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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
guestions. 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, 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.




+ Kickoff meeting in Seattle in February 2004 with all six WMI Pls. WMI hired Kelly
O’Brian as coordinator.

+ Work by WMI was prominently featured at the Mountain Climate Sciences
Symposium in May 2004 at Lake Tahoe. WMI Pls and numerous collaborators met
to discuss plans and expectations for the proposed 5-year course of work, noting
emphasis on developing synthetic products.

+ WAMI PlIs and key colleagues hold first annual site-specific meeting in September
2004, hosted by PI Craig Allen of USGS Jemez Mts. Field Station at Bandelier
National Monument, focal point for the Southern Rocky Mountains node. Included
one day field trip.

. J|" Baron hosted a RHESSyS RHESSys model output
modeling training workshop in Fort e

Collins in fall 2004. RHESSys Yoserite Nationa Pak s
model calibration work begun at
Yosemite NP, eventually will
encompass all WMI core sites.

+  Work by WMI was prominently
featured at the Fall American
Geophysical Union Meeting in
December 2004 in San Francisco,
including participation in a session
sponsored by CIRMOUNT
(Consortium for Integrated Climate
Research on Western Mountains)
on “Climate Challenges to Mountain Water Resources & Ecosystems”.

+  Work by WMI was prominently featured at the initial MTCLIM2005 meeting in March
2005 in Pray, MT, sponsored by CIRMOUNT and the Mountain Research Initiative
(MRI).

+ WAMI PlIs and key colleagues held second annual site-specific meeting in August
2005, hosted by PI Dan Fagre of the USGS at Glacier National Park, focal point for
the Northern Rocky Mountains node. Included one day field trip.

Southern Rockies (American Southwest)

This region exhibits major effects of climatically induced stress, with extensive mortality
in forest ecosystems subjected to prolonged drought. Dieback is most prominent in
lower elevation and drier conifer forests, with mortality caused directly by insufficient soll
moisture in combination with beetle outbreaks. Fuel accumulations throughout



Southwestern mountains have created the potential for large wildfires, which are also
linked to ENSO cycles (fewer fires during wet El Nifio, more fires during dry La Nifia).
Southwestern forests may be exhibiting some of the first signs of the effects of climatic
change in arid Western forests. It remains to be seen whether conifer forests with
extensive dieback will regenerate or will change to woodlands and shrublands.

Southern Rocky Mountains Science Highlights

+ WNMI continued to conduct research on ecosystem responses to
recent drought in the Southwest, ranging from tree-growth
patterns, runoff and erosion in woodlands, and documentation of
extensive forest and woodland mortality. This work led to multiple
invited presentations by Craig Allen on "massive forest dieback" at
scientific meetings and extensive press coverage in 2004,
including Time magazine, the New York Times, High Country
News, and an AP wire report picked up by many newspapers.

+ Other WMI work with collaborators continued on reconstructing
fire histories from charcoal and tree-ring proxy records in the
southern Rockies.

+ WAMI provided key support to implement a sediment core drilling
project in 2004. The project extracted ~81m of largely laminated
sediments from an ancient lake ca. 500,000 years B.P. from the
Valles Caldera basin in north-central New Mexico (see figure). A
collaborative effort, partners include USGS, Univ. of New Mexico,
Los Alamos National Laboratory, NSF-funded DOSECC and
LACCOR, and more than a dozen other colleagues from a variety
of universities.

¢ Craig Allen was a co-author on an article published in the
Proceedings of the National Academy of Sciences that addresses
emerging ideas about spatial nonlinearities and cross-scale
ecological interactions, with an associated symposium at the 2005
annual meeting of the Ecological Society of America.

Southern Rocky Mountains Management / Policy Highlight

+ Information from long-term studies of erosion and restoration
treatments in local pinyon-juniper woodlands was essential in
supporting development of a NPS environmental impact
statement

on . . . .

A section of a sediment core, with varying types of
WOOdIand lamination, which have the potential to provide unique
restoration paleoclimatic information for the Valles Caldera basin in
at Bandelier | north-central New Mexico from ca. 500,000 years ago.




National Monument.
Southern Rocky Mountains Integrative Highlights

¢ The Southwest node of WMI funded a workshop “Fire History and Climate Synthesis
in Western North America”, held April 30 — May 4, 2005 in Flagstaff Arizona. This
workshop assembled about 75 leading scientists who work with either/or tree-ring
and sedimentary charcoal records of paleofire to discuss their most recent research
findings and to develop collaborations, research synthesis products, and plan for
future database development and investigations (http://www4.nau.edu/firehistory/).

Sierra Nevada

Mixed conifer forests in the Sierra Nevada have also experienced drought stress in
recent years, with considerable mortality in some areas. These forests are particularly
susceptible to large fires because of the additional effects of fire exclusion on stand
density and fuel accumulation. Also, elevated tropospheric ozone reduces vigor and
increases litterfall in ponderosa pine and Jeffrey pine. Finally, the exotic white pine
blister rust has caused mortality of sugar pine and increased canopy and surface fuels.
Paleoecological data suggest that a warmer climate may cause treeline to rise
significantly at some locations.

Sierra Nevada Science Highlights

+ In a global analysis motivated by research findings along a climatic gradient in the
Sierra Nevada, Nate Stephenson and Phil van Mantgem demonstrated that forest
turnover rates (mortality and recruitment) follow global and regional patterns of forest
productivity. The results, published in Ecology Letters, have implications for
understanding and predicting the effects of climatic changes on forest carbon
storage and dynamics.

+ Along with a National Park Service colleague, Phil van Mantgem, Nate Stephenson,
and Jon Keeley published an article in Ecological Applications analyzing the ongoing
decline of sugar pine in the Sierra Nevada. This majestic species has been suffering
the effects of fire exclusion and an introduced pathogen — stresses that may be
exacerbated by expected climatic changes.

+ In December, Nate Stephenson was an invited speaker at the international
FLUXNET Open Workshop in Florence, Italy, where he spoke on “Thinking like a
plant: connecting biogeography to fluxes of energy and water.”

Sierra Nevada Management / Policy Highlights
+ Nate Stephenson gave several invited presentations to National Park Service (NPS)

and other natural areas managers at the national and regional level, focusing on the
possible consequences of rapid environmental changes. Are ongoing



environmental changes of such a nature that NPS goals may evolve from restoring
and maintaining naturally functioning ecosystems toward enhancing or maintaining
ecosystems that are best able to resist and recover from stresses?

Sierra Nevada Integrative Highlight

+ Phil van Mantgem and Nate Stephenson completed assembly of a large forest
dynamics database aimed at elucidating climatic controls of forest dynamics in
western mountains.

Pacific Northwest

During the past year, WMI Pls in the Pacific Northwest and their collaborators focused
on associations between tree growth and climate, fire and climate in the historical and
modern record, and potential responses of forest species composition to climatic
change. Tree-growth responses to increasing temperatures and associated reductions
in snowpack have been variable. At higher elevations, where regeneration is mostly
limited by duration of snowpack, seedling establishment and growth rates have
increased on all but the driest sites. At lower elevations and on drier sites, drought
stress has limited growth rates and is expected to continue to do so as temperatures
increase. Current evidence of stress is most noticeable on the east side of the Cascade
Range, where semiarid forests dominated by ponderosa pine, especially those with high
stem density as a result of fire suppression, have experienced unprecedented beetle
outbreaks. Based on historical reconstructions and statistical models of 20" century
fires, increased fire severity and area burned are expected across the Northwest in
response to prolonged and more severe droughts in the 21% century. Forest
landscapes across the region may become increasingly vulnerable to synergistic
disturbances such as the combination of fires and insect outbreaks. We are currently
beginning a simulation modeling experiment to examine future scenarios for ecosystem
productivity, forest species succession, and changes in disturbance regimes on six
representative watersheds.

PNW Science Highlights

+ Models of growth-climate relationships for key montane and subalpine species:
mountain hemlock, subalpine fir, Douglas-fir, lodgepole pine.

+ Models of species distributions as function of climate for most Northwest conifer
species.

+ Aregional-scale, replicated study of the response of montane Douglas-fir to climate.

+ Fire-climate relationships from Holocene sedimentary records (charcoal), fire-
scarred trees, and the modern record all point to drought and temperature as key
controls on fire regimes at broad spatial scales. Based on these diverse records, we
project substantial increases in fire severity and extent in the future.



PNW Management / Policy Highlight

+ Large fire years are controlled by climate and only secondarily by fuel configurations,
particularly in crown-fire ecosystems. We can therefore expect overall increases in
fire disturbance over the next century even with increased attention to fuel
management or effective fire suppression.

Northern Rocky Mountains

Similar to the Pacific Northwest, this region also is experiencing rapid establishment of
subalpine forests in meadows. Although the location of altitudinal treeline has not
changed in response to climate, there is currently a trend of more upright growth of
trees from previous krummholz (shrubby) form. Tree regeneration and growth in this
location are also strongly affected by the PDO, with growth and regeneration being high
during warm phases the PDO (less snow) and low during cool phases (more snow).
Crown fire has spread through a large portion of lower-elevation forests during the past
decade.

Northern Rocky Mountains Science Highlights

Mean annual temperatures continue to increase, driven predominantly by increases in
nighttime and winter minimum temperatures. Snowpack persistence has declined by
two weeks during the past 50 years and spring meltout occurs earlier. Several glaciers
have recently disappeared and the total number now stands at 27, a remnant of the 150
glaciers that previously existed. A glacier monitoring program has been established to
document the expected demise of all glaciers by 2030. Paleoclimatic studies
demonstrate that strong multidecadal patterns of winter snow water equivalent and
summer drought explain cycles of glacial accumulation and ablation as well as
widespread wildfire. Snow avalanche frequency also responds to multidecadal climatic
variability but has more complex drivers. Understanding these drivers is critical to
estimating the ecological role of snow avalanches and providing key management
guidelines for mitigating damage to infrastructure such as railroads and highways in
avalanche-prone mountains.

Northern Rocky Mountains Management/Policy Highlight

Multidecadal droughts have occurred regularly for the past 500 years and should be
expected in the future. The impact of these droughts will be worsened by higher mean
temperatures. Ecosystem services, such as water supplies, will be negatively impacted
at a time when mountains are playing a greater role in regional water management
plans.



Central Rocky Mountains

To date, climatic variability has had minimal effects on forests of this region, although
some data suggest that upright growth of krummholz trees may be increasing near
altitudinal treeline. As in other forests throughout the West, fire exclusion has increased
stand density and fuel loading in lower elevation mixed conifer forests.

Central Rocky Mountains Scientific Highlights

¢ Summer mean temperatures are 5
increasing. When coupled with July
drought, warming has initiated e
melting of permafrost and glacier L b o 0 A=
ice, as evidenced by greater i ’\ o e n
annual stream discharge than o £ o 7 TEe
precipitation in recent years. 4

¢ Elevated nitrogen deposition at
high altitude is already affecting
aguatic systems, and has also
altered subalpine forest microbial
activity and soil and foliar nutrient
ratios. Evidence that inputs of
industrial and agriculturally-
derived nitrogen to high elevations _ e —
in the Colorado Front Range 1 = % Ty
began 1950-1960 has come from A2y ™ .7
paleo-interpretation of diatom " 1
asgemblages in sediment cores. 1991 1993 1995 1997 1999 2001
This has been augmented by new
findings from pigment analyses of
sediments showing concurrent Temperature trends from the Loch Vale weather
increases in whole lake primary station in Rocky Mountain National Park, from Clow
production. Statistical analyses of | etal (2003).
NOy emissions since 1990
coupled with measured precipitation chemistry since 1983 suggest nitrogen
deposition in 1950-60 was 1.5 kg N ha™* y*. This value can be interpreted as the
critical load that triggered the onset of ecological change in high-elevation Rocky
Mountain lakes.

4 December

Mean monthly air temperatures (jC)

+ In nitrogen-limited forest plots soil CO, respiration decreases when N fertilizer is
added, due to increasing carbon accrual by forest biomass. Nitrogen additions to
nitrogen-saturated forests, on the other hand, appear to stimulate microbial
breakdown of soil organic carbon; respiration increases, but only when there is
adequate soil moisture.



Central Rocky Mountains Management Highlight

¢+ The accumulated body of evidence from long-term ecological research and
monitoring in Loch Vale Watershed, Rocky Mountain National Park has convinced
national park managers, the State of Colorado, and the EPA to collaborate to
develop a process for possibly reducing nitrogen emissions that have led to
measurable change in terrestrial and aquatic high elevation ecosystems.
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Earth’s glaciers are vanishing, look no further than Glacier National Park, where
ice formations thousands of years old may be gone in 30. Article based on
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half as many as 1960s. www.missoulian.com/articles/2003/01/25/export1783.txt.

Montana Senior News. October/November 2004. Pages 58, 59, and 87. Dan Fagre
interviewed about shrinking glaciers and climate change.

National Geographic Adventure Magazine (book excerpts reprinted). By Peter
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Thaw. Dan Fagre quoted in feature article.

National Geographic Magazine (website). By Daniel Glick. August 2004. The Big Thaw.
Excerpt from article which interviewed Dan Fagre about Glacier National Park’s
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expansion of tropical and subtropical (e.g., southern Arizona) grasslands, and
how previous models of global CO2 changes do not seem to explain changes in
grasslands documented for the Late Miocene.
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The New York Times. By Jeffrey Selingo. May 7, 2004. Travel section front page. Going
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avalanche forecasting work in Glacier National Park.
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Prologue. By Eagle Valley Library District, Eagle, CO. Winter 2005, Vol. 3, Issue 1.
Front page photo for High Country Speaker Series.

The Rocky Mountain News. By Jim Erickson. August 30, 2004. Pollutants raining down
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Science. All Downhill from Here? By Kevin Krajick. March 12, 2004, p. 1600-1602.
Article on treeline advance cites Dan Fagre’s work in Glacier.

Science. 309, 27, 2005. Review of climate plotting web page
www.nrel.colostate.edu/~jhicke/climate_data.

Science News. By Sid Perkins. Fall 2003. Interview about global change research and
glacial retreat in Glacier National Park.

Science News. By Sid Perkins. October 4, 2003, Vol 164(14) p. 215. On thinning ice —
Are the world’s glaciers in mortal danger? Article on world-wide glacial recession
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Senior News. By Gail Jokerst. July 2004. Interviewed Dan Fagre about climate change
studies in Glacier National Park.

Sonora Union Democrat. By Dhyana Levey. January 20, 2005. Tree disease in forest
studied. Phil van Mantgem interviewed about infections of white pine blister rust
in sugar pines in the Sierra Nevada.
http://www.uniondemocrat.com/news/story.cfm?story_no=16328. A USGS and
NPS study published in Ecological Applications examined a unique long-term
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Texas Education Agency. By Robin Dufner. July 2004. Science assessment test.
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TIME Magazine. August 16, 2004. Why the West is burning: A five-year drought has
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Weekly Snowpack Report. Prepared by Blase Reardon. Winter 1999-2003. SNOTEL
graph updates, provided to park rangers and road crew.
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