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WHAT IS SPRUCE?

A multi-year cooperative among scientists of the Oak
Ridge National Laboratory operated by UT-Battelle, LLC
and the USDA Forest Service Northern Research Station
at the Marcell Experimental Forest in northern Minnesota
— An experiment to assess the response of northern peatland

ecosystems to increases in temperature and exposures to
elevated atmospheric CO, concentrations.

— Sponsored by the Office of Biological and Environmental
Research within the US Dept. of Energy’s Office of Science.




MEASURING EFFECTS OF CLIMATE
CHANGE ON PEATLANDS

Study responses within a peatland to multiple
levels of warming at ambient and elevated CO,
levels, in a replicated design:

« Warming levels from ambient to +9 C (above and below
ground) inside large, open-top chambers.

 Elevated CO, in the range of 800 to 900 ppm for the
ambient and +9 C warming treatments.




SCIENCE QUESTIONS

 How vulnerable are peatland ecosystems and their component organisms
to atmospheric and climatic change?

— Can we guantify the potential for shifts in local species dominance and regeneration success
to assist projections of future biome changes over decades to centuries?

— Will species assemblages or loss of species have unanticipated impacts on ecosystem
processes?

— Do changes in ecosystem services precipitate a change in state (e.g., loss of a dominant plant
functional type)?

» To what degree will changes in plant physiology under elevated CO, impact
a species’ sensitivity to climate or competitive capacity within the
community?

« Will full belowground warming release unexpected amounts of greenhouse
gases and solutes from high-C-content northern forests?

— How will decomposition, nutrient cycling, and feedbacks on solute availability affect ecosystem
productivity, solute efflux, and trace gas emissions?

« What are the critical air and soil temperature response functions for
ecosystem processes and their constituent organisms?

— Do those response functions for ecosystem processes depend on shifts in species interactions
and composition?

» Will ecosystem services (e.g., biogeochemical, hydrological, or societal) be
compromised or enhanced by atmospheric and climatic change?



A RESEARCH PLATFORM FOR THE
CLIMATE CHANGE COMMUNITY

» A core suite of research will be funded and pursued by
scientists at ORNL and the Forest Service in Grand Rapids.

— With outside collaborations sought by specific research groups to fill
perceived science gaps.

* Via external funding, we intend to facilitate collaborations that
are consistent with the design, science mission, spatial
constraints of the chambers, and integrity of the experiment on
the sensitive bog ecosystem.




PROJECT FRAMEWORK

SPRUCE Project

Project Coordination
ORNL: Paul J. Hanson
USDA FS: Randy Kolka

Science Advisory
Panel

Experimental Systems
& Environment

Paul |. Hanson
Randy Kolka, USFS
Donald E. Todd
Jeff Rigps

Data Quality and
Archives

Les Hook

ity Assessments

Plant Communities
A Diversity and NPFP)
Brian Palik, USF5

Carla A. Gunderson

Microbial Communities
[Fopulations, Redox,

depth sampoling]
Chris Schadt

Flant Growth,
Phenology & NPP

Trees and shruhs:
Paul ]. Hanson
John Bradford, USFS

Sphagnum;
_Rich Norby

Belowground Processes

Root growth
Colleen Iversen
Joanne Childs

Decomposition
Randy Kolka USFS

Plant Physiology
[Flux and isotopes]

Plant water use:
Jeff Warren

Carbon physiolopy
Stan D, Wullschleger
Carla Gunderson

Ecosystem Modeling

CLM-CN

Peter Thornton
LP]-WHyME

Rita Wania/Paul Miller
Fn-ET

John Bradford USFS

Cooperative Research

Other Scientists &
University Cooperators

Biopeochemical Cycling
[Stocks, Isotopes Flux)

Steve Sebestyen, USFS
Patrick |. Mulholland
Jeff Warren

Element Cycles:
Charles T. Garten [r
Deanne Brice

Mineralization
Colleen Iversen

Carbon cycle;
Charles T. Garten Jr.
Randy Kolka, [I5F5
Paul |. Hanson

Vepetation Elements and
Litter
Rich Norby




HEATED CHAMBERS

o Radiation -
Precipitation t Deposition

‘ Amovable roof could be
added to this chamber
during non-precipitating

night hours to reduce
operational costs.

Recirculating forced-
air heaters with
internal airmixing
provide above ground

heating (x6 to 8)

fagy
"
-

s 1]
..........

............... Isolated
""""""""""""""""""" belowground
corral includes
peatlayers

Belowground heating provided by gradual heat inputs from
deep heating probes located away from the target biology

« 12 m diameter internal study area.
8 m tall aboveground chamber.

* Heating to 2 to 3 meter within peat.
Belowground environment enclosed in a
subsurface chamber.




PROJECT SETTING

The S1 bog watershed at the

Marcell Experimental Fores.t of Marcell
the Northern Research Station Experimental
of the USDA Forest Service. Forest

North of Grand Rapids in Itasca County, MN =
Deer River Ranger District 3
Chippewa National Forest i‘-{—
. |
A mix of uplands, bogs, fens, .

lakes, and streams in the Marcell
hills moraine.




SUPPORTING LONG-TERM DATA DOCUMENTING
BASELINE CONDITIONS AND TRENDS

* Precipitation amount.
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« High-resolution surface
o topography mapping (LIDAR).

» Peat physical properties.
C pools and fluxes.
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AND ECOLOGICAL SETTINGS
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STEMMING FROM
A PAST EXPERIMENT...




TODAY

Short-stature, accruing black spruce
forest in a northern peatland.




POTENTIAL PLOT LOCATIONS




EA FOR NEPA APPROVAL
MOVES FORWARD

Joint NEPA planning between FS
and ORNL/DOE.

— Targeted submission in September with
finalization during December 2010.

— With NEPA approval, a subsurface
barrier and prototype chamber will be
constructed to prove / improve the
engineering concepts.

— Upon successful trial of the prototype,
buildup of infrastructure is planned
through 2013.

— Full-scale experiment for up to 10
years.
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