Panelist/presenter on climate and global warming at the 23rd Annual Frank Church Conference,  Jan. 22, 2007, Boise State University, Boise, ID.  Al Gore was keynote speaker.

Fawcett, P. J., J. M. Heikoop, F. Goff, C. D. Allen, R. S. Anderson, L. Donohoo-Hurley, J. W. Geissman, C. Johnson, G. WoldeGabriel, and J. Fessenden-Rahn. 2005. Climate change over a glacial-interglacial cycle from the mid Pleistocene: A Lacustrine record from the Valles Caldera, New Mexico. AGU fall meeting. San Francisco, CA.

Fawcett, P. J., J. M. Heikoop, F. Goff, R. S. Anderson, L. Donohoo-Hurley, J. W. Geissman, C. Johnson, C. D. Allen, G. WoldeGabriel, and J. Fessenden-Rahn. 2006. A mid-Pleistocene glacial-interglacial cycle from the Valles Caldera, northern New Mexico. New Mexico Geological Society annual meeting. Socorro, NM.

Graumlich, L. J., S. T. Gray, G. T. Pederson, and D. B. Fagre. 2006.  Climate change and ecosystem services: Defining the modern currency of Quaternary science.  Session: Looking forward from the past: Quaternary sciences and environmental forecasting. 36th AMQUA biennial meeting, Bozeman, MT. August 18-20, 2006.

Gray, S. T., G. T. Pederson, G. T. Betancourt, D. B. Fagre, and L. J. Graumlich. 2006. New approaches for isolating the climate/growth signal of millennial Pinus chronologies from the Northern Rocky Mountains, USA [abstract]. 2005 Meeting of the Association of American Geographer, Chicago, IL. 

Gray, S. T., G. T. Pederson, D. B. Fagre, L. J. Graumlich, and J. L. Betancourt. 2005. Disentangling the climate/growth signal of millennial Pinus chronologies from the Northern Rocky Mountains, USA. Eos Trans. AGU, 86(52), Fall Meeting Supplement, Abstract PP11A.

Gray, S. T., G. T. Pederson, and A. G. Bunn. 2007. Hydroclimatic variability in the Upper Colorado River Basin, USA, since 900 AD [abstract]. XVII International Union for Quaternary Research Congress, July 28- Aug. 3, Cairns, Australia.

Gray, S. T., G. T. Pederson, and A. G. Bunn. Millennial-scale reconstructions of regional hydrology from the Upper Colorado River Basin, USA [abstract] In: 2007 Meeting of the Association of American Geographers; April 17-21, San Francisco, CA. 
Gwozdz, R., and D. McKenzie. 2007. Modeling spatial variation of forest fuel moisture: integrating effects of terrain and forest structure.  Presented at the 2007 meeting of the Ecological Society of America, San Jose, CA.

Harper, J., D. Fagre, and B. Reardon. 2006. The role of ice movement in the response of glaciers to climate change: A focus on Sperry Glacier, Glacier National Park [Poster] Waterton-Glacier science and history day, Waterton Lakes, Alberta, July 27, 2006.  

Hartman, M. D. J. S. Baron, and D. S. Ojima. 2005. Calculating pre-measurement atmospheric deposition, stream chemistry, and soil chemistry for an alpine watershed in Rocky Mountain National Park, Colorado. Ecological Society of America annual meeting, Montreal, Canada.  

Hartman, M. D., J. S. Baron, and D. S. Ojima. 2005. Calculating pre-measurement atmospheric deposition, stream chemistry, and soil chemistry for an alpine watershed in Rocky Mountain National Park, Colorado. Poster presented at the NADP annual meeting, Jackson, WY.  

Hartman, M. D., J. S. Baron, D. S. Ojima, and W. J. Parton. 2005. Modeling the timeline for lake and stream acidification from excess nitrogen deposition for Rocky Mountain National Park. George Wright Society, Philadelphia, PA. 

Heikoop, J. M., P. J. Fawcett, F. Goff, R. S. Anderson, L. Donohoo-Hurley, J. W. Geissman, C. Johnson, C. D. Allen, G. WoldeGabriel, and J. Fessenden-Rahn. 2006. A paleoclimate record of two glacial-interglacial cycles from the Valles Caldera, northern New Mexico. Second international conference on global warming and the next ice age. Santa Fe, NM.

Hicke, J. A. 2005. Context, characteristics, and consequences of recent bark beetle outbreaks: Contributions of landscape- to regional-scale analyses. Bark Beetle Symposium. Snowbird, UT.

Hicke, J. A. 2005. Development of a web site for analyzing temperatures in mountain regions over the last 100 years. MTNCLIM 2005 Meeting. Pray, MT.

Hicke, J. A. 2005. Means and trends in solar radiation: Results from two global data sets and effects on estimated net primary production. American Geophysical Union Fall Meeting. San Francisco, CA.

Hicke, J. A. 2006. Bark beetle outbreaks in Colorado and the West. Know your valley lecture series. Vail, CO.

Hicke, J. A. 2006. Bark beetle outbreaks in the West: Impacts on ecosystems and people. Natural Resource Ecology Laboratory, Colorado State University, Fort Collins, CO.

Hicke, J. A. 2006. North American carbon fluxes in recent decades: Spatiotemporal patterns and drivers of change. University of Idaho, Moscow, ID.

Hicke, J. A., J. A. Logan, and D. S. Ojima. 2006. Insect outbreaks, forests, and climate:  Effects on the North American carbon budget. Proceedings of the First Integrated Land Ecosystem-Atmosphere Processes Study Science Conference. Boulder, CO. Edited by A. Reissell and A. Aarflot, Report Series in Aerosol Science 79:194-196.

Hicke, J. A., D. S. Ojima, J. A. Logan, D. Kashian, M. G. Ryan, and W. Romme. 2005. Comparing the impacts of different disturbances of western North American forests on carbon cycling. Seventh International Carbon Dioxide Conference. Broomfield, CO.

Holzer, K. 2005. GLORIA in North America, an alpine ecology monitoring network [Poster]. Ecological Society of America meeting, Memphis, TN.

Holzer, K. 2006. GLORIA in North America, an alpine ecology monitoring network [Poster]. Ecological Society of America meeting, Memphis TN, Aug. 2006.

Ironside, K., and Cobb N., Shaw J.D., Ogle K., Allen, C.D., and Breshears, D.D. 2007. Dieback of Forests and Woodlands Across Elevational Gradients in Response to Global-Change-Type Drought in the Western US, North America. In Organized Oral Session: Climate-Induced Forest Dieback as an Emergent Global Phenomenon: Patterns, Mechanisms, and Projections.  Ecological Society of America Annual Meeting. August, San Jose, California. 
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Other products. 

Dan Gavin (Univ. of Oregon) completed WMI-funded work on a new software package (CHARSTER) to manage and analyze sedimentary charcoal data.  The software, available on the Web (http://geography.uoregon.edu/gavin/software.html), is expected to improve the compatibility of results between researchers, allowing improved data integration between studies and thereby facilitating more extensive geographic syntheses of paleo-fire/climate records. 

WMI and collaborator Andrew Fountain completed a westwide survey of glaciers, remnant glacial ice, and perennial snowfields.  A map product has been made available on the web (http://glaciers.research.pdx.edu/).

A full-service website was produced and launched for the repeat photographs of glaciers at Glacier National Park (http://www.nrmsc.usgs.gov/repeatphoto/index.htm).
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