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ABSTRACT

Understanding responses of ecosystem carbon cycles to climatic and atmospheric change is the
focus of the ORNL Terrestrial Ecosystem Science Scientific Focus Area (TES SFA). Overarching science
guestions include: (1) How will interactions among the physical climate, biogeochemical cycles,
ecological processes, fossil fuel emissions and land use evolve and influence one another over decades
and centuries? (2) How do terrestrial ecosystem processes, interactions and feedbacks control the
magnitude and rate of change of greenhouse gases? and (3) How will the magnitude and rate of
atmospheric and climatic change alter the structure and function of terrestrial ecosystems and their
capacity to provide goods and services to society? The proposed science includes large-scale
manipulations, carbon cycle observations, process-level studies, and an integrating suite of modeling
efforts. ORNL's climate change manipulations are organized around a single climate change experiment
focusing on the combined response of multiple levels of warming at ambient or elevated CO; in a black
spruce - Sphagnum ecosystem in northern Minnesota. The experiment allows the evaluation of
mechanisms controlling vulnerability of organisms and ecosystem processes to climate change variables.
The TES SFA addresses fundamental processes controlling terrestrial vegetation function and change to
improve mechanistic representation of ecosystem processes within terrestrial carbon (C) cycles and Earth
system models. Integration of biophysical, biochemical, physiological, and ecological processes in
ecosystem models is optimally constrained by historical and contemporary observations. The TES SFA
plan is structured to eliminate artificial distinctions between experimental or observational studies and
model building, parameter estimation, evaluation, and projection.
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EXECUTIVE SUMMARY

The TES SFA supports research to understand and predict the global terrestrial ecosystem forcing of
the earth’s climate, and to assess vulnerability of terrestrial ecological systems to projected changes in
climate and atmospheric composition. The research is focused on how terrestrial ecosystems affect
atmospheric CO, and other greenhouse gases and how the ecosystem processes responsible for these
effects interact with climate and with anthropogenic forcing factors. Targeted experiments are conducted
for the quantification of climate change responses to improve prediction of the effects of atmospheric and
climatic change on ecosystems’ capacities to deliver goods and services, and on feedbacks from
ecosystems to the atmosphere and climate. Other process research is targeted at accurately quantifying
the exchange of CO, between the atmosphere and land ecosystems through photosynthesis, net production
and storage pools, autotrophic and heterotrophic respiration, disturbance, and land management
practices. TES SFA research also includes efforts to more accurately quantify uncertainty in
anthropogenic emissions of CO, from fossil fuel burning, and takes advantage of ongoing efforts to
guantify historical, present-day, and anticipated future greenhouse-gas consequences of land use and
land cover change. Fundamental processes controlling terrestrial vegetation function and change
discovered by TES SFA tasks are used to improve mechanistic representation of ecosystem processes
within terrestrial carbon (C) cycle and Earth system models.

The TES SFA is developing capabilities for quantitative projection of future atmospheric greenhouse
gas concentrations and ecological effects from environmental change that incorporate complex feedbacks
and responses among terrestrial ecosystems, human activities, and Earth’s climate system. Spatial and
temporal analyses of terrestrial ecosystem responses will provide robust and fundamental scientific
results, syntheses and analyses to advance fundamental understanding. The breadth and complexity of this
undertaking requires the scientific and technical expertise of scientists across the DOE complex, and is
focused on delivering timely answers to questions of national importance. Quantitative, transparent and
accessible science products produced by the TES SFA can be used by decision-makers and stakeholders
to evaluate and address climate change consequences. The TES SFA team’s unique strengths in
measurement, experimentation, and modeling will be synergistically combined to answer pressing global
change science questions. ORNL’s powerful computation and informatics capabilities are available to
support this vision of Earth system analysis. The TES SFA group focuses on interactions among the
climate system, terrestrial ecosystem dynamics, biogeochemical dynamics, and land use change that are
most suited to the team’s current strengths and potential for development.

Overarching Science Questions

The following overarching science questions are driving TES SFA activities and each is supported by

hypotheses about likely terrestrial responses to environmental and atmospheric change:

1. How will interactions among the physical climate, biogeochemical cycles, ecological processes,
fossil fuel emissions and land use evolve and influence one another over decades and centuries to
come?

2. What terrestrial ecosystem processes, interactions and feedbacks control the magnitude and rate
of change of atmospheric CO, and other greenhouse gases?

3. How will the magnitude and rate of atmospheric and climatic change alter the structure and
function of terrestrial ecosystems and their capacity to provide goods and services to society?

Goals and Milestones
The TES SFA Science Plan addresses the following five research goals and associated long-term (5 to
10 year) milestones. Progress on recent (3-year) milestones is summarized later in this report.

1. Resolve uncertainty in the sign and magnitude of global climate-terrestrial C cycle feedbacks under
future climatic warming and rising CO,. Current terrestrial C cycle models used in coupled C
cycle-climate simulations show a range of responses so large that we cannot determine the sign of
the terrestrial C cycle feedback with climate with any real confidence.



e Long-term goal: Provide an operational system to analyze C sources and sinks that integrates
global C measurements, data assimilation and experimental results to quantify the sign (net
uptake or loss of C from terrestrial ecosystems) and more tightly constrain the magnitude of
global climate-terrestrial C cycle feedbacks.

2. Understand and quantify organismal and ecosystem vulnerability to warming and how the response
to warming is modified by CO,. Projected magnitudes and rates of future climatic and atmospheric
change exceed conditions associated with current interannual variations or extreme events. It
follows that a suite of processes will be impacted to a degree and in ways that we have insufficient
information to predict from observations alone: experimental manipulations are required.

e Long-term goal: Conduct and complete experimental manipulations and synthesize results
including the development of algorithms for characterizing changes in net plant production and
relative species composition and associated changes in water balance and biogeochemistry
under climatic change.

3. Develop an improved, process-based understanding of soil C pools and fluxes to improve
predictions of net greenhouse gas emissions in Earth system models as a function of time, space,
soil type, and climate. Soil C is the largest terrestrial C pool, and the dynamics are difficult to
quantify due to the myriad of biological, environmental, and edaphic factors present at all scales of
space and time. Current understanding of mechanisms governing soil C dynamics is inadequate for
projecting the potential for storage and release of soil C as a function of changing edaphic and
climatic factors.

e Long-term goal: Provide a flexible model of soil C storage based on microbial processing of
soil C for incorporation in fully coupled Earth system models.

4. Incorporate new findings on interannual and seasonal dynamics, episodic events and extreme
events revealed by sustained landscape flux measurements into terrestrial components of terrestrial
C and Earth system models emphasizing the importance of the decadal time scale. Landscape-level
measures of C, water and energy flux provide essential data for the evaluation of land-atmosphere
exchanges in order to validate and improve terrestrial C and Earth system models.

e Long-term goal: Achieve predictive capacity to simulate interannual to decadal dynamics
important to water balance, biogeochemical cycling and vegetation response to climatic change
across ecosystems.

5. Search out key uncertainties within global land-atmosphere-climate models and future Earth
system diagnosis models as the basis for proposing new measurements and experiments as new
knowledge is gained.

e Long-term: Resolve major components of terrestrial feedback uncertainty for the entire Earth
system. New model capabilities will include improved process-based representation of soil
organic matter dynamics and new representation of ecosystem climate change response
mechanisms derived from experiments.

Research to accomplish these broad goals and objectives is organized as a series of tasks focused on
terrestrial ecosystem responses to environmental and atmospheric change and to climate change forcing
modifications driven by terrestrial C cycle processes or structural features. Tasks included in TES SFA
efforts to date are listed below with parenthetical identification of the goals that each addresses.

Climate Change Response Tasks

Task R1: Spruce and peatland responses under climatic and environmental change (SPRUCE;
Goals 1 and 2).
Task R2: Walker Branch Watershed long-term monitoring (Goal 4).
Climate Change Forcing Tasks
Task Flabc: Mechanistic C cycle modeling (Goals 1, 2, 3, 4, & 5).
Task F2: Partitioning in trees and soils (PiTS; Goals 4 and 5).
Task F3: Representing soil C in terrestrial C cycle models (Goal 3).
Task F4ab: Terrestrial impacts and feedbacks of climate variability, events, and disturbances
(Goal 4).
Task F5: Fossil C emissions (Goals 1 and 5).
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TES SFA activities interact with global modeling activities at ORNL to improve the representation of
terrestrial C cycle processes and climate-vegetation-C cycle feedbacks required to reduce uncertainty in
predictions by global climate and Earth system models of future climate and terrestrial response.

Data systems and informatics are not a separate focus area, but an integral part of the TES SFA.
ORNL is developing and deploying data and information management, and integration capabilities
needed for the collection, storage, processing, discovery, access, and delivery of data. Systems will also
be developed for assimilation of available measurements, synthetic analysis results, model forcing and
boundary condition data sets, and the archiving of model outputs. Such an information system facilitates
model-data integration and provides accessibility to model output and benchmark data for analysis,
visualization, and synthesis activities.

Approach

Developing robust parameter estimation procedures and reducing uncertainty through identifying and
improving structural deficiencies in global terrestrial C cycle models are accomplished through organized
interactions among data collection, experimental manipulation, and model development at all scales.
Experiments and field observations are employed to better understand organismal responses to
environmental and atmospheric changes from molecular through whole-plant responses to the integrated
function of entire ecosystems. Our efforts are focused on understudied ecosystem processes and
ecosystems subject to greater rates of change under projected climate futures. We use model-data
assimilation and multivariate model benchmark evaluation in all aspects of the TES SFA’s research
program. The SFA uses a multi-model approach in all analyses since multiple models provide richer and
more robust findings than analyses of any single model. Because CO; is the dominant forcing factor, we
include research to quantify fossil fuel emissions, including their spatial and temporal distributions and
associated uncertainties. Products of the TES SFA include primary research publications, synthesis
activities (e.g., critical review papers, model-data intercomparisons, and international workshops), newly
archived data, and a multi-scale model-data assimilation system delivering analyses of climate change
forcings and terrestrial organism responses appropriate for local-to-global analyses.

Highlights for the period October 2009 through December 2011

o Published 84 papers with 16 additional manuscripts progressing towards final acceptance (see
Appendix A)

e Developed the theoretical approach and a web-based tool for the extraction of key photosynthetic
data from foliar CO, response curves (Gu et al. 2010 and http://leafweb.ornl.gov)

e Developed a new experimental method for conducting field experimental warming studies
(Hanson et al. 2011), and engaged in community dialog on appropriate warming methods for
future use (Amthor et al. 2009).

o Published a highly visible Scientific American article on environmental change experiments
(Wullschleger and Strahl 2010).

e Asaresult of field experiments with transplanted **C labeled leaf litter, we developed new soil C
cycle (Parton et al. 2010; Tipping et al. 2011) and root growth (Riley et al. 2009) model
improvements to enhance the capacity of C cycle models to capture the fate and turnover of C.

e Proposed and demonstrated the importance of an improvement to the conventional eddy
covariance theory with measurements from the MOFLUX site (Gu et al. 2011) made possible by
detailed profile measurements within that forest canopy. All flux sites in the world should
reprocess their previous measurements in order to avoid bias errors in C and water fluxes and
budgets. MOFLUX reprocessing has been completed.

e Demonstrated for the first time with a fully-coupled Earth System Model (CESM) that C-nutrient
interactions can have a fundamental influence on atmospheric CO, concentrations and global-
scale ecosystem-climate feedbacks (Thornton et al. 2009).

o Applied the land component of the CESM modeling framework to show the influence of rising
CO,, increasing mineral nitrogen (N) deposition, and human-caused land use and land cover
change on global-scale river flow, one of our most reliable and integrative evaluation metrics for
the global models (Shi et al. 2011).
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NARRATIVE (SECTIONS 1 THROUGH 6)

1. BACKGROUND AND PROGRAM OVERVIEW

The Earth’s environment is changing on all scales, from local to global. Global change predictions
made by the present generation of coupled climate-C cycle models are hampered by uncertainty
surrounding fundamental climate-ecosystem feedbacks and by climate change impacts on ecosystem
structure and function. Current understanding of these feedbacks and impacts is not adequately
represented in today’s state-0f-the-science analyses of Earth system dynamics. The TES SFA’s approach
to Earth system analysis combines the development and improvement of terrestrial land surface models
with the deployment of new measurements and experiments. This is done in coordination with
complementary ORNL efforts in global climate and coupled climate-C model development and
simulation. Improved understanding of terrestrial land surface responses and feedbacks to climate and
atmospheric change will be integrated in global-scale Earth system models for future climate change
research and applications. Our paradigm is to identify and target critical uncertainties in coupled climate
and terrestrial ecosystem processes and feedbacks, prioritized by their influence over global change
predictions on decadal and century timescales. New measurements and experiments are employed to
obtain new knowledge required to reduce these uncertainties, identifying and filling gaps in the
representation and parameterization of fundamental processes within existing Earth system models. Major
uncertainties and critical knowledge gaps under current consideration are outlined in the science plans
attached to this document.

The TES SFA research includes large-scale manipulative experiments, C cycle observations, process-
level studies, and an integrating suite of modeling and prediction efforts. C cycle modeling and research
involve the integration of biophysical, biochemical, physiological, and ecological processes into terrestrial
ecosystem models that are optimally constrained in structure and function by historical and contemporary
observations and experimentation. The models include process-level results of manipulative experiments
to enable projections of future responses and feedbacks to climate forcing. ORNL's environmental change
manipulations are organized around a single experiment (SPRUCE) focusing on the combined response
of multiple levels of warming at ambient or elevated CO, (eCO,) levels in a Picea mariana - Sphagnum
peat bog in northern Minnesota. The experiment provides a platform for testing mechanisms controlling
vulnerability of organisms and ecosystem processes to important climate change variables (e.g.,
thresholds for species decline or mortality, limitations to regeneration, biogeochemical regulation of
productivity, C evolution). The TES SFA also currently supports smaller-scale manipulations to quantify
C partitioning in trees and soil (PiTS) to inform model parameterization and process, as well as limited
support for core, long-term tracking of the hydrologic, biogeochemical and biological response of the
Walker Branch Watershed to inter-annual climatic variations, and sustained support for the
characterization of global C emissions. ORNL's SFA research plans and philosophy effectively eliminate
an artificial distinction between experimental or observational studies and modeling (including model
construction, parameter estimation, evaluation, and prediction).

1.1 TES SFA PERFORMANCE TIMELINE AND ORGANIZATIONAL UPDATES

Work summarized in this document was initiated in October 2009 as a part of the Oak Ridge National
Laboratory (ORNL) Climate Change Program Plan (http://tes-sfa.ornl.gov). That plan included Scientific
Focus Areas (SFAs) on Climate Change Response, Forcing, and Mitigation. In July 2010, at the direction
of DOE-BER, we were asked to combine the Response and Forcing SFAs into the Terrestrial Ecosystem
Science Climate Change Scientific Focus Area (i.e., the TES SFA). This document includes progress-to-
date reporting through December 2011 for all tasks of the Response and Forcing SFAs initiated October
2009. We then describe future planned research under the TES SFA and provide specific budgets for the
2013, 2014, and 2015 fiscal years.

1.2 TES SFA PHILOSOPHY, RESEARCH, GOALS, AND MILESTONES

TES SFA research is exercising an iterative modeling process (Figure 1) in which observational and
experimental studies and modeling activities at different spatial and temporal scales are integrated and
used to estimate and mechanistically explain current C sources and sinks and forecast their future
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behavior and influence on atmospheric CO, concentration and climate. The TES SFA’s focus on
terrestrial land processes and function is complementary to broader ORNL Climate Change Science
Institute (CCSI) efforts in global climate and coupled climate-C model development and simulation.

TES SFA :
Research Philosophy
Environmental-Change Figure 1. Diagram of the TES SFA
Responess Scenarios research philosophy and flow
Large-scale Experiments Integrated Modeling illustrating an iterative exchange
peee® between model projections, question

or hypothesis development and the
execution of observations and
experiments to better understand
impacts of multi-factor environmental
changes on ecosystems.

CLM-CN

LoTec, LPJ-WHyMe,
ecosys, LaRs

"6 2. Q
T —.
i (PPT Change \‘
/Warming / b \
Warming x CO, Jes
‘ SPRUCE wod

| — wocess
Implications
for ESMs

Multi-year Observations
MOFLUX; Walker Branch | Process Studies

EBIS, PITS, Soil Microbes

Carbon cycle modeling and research involve the integration of biophysical, biochemical,
physiological, and ecological processes into terrestrial ecosystem models. Terrestrial C-cycle models,
which represent our best scientific understanding from experiments, are validated and constrained by
historical and contemporary observations and further informed by experimental manipulations that enable
projections of future ecosystem response and feedbacks to climate forcing.

Accurate model representations of soil C cycling processes, particularly responses to short- and long-
term environmental changes, are needed to improve predictions of regional- to global-scale climate
models. Given recent process-level advances in our understanding of the chemistry of soil C storage and
susceptibility to warming-induced decomposition, the accuracy of current models in predicting soil C
response to environmental change is uncertain. The TES SFA is generating mechanistically based rate
data to resolve recent questions regarding the nature of stabilized soil C, and to develop process-level
models describing soil C response to environmental change.

Manipulative experimental work under the TES SFA focuses on the identification of critical response
functions for terrestrial organisms, communities, and ecosystems to environmental changes. Both direct
and indirect effects of these experimental perturbations are analyzed to develop and refine models needed
for full Earth system analyses.

Research summarized for the TES SFA is ambitious in its scope, effort, and fiscal requirements. It
represents a challenge that is fully utilizing, testing and extending the broad interdisciplinary facilities of
the DOE National Laboratories. Proposed and ongoing experiments, simulations, and measurements are
conducted to enhance our understanding of the quantitative mechanisms of terrestrial biological responses
of important ecosystems to environmental and atmospheric changes and physical and ecological
feedbacks between Earth and its climate.

Overarching Questions and Relevant Science

The following overarching science questions and the subsequent description of key goals and
milestones acknowledge significant uncertainties in climate change prediction regarding terrestrial
ecosystem response.

1. How will interactions among the physical climate, biogeochemical cycles, ecological processes,
fossil fuel emissions and land use evolve and influence one another over decades and centuries to
come?

2. What terrestrial ecosystem processes, interactions and feedbacks control the magnitude and rate
of change of atmospheric CO, and other greenhouse gases?

3. How will the magnitude and rate of atmospheric and climatic change alter the structure and
function of terrestrial ecosystems and their capacity to provide goods and services to society?
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2. PROGRESS SINCE OCTOBER 2009

Research goals and all milestones for near-, mid-, and long-term deliverables for the TES SFA were
described and justified in the original SFA plans. In the context of a 3-year review cycle initiated in
October 2009, the following goals and their near-term deliverables are summarized. Details are
documented in the following sections.

1. Understand and quantify organismal and ecosystem vulnerability to the interactive effects of

atmospheric and climatic change through the use of new experimental manipulations employing

multi-level warming with appropriate CO, exposures and measures of water and nutrient limitations.

o Select a target ecosystem or ecosystems on which to focus experimental studies of response to
warming and CO, increases based on feasibility, projected vulnerability, societal and scientific
importance [completed in 2010].

o Complete the design [completed in 2011] and construction of new experimental manipulations,
and initiate treatments [ongoing infrastructure development through spring 2013].

2. Resolve uncertainty in the sign and magnitude of global climate-terrestrial C cycle feedbacks

under future climatic warming and rising CO,.

e Deliver a functional C cycle model including element feedback constraints and CO, response
[completed in 2010] incorporating conclusions from completed experiments [ongoing through
2012] capable of quantifying global patterns of terrestrial C sources and sinks.

o Develop plans for new measurement and experimental needs, highlighted by forcing uncertainties
[ongoing through 2012].

3. Improve model representation of belowground C partitioning to better predict the fate of C under

future climate warming, rising CO, and other climate perturbations.

e Short-term manipulative field measurements to quantify internal plant C partitioning (especially
into belowground sinks) and subsequent impacts on soil N cycling and autotrophic/heterotrophic
CO, release will be conducted in different tree species based on specific needs for model
parameterization [completed loblolly pine measurements 2011, efforts for other tree species and
data-model integration are ongoing].

4. Develop an improved, process-based understanding of soil C pools and fluxes to improve

predictions of net greenhouse gas emissions in Earth system models and to inform mitigation

strategies through ecosystem management.

o Complete and synthesize TES SFA experiments and measurements on the forms, fate and
transport of soil C based on isotopic tracer and other studies in natural and managed ecosystems.
e Landscape gradient analyses [completed in FY2011].

o EBIS-AmeriFlux Efforts [on schedule for completion in FY2012].

5. Incorporate new findings on interannual and seasonal C and water dynamics, episodic events and

extreme events revealed by sustained landscape flux measurements into terrestrial components of

terrestrial C and Earth system models emphasizing the importance of the decadal time scale.

e Synthesize existing land-atmosphere C, water and energy measurements and experimental results
to constrain interannual and seasonal dynamics in terrestrial land surface and C models
[completed each year].

e MOFIlux observations [completed, archived and summarized for 2005 through 2010].
o Develop extreme events backbone database for exteme events [data for drought and freeze
events have been completed].

2.1 PROGRESS BY TES SFA TASKS

Section 2.1 expands our progress-to-date reporting through December 2011 for all tasks of the
TES SFA including Response and Forcing SFAs initiated October 2009. For context on our progress over
the initial years of TES SFA activities, full descriptions of the initial plans for all tasks can be found in the
June 2009 ORNL Climate Change Program plan available on line at http://tes-sfa.ornl.gov. Page limits
preclude a comprehensive discussion of all progress-to-date under the TES SFA, but a full listing of TES
SFA peer-reviewed publications since October 2009 is provided in Appendix A to supplement this text.
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Appendix B provides additional details for several key publications from ORNL climate change studies
that predate the TES SFA, but that represent a logical extension of our overall efforts in climate change
science.

CLIMATE CHANGE RESPONSE TASKS

2.1.1 TASK R1 — SPRUCE AND PEATLAND RESPONSES UNDER CLIMATIC AND ENVIRONMENTAL
CHANGE [THE SPRUCE EXPERIMENT]

Experimental efforts of the TES SFA are critical to future projections of ecosystem structural and
functional responses to climatic and atmospheric change because they provide measured observations of
responses to environmental conditions that are not duplicated within current or historical measurements
conducted through time or across space. Experiments provide the comprehensive data sets needed to
generate response curves or multidimensional surfaces. Such data are needed within models to drive
projections beyond the data sets available from current and historical observations.

The SPRUCE experiment is a climate change manipulation focusing on the combined response of
multiple levels of warming at both ambient and elevated CO, (eCQO,). The experiment is being set up to
provide a one-of-a-kind platform for testing mechanisms that control vulnerability of organisms and
ecosystems to important climate change variables (e.g., thresholds for species decline or mortality,
limitations to regeneration, biogeochemical regulations of productivity). SPRUCE is being established in
a Picea mariana [black spruce] — Sphagnum spp. forested peatland in northern Minnesota. This
ecosystem, located at the southern extent of the spatially expansive boreal peatland forests, is considered
to be especially vulnerable to climate change and to have important feedbacks on the atmosphere and
climate.

Since October 2009, progress has been made on all planned SPRUCE activities including the design
and development of experimental infrastructure, the installation of environmental monitoring on the S1
Bog of the Marcell Experimental Forest, testing and evaluation of measurement methods, and the
planning for and execution of a priori model simulations to guide plans for pre- and post-treatment
observations. The following summary briefly describes progress in these areas and Section 3.1 lays out
the timeline and deliverables for SPRUCE in FY2013, 2014, and 2015 that will include the initiation of a
decade of experimental treatments. Additional SPRUCE details can be found at http://mnspruce.ornl.gov.
The SPRUCE website provides project documents, images, and presentations that are available to
participants and the public. The site was implemented using the Drupal web site application/content
management system.

2.1.1a Project Agreements and Environmental Review

Memorandum of Understanding — A memorandum of understanding (MOU) between UT-Battelle
and the USDA Forest Service was developed to define the roles and responsibilities of each institution in
the long-term operation of the SPRUCE experiment (http://mnspruce.ornl.gov/content/spruce-project-
documents).

National Environmental Policy Act Approval — DOE procedures for approving experimental activities
both on and off of the Oak Ridge Reservation led to the decision that an Environmental Assessment (EA)
of the SPRUCE activity was needed. A draft EA was completed in November 2010 and was submitted for
public comment during March 2011. Final NEPA approvals were granted 10 June 2011 allowing
infrastructure development to take place on the S1 Bog in Minnesota. The published Environmental
Assessment documents can be found on the SPRUCE project web site:
http://mnspruce.ornl.gov/content/spruce-project-documents.

2.1.1b SPRUCE Project Structure

The SPRUCE experiment comprises the research tasks and a combination of both ORNL and USDA
Forest Service staff identified in Figure 2. The key task leads and supporting personnel are indicated in
the figure. The coordinating panel is made up of the Response SFA research manager (Paul J. Hanson),
the Minnesota USDA Forest Service contact (Randall K. Kolka), the Technical Task leads, and a group of
external science advisors. This coordinating panel serves as the decision-making body for major
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operational considerations throughout the duration of the experimental activity and it will be the panel for
vetting requests for new research initiatives to be added to the experiment when it becomes operational.

2.1.1c Infrastructure

We succeeded in bringing our vision of a next-generation warming and CO, exposure enclosure to
reality. In October 2009 we had a conceptual idea for an enclosure that would provide both above- and
belowground warming treatments to a complex ecosystem including trees, shrubs and a high-C soil.
Hanson et al. (2011) demonstrated the capacity of our new approach to produce logical temperature
differentials both above- and belowground to depths of at least 2 meters, and further indicated that the
new method may produce disproportionately high CO, emissions from deep soil storage pools or
enhanced root activity that have not been previously observed in warming studies. We constructed and
tested a full 12-m diameter version of the above- and belowground warming concept at ORNL. Since the
initiation of the SFA, scientists and engineers produced full construction plans for the concept by
February 2010, established subcontracts for its construction in March 2010, and in June 2010 we took
ownership of a full-scale prototype of the enclosure for instrumentation ahead of testing (Figure 3). The
enclosure was populated with a variety of sensors including temperature sensors (air and soil), relative
humidity sensors, an array of radiation sensors to evaluate its actual energy use, and CO, sampling ports
in order to evaluate the homogeneity of temperature and atmospheric conditions within the enclosure and
the energy demands needed to attain target warming temperatures.

While planning and constructing the warming enclosure, we engaged ORNL expertise in complex
fluid dynamics modeling in various exercises to estimate the turbulence dynamics and energy use needs
of the enclosure. We completed testing of the field performance of this all-electric prototype for air
warming, deep belowground warming and the production of elevated CO, atmospheres between January
and November 2011. Results from testing the electrically heated prototype (Figure 4) show that
temperature differentials of as much as +7 °C can be achieved for variable energy inputs. Propane-based
heating will be needed in Minnesota to achieve target warming levels of +9 °C because local electrical
supplies are not available at those demand levels.

ORNL engineers simulated and designed the addition of a frustum to the initial aboveground
enclosure, which had straight sides for simplicity to further deflect external winds and limit energy losses.
Following installation of the frustum the turnover time of warmed air within the enclosure was increased
and energy use went down. At target temperatures of +3 and +6 °C the enclosure yielded a mean
differential per energy input value of approximately 0.17 and 0.09 °C per kW of energy input.
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Figure 3. SPRUCE ecosystem warming enclosure concept (left photograph) and the final fully instrumented
prototype (right photograph). The warming enclosure has instrumentation for measuring turbulence, air
temperature, and relative humidity at multiple heights, and soil temperatures to depths as much as — 2m.
Sampling tubes for [CO,] measurements are also installed. The lower photograph shows a full-scale prototype
corral installed in the S1 Bog in Minnesota. Interlinked sheet piles between 3 and 4 meters long were driven
through the peat to the underlying ancient lake bottom to seal a hydrologic basin for testing.
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In addition to constructing the warming prototype in Oak Ridge, TN we completed a full-scale
prototype of our belowground corral on the S1 Bog of the Marcell Experimental Forest in October 2011
(Figure 3 lower photograph). This flow barrier will serve two purposes: (1) prevention of flow into the
plots if snowmelt desynchronizes between the chamber and the surrounding peatland, or if water table
gradients develop between inside and outside of the experimental plots due to changes in water use inside
the chamber, and (2) a means to collect and measure the volume and chemical composition of surface
runoff from each plot. Design documents were prepared and a prototype constructed under subcontract
with Minnesota vendors to allow testing of the system in 2012. If proven to be an effective barrier, the
corral will allow us to better characterize the hydrologic budget of the manipulated peatlands and more
appropriately capture the full influence of warming on integrated ecosystem processes and functions.
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Site Engineering — Detailed construction diagrams and site plans necessary to supply power to the
experiment, clear roadways and open areas, and to characterize subcontract details for building the
boardwalks for the S1 Bog were completed in 2010 (Figure 5 center). Land clearing near the S1 Bog as
indicated in the figure and the clearing of a corridor along which electrical service can be brought to the
S1 Bog was completed in November 2011.

$1 Plot Numbers

Figure 5. SPRUCE engineering site
plan for the S1 Bog showing the
access roads, parking, parking
areas including locations for
temporary office buildings in
upland areas to the west side of the
bog, and the extensive network of
boardwalks that must be added to
the bog itself to allow repeated
access to up to 28 experimental
units. Photographs show land
clearing completed November
2011.

Experimental Desigh — The SPRUCE experiment is being developed to determine the integrated
response of the spruce bog ecosystem and its component processes and parts (trees, shrubs, bryophytes,
and microbial communities) to a broad range of above- and belowground temperature increases, and to
test how those responses to increased temperature will be altered by elevated atmospheric CO,
concentration. Experimental temperature treatments will range from ambient to a +9 °C differential from
ambient for both air and deep soil (Hanson et al. 2011). Those treatments will be repeated in combination
with ambient or elevated CO, atmospheres approaching 800 to 900 ppm. The treatment levels and their
allocation to the available experimental units on the S1 Bog are being configured to provide optimal data
for characterizing a range of temperature response curves for plant- or ecosystem-level phenomenon.

The original SFA plan proposed an incomplete factorial using 28 experimental units that included
four replicates of each of the following seven treatments: unchambered ambient plots, control plots at
+0 °C, warmed plots at +3, +6, and +9 °C and warmed plots exposed to elevated CO, atmospheres at
+3 °C and +9 °C. Although this approach is viable, project participants realized that the incomplete
factorial design was statistically weak, open for criticism, and not the best approach for addressing our
priority science questions surrounding responses to warming. Through quantitative analysis of different
possible experimental designs, we concluded that a more flexible regression-based experimental design
including a broad range of temperature levels would yield more statistical power and better long-term
data to characterize response curves for application within ecosystem and earth system models.

Such a modification of the experimental design provides the flexibility to choose the number of
treatment levels from 28 surveyed experimental plots (Figure 5) allowing us to accommodate the costs of
constructing, operating, and adding instruments to the warming enclosures. A regression-based
experimental design appropriate for detecting the shape of the temperature or other environmental
response curves will be pursued as an experimental design with more flexibility than traditional analysis
of variance (ANOVA). This approach will allow us to evaluate and parameterize response curves for the
shape of previously unmeasured phenomenon (Cottingham et al. 2005). If necessary, this combination of
treatment plots occupying perhaps 20 experimental units might still be justifiably binned into low,
medium and high temperature treatments for ANOVA based assessments for some variables.

A minimum of six experimental units for each level of CO, (ambient and ~900 ppm) deployed over
the range of temperatures from 0 to +9 °C is needed to provide redundancy to protect against
infrastructure failure while still allowing the flexibility to evaluate a range of forms for response curves.
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An important assumption underlying this choice is that there are no strong gradients across the
experimental area that would mandate a block design. Preliminary survey data from the site justify
making this assumption.

Application of the treatments — The SPRUCE research group has been discussing the manner in
which temperature treatments would be applied. Initial assumptions were that the treatments would be set
to their target level from the start of the experiment and held there for the duration of the 10-year study.
However, concerns about instantaneous changes to high temperature differentials have led us to consider
ramping temperatures over 1 to 5 years to target treatment temperature differentials when they would be
held constant for the remaining years. This approach would allow us to evaluate the effects of rate of
change on acclimation by a range of organism functional types. The subsequent constant differential
period would then allow us to monitor the influence of intra- and interannual variations on the imposed
treatments. The decision on ramping will be made with the benefit of further external input.

2.1.1d Modeling: a priori approximations of experimental results

We engaged two modeling groups to produce a priori model projections of the experimental
treatment conditions to rationalize magnitudes of responses and to help drive measurement plans and
investments for both pre-treatment and post-treatment activities within the SPRUCE experiment. Paul
Miller (Lund University) with input from Rita Wania (University of Victoria) completed a priori model
projections for SPRUCE experimental treatments using the LPJ-WHyMe digital vegetation model (Wania
et al. 2009a, 2009b, 2010; Miller et al. in prep.). Their model was initialized for application of ambient
simulations to Picea-Sphagnum bog ecosystems and included an intermediate detailed model for methane
flux. Robert Grant (University of Alberta) conducted model runs with the ecosys model (Dimitrov et al.
2010ab), which had been previously configured for applications to mature boreal black spruce
ecosystems. The ecosys model also includes a detailed characterization of methane cycle mechanisms.

NEP — LPJ vs. ecosys

Figure 6. Simulated net ecosystem
production (NEP) of CO,-C (upper
graphs) and CH4-C (lower graphs) from
B ‘ the LPJ-WHyMe and ecosys models.
® % oy Smuaonvears R L Disagreements in flux magnitude stem
from different starting assumptions
imposed by each model, and the inverse
relationship for NEP is the result of a N
feedback present within ecosys that is
Net CH, Flux — LPJ vs. ecosys not represented in LPJ-WHyMe.
Positive NEP values represent C uptake
by the land surface.
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Figure 6 shows contrasting results from the two completed a priori model runs. Initial model runs
were parameterized with little input from the SPRUCE site, and the results reflect each model’s
characteristics. Different magnitudes of CO, and CH, fluxes projected by the models were driven by
different assumptions of the age of forest stands (LPJ — developing; ecosys — mature). More interesting
are the opposite projections for net ecosystem production from the two models with LPJ projecting C loss
and ecosys projecting C gain. The ecosys model contains a full N budget absent from this version of LPJ,
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which explains the difference in model projections. Warming treatments in the bog are hypothesized to
enhance decomposition and nutrient mineralization, leading to enhanced C uptake by higher plants. In the
ecosys model this response is very dominant and leads to enhanced C gain. These a priori model runs
give us glimpses of what may happen with future warming and elevated CO, conditions. The variation the
magnitude and direction of responses is justification for the execution of the SPRUCE experiment. We
will pursue further simulations to better define expectations.

Peter Thornton, Daniel Ricciuto, and Gautam Bisht at ORNL are in the process of converting a point
version of the CLM-CN land surface model (Thornton et al. 2007) for application to the SPRUCE high C
bog ecosystem. Initial efforts with CLM-CN have focused on model modifications needed to represent
the isolated hydrologic cycle of the bog environment, as well as the observed patterning of the bog
interior into raised hummocks and sunken hollows having distinct hydrologic dynamics and vegetation
communities. Initial runs with the original CLM-CN hydrology configuration generally agree with the
LPJ-WHyMe results, showing strong warming-induced C losses for target treatment levels and
compensatory responses (through enhanced primary production) in the presence of elevated atmospheric
CO,. Next steps for a priori CLM-CN modeling are to couple the new hydrology treatment with
vertically structured soil organic matter pools, and then to introduce components of a methane model
recently developed for CLM (Riley et al. 2011). We are also considering funding of a priori model runs
with the TEM model that has been applied to high latitude ecosystems with similar characteristics
(Euskirchen et al. 2009; Zhuang et al. 2004)

2.1.1e Observations and Measurement Evaluations for SPRUCE

Data management and SPRUCE Web site — The SPRUCE Project initiated its data management
program with the development and release of a comprehensive Data Policy. The Policy is a clear
statement of the importance of the data collection effort and the control of the flow of data from field
collection through archiving and to its fair use by the scientific community. Data will be archived at the
CDIAC Data Archive (http://cdiac.ornl.gov/). The components of the Data Policy are expanded upon in
the Data Management Plan. The plan provides a structured framework to capture the project-defined
requirements for maintaining data quality and consistency, and for controlling data processing. Data
management guidance and best practices are included for implementation by the research group. Data
Collection Guides have also been created to provide step-by-step instructions for implementing specific
data collection and reporting activities.

The TES SFA also recognizes the need to develop the capability to track samples in projects like
SPRUCE beyond their initial use and/or samples collected specifically for long-term archiving, future
use, and data reporting. The TES SFA will coordinate with other BER funded projects and other leaders
in environmental sample archiving (e.g., LTER and NEON) as applicable to enable this capability. The
Policy, Plan, and Guides are available on the SPRUCE web site: http://mnspruce.ornl.gov/content/spruce-
data-policies.

Environmental monitoring — Environmental monitoring stations with numerous sensors were
established on the S1 Bog at the Marcell Experimental Forest over the summer and fall of 2010 with
further enhancements added in 2011. Data are retrieved by USDA Forest Service staff and transferred to
SPRUCE data management where the files are archived and processed, basic quality control checks are
performed and time-series plots are produced for review. These data are posted on the web site for project
use and public dissemination at http://mnspruce.ornl.gov/webfm.

Surveys of the S1-bog experimental site — An initial survey of above- and belowground characteristics
of the S1 Bog needed to clarify the final experimental design was conducted in late September 2009. We
subcontracted with a research group at Rutgers University to conduct ground-penetrating radar estimates
of peat depth distribution across the S1 Bog to further clarify the best locations for future experimental
blocks. A manuscript describing this process and its future application for assessing stocks of peatland
carbon has been accepted pending revisions in Soil Science Society of America Journal (Parsekian et al.).
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Tree and Shrub Measurements — During FY2010 and FY2011, preparations for long-term pre- and
post-treatment observations of tree and woody shrub responses were initiated. We collected initial
biomass data and developed allometric relationships for application to annual biomass and C increment
estimates for SPRUCE trees, shrubs and understory plants. Plot centers on the S1 Bog for up to 28
experimental units were established for application to the assessment of tree (Picea and Larix) responses
to the warming and CO, treatments. The numbers and distributions of each tree species within these 28
plots were assessed during a field campaign in February 2011. Tree diameters at 1.3 m (i.e., DBH) were
measured and tree positions were mapped. These observations were done in the presence of snow cover
and frozen conditions to protect the underlying shrubs and Sphagnum microtopography. These data will
be used together with other vegetation and peat characteristic data to choose homogeneous plots for
random application to experimental treatments. Automatic dendrometers were installed on Picea trees to
enable correlations between above- and belowground phenology. Basal area growth was shown to begin
in mid-June and was completed by mid-August. Automated dendrometers will be deployed on a subset of
trees in all plots to provide intra-annual growth data and phenological indications of changing allocation
patterns.

Fine-root assessments — Minirhizotrons were installed on the S1 Bog in July 2010, in two areas
accessible by boardwalks but away from the future location of experimental plots. Twelve tubes were
installed in each of the two areas and initial measurements were done to verify the efficacy of the
approach. Experience installing, anchoring, and imaging minirhizotrons in the bog was also used to
inform a review paper on minirhizotron use in wetlands (Iversen et al. in press). The minirhizotron tubes
were monitored throughout 2011 to provide data on fine-root production and standing crop in relation to a
gradient of spruce density and in hummock compared with hollow topography, and they will provide
guidance for tube placement and appropriate imaging interval in the experimental plots. Preliminary data
indicate that: (1) root production increased with increasing Picea density but decreased at highest Picea
density levels, (2) root production and standing crop were greatest in the hummocks, and (3) few roots
were present in deeper peat (> 90% of root standing crop was shallower than ~10 cm, which was the
average summer water-table depth).

Roots are currently being separated from a subsample of peat cores collected in June 2011 in order to
characterize root morphology, chemistry, and root mass per unit soil depth. Preliminary analysis indicates
differences in morphology between Picea, Larix and ericaceous shrubs, and that the majority of root
length is shrub roots of < 0.2 mm diameter.

Sphagnum community assessments —The moss community, particularly Sphagnum species, plays a
central role in the structure and function of the S1 Bog, and the response of that community will most
likely be central to the overall response of the ecosystem to our imposed treatments. Substantial initial
effort in FY2010 and FY2011 was dedicated to becoming familiar with the species, and to develop
experience with measurement techniques appropriate for characterization of Sphagnum productivity.

Sphagnum Species Identification — Two dominant and several lesser species of Sphagnum have been
identified on the S1 Bog. S. angustifolium is prominent and dominant in hollows and on the sides of
hummocks, covering 68% of the bog area. S. magellanicum is also present throughout the bog (19%
cover) but it dominates on hummocks and often mixed with S. angustifolium. S. fuscum, S. capillifolium,
and S. rubellum are also present, but comprise 1% or less cover. Polytrichum (8% cover) and several
feather mosses are scattered throughout the bog, occasionally forming large patches in drier sites and will
need to be considered in measures of annual production and changing species composition within
experimental treatments.

Sphagnum Growth measurements — Sphagnum growth was determined by measuring length
increment and translating that to dry mass increment using standard methods (Clymo 1970). The standing
crop estimate (~ 140 g C m) compares well with estimates of Weishampel et al. (2009); it is similar to
the estimated standing crop of spruce needles. Annual production of Sphagnum is estimated to be ~ 100 g
C m™. Nitrogen concentrations are consistent with literature values.
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Figure 7. Photosynthetic characteristics of Sphagnum and feather moss as a function of tissue water content
(left graph) and photosynthetically active radiation (PAR; right graph).

Sphagnum Physiology — Samples of the two dominant Sphagnum species and a feather moss were
collected across hummock-to-hollow transects as part of a survey assessment to assign physiological
attributes to specific species. Samples are being analyzed for N, protein, Rubisco and light saturated
photosynthesis (Asy) in response to PAR, tissue water content and ambient CO, concentrations. The three
moss species varied considerably in their Ag; response to tissue water content and PAR (Figure 7). A
research plan has been developed for using molecular and physiological tools to measure the responses of
major components of the bryophyte community to increased temperature, CO, and altered seasonal
hydrology. These data will be used to predict whether differential physiological responses will lead to
changes in bryophyte community composition and function that can influence whole-ecosystem C and
nutrient cycling in a bog system experiencing warming, elevated CO,, and altered hydrology.

Microbiology — A preliminary characterization of depth-specific profiles of microbiological, physical
and biogeochemical properties of the S1 peat material was begun in December 2010 (Figure 8). These
investigations are being carried out seasonally (e.g., under the snow, snowmelt, and summer/snow free) to
understand how changes in peat temperature profiles affect these properties. Cores are being sampled to
depths of 1.5 to 2 m and sectioned into 10-cm increments for microbial population and activity estimates.
The abundance of bacteria, Archaea and fungi were measured with 16SrRNA QPCR (Castro et al. 2010)
and microbial enzyme potentials/activity measurements are being made for a suite of reactions related to
the C and N cycles (Sinsabaugh 1994). The pH, %C, %N, and %fiber content were also measured as
described in other tasks. Temperature and Eh, are being measured continuously in the field using a
HYPNOS data logger (Vorenhout et al 2004).
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While Eh was slightly positive in the upper depths of the peat profile indicating that aerobic processes
will likely predominate (e.g. nitrification, methane consumption), it is driven substantially negative at
depths below 50 cm, which indicates that anaerobic processes (e.g. methanogenesis) will predominate.
This trend is inversely related with pH, which becomes less acidic with depth, and corresponds well with
patterns observed in the gross composition of the microbial community. Our optimized QPCR assays
demonstrate that while bacterial and fungal abundance decreases with depth, Archaea (including
methanogen) abundance remains high, resulting in dramatic shifts in the ratios of these three groups that
could shift during warming, driving further biogeochemical feedbacks.

Biogeochemical Cycling — Planned element cycling measurements in response to warming and
elevated CO, include: 1) plant nutrient concentrations, stocks, and fluxes, 2) peat nutrient availability, 3)
in situ, whole system indicators of changing N biogeochemistry, and 4) peat physicochemical
characteristics. We have initiated investigations of the pretreatment characteristics of plant nutrient
concentrations, stable C and N isotope ratios, and peat properties in the S1 Bog at Marcell Experimental
Forest.

Plant nutrient concentrations — Plants were collected in July 2010. Different plant tissues from
common S1 Bog species were analyzed for C and N. A comparison of the two dominant tree species
indicated that Larix had higher foliar N concentrations and lower foliar C/N ratios than Picea. The herb
Smilacina had the highest foliar N concentration and the lowest foliar C/N ratio among six sampled herbs
and shrubs. The preliminary data will be used for planning pre-treatment sampling protocols for herbs,
shrubs, and trees during the 2011 and 2012 growing seasons. lon-exchange resins were installed in
summer, 2011 at three depths to test their efficacy and develop appropriate methodology for nutrient
analysis, and peat incubations under aerobic and anaerobic conditions in the laboratory are being
conducted to examine net N and phosphorus mineralization at multiple peat depths.

Foliar samples from Picea and Ledum across a transect of the S1 Bog were analyzed for N and P
concentration to determine if there are any gradients that would influence location of experimental plots.
N and P concentrations were highest at the northern end (where Alnus is present) and in the mid-section,
where the peat depth is least, but these areas are not where experimental plots will be located. There was a
weak relationship suggesting lower %N and %P in Picea (but not Ledum) with increasing peat depth
(excluding peat > 8 m), but no other relationships with site variables were detected. Nitrogen
concentrations were greater in Ledum than in Picea, but P concentrations were similar. The N/P ratio was
greater than 16 in Ledum, which can be indicative of a P deficiency, and less than 14 in Picea, which can
be indicative of N deficiency. Variability across the site was not large.

Whole system indicators of N cycling — Building on results from studies in other ecosystems,
measurements of natural >N abundance have been proposed as a measure of whole system changes in N
cycling under warming and elevated CO,. This indicator will be used in conjunction with other
measurements of nutrient availability (i.e., buried ion exchange resins, changing water chemistry and peat
incubations) to study changes in ecosystem N cycling in SPRUCE. Measurements of changing N
availability and biogeochemistry are not trivial in a system where the substrate is either waterlogged or
frozen for a significant part of the year.

Carbon pools and processes — Planned studies of C pools and processes include measurements of C
stocks and fluxes. Physical and chemical properties of peat have a direct bearing on the vulnerability of
organic matter to microbial attack, decomposition, and nutrient release in response to warming and
elevated CO; at the S1 Bog. Because 97% or more of the C in ombrotrophic bogs at Marcell is tied up in
peat (Weishampel et al. 2009), our preliminary work on C pools and processes has been centered on the
properties of peat at the S1 Bog.

Based on peat samples collected in the summer of 2010 and early 2011, vertical profiles were
constructed for peat C and N stocks at S1 Bog. Estimated C stocks totaled 132.5 kg C m™ in the top 2.5 m
of peat. The estimate was in agreement with prior calculated peat stocks (Weishampel et al. 2009) when
scaled to equivalent depths. Most of the estimated peat C stock resides at depths below 90 cm, and there
are high uncertainties about the deep peat C content that will be resolved by future sampling.

Peat physicochemical characteristics — Peat samples were obtained in March and July 2010 and June
2011, and optimum sampling methods for accessing hummock, shallow and deep peat were determined.
Ideal sampling equipment must be able to penetrate fibric surface peat horizons, minimize compaction,

20



retain sample integrity, and yield sufficient dry matter for analysis. Large-diameter cores (7 cm) were
needed to meet these requirements.

Using a WaterMark® Universal Core Head Sediment Sampler, we distinguished a 10 to 12 cm
surface layer of dead Sphagnum from deeper, decomposed peat in the S1 Bog in July 2010. Samples of
dead Sphagnum and decomposed peat were processed using a 5-part laboratory protocol that included: 1)
elemental and isotopic analysis, 2) analysis of fiber content, 3) sequential chemical extractions, 4)
decomposition measurements, and 5) sample archival (approximately 25% of the initial fresh sample).

Elemental and isotopic analysis — Peat samples were analyzed for C and N and also analyzed for
stable C and N isotope ratios. Samples will be analyzed for *C at a later time to determine the age of peat
at different depths in the S1 Bog. Vertical profiles of stable N and C isotope ratios at S1 Bog were
constructed on the basis of plant and peat samples collected in July 2010. Tissue samples from Picea and
Larix and dominant ericaceous shrubs were strongly depleted in natural abundance *°N, with the
exception of two species (Eriophorum and Smilacina). Measurements of >N aboveground were indicative
of a tightly closed N cycle and limited ecosystem N availability. Belowground vertical peat profiles of
8"N and 8"3C were relatively flat but showed some slight enrichment in **N and *3C consistent with older,
more decomposed organic matter at depth.

Peat chemistry — Using published methods (Wieder and Starr, 1998), we analyzed the chemical
characteristics of fibric peat samples collected in March 2010 from the S1 Bog. Initial analyses were
performed for the purpose of testing laboratory methods in addition to preliminary chemical
characterization of surface, fibric peat samples. Additional analyses are planned for both fibric and hemic
peat samples obtained during the July 2011 field campaign.

Chemical extractions provide a detailed, quantitative characterization of the amount of C in nine
different organic matter fractions (soluble fats, oils, and waxes; soluble carbohydrates, soluble phenolics;
hot-water solubles, holocellulose, alpha-cellulose, hemicellulose, lignin; and acid-soluble carbohydrates).

Holocellulose (including alpha-cellulose and hemicellulose), lignin, and acid-soluble carbohydrates
are regarded as more resistant to decomposition than soluble nonpolars and water-soluble fractions.
Refractory forms of C dominate fibric surface peat in the S1 Bog. The predominance of refractory
constituents in fibric peat from S1 Bog may be caused by rapid decomposition of the more easily
degraded components or the natural chemistry of litter inputs (especially from mosses and shrubs). Fiber
content of peat is also being evaluated as a baseline data set with the presumption that such characteristics
might change with warming.

Peat decomposition — Laboratory incubations are being used to determine the potential lability of
different types of peat to decomposition under aerobic (drained) and anaerobic (saturated) conditions.
Decomposition of fibric and hemic peat from the July 2010 field campaign was studied using an Oxymax-
ER soil respirometer. Peat samples were incubated for 9 days in the dark at room temperature and at
moisture conditions obtained in the field (saturated). Under saturated conditions, measurements of CO,
efflux indicated significantly greater decomposition rates for surface fibric peat (dead Sphagnum) than
more decomposed, hemic peat. Decomposition rates increase dramatically when free water is drained
from samples of surface fibric peat (dead Sphagnum). The preliminary measurements indicate that surface
water levels in the S1 Bog will play an important role in determining peat CO, efflux under different
treatments in SPRUCE. We are continuing the incubation studies to determine optimum incubation times
and conditions for in vitro quantification of potential decomposition rates of different peat types and will
couple measurements of C and N mineralization under different temperature regimes, and
aerobic/anaerobic conditions to inform biogeochemical cycling in models.

Land surface and landscape CO, and CH, flux — Open-path CO, and CH, sensors have been acquired
for use in the measurement of (1) plot-scale head space accumulation measurements of CO, and CH,
diffusion from the bog surface, and the evaluation of the efficacy of enclosure level assessments of CO,
and CHj, flux. Large collars (1.3-m diameter) have been obtained and an enclosure “dome” has been
constructed for the plot scale observations (Figure 9).

21



0.30

0.25

0.15

0.10

0.05 =

Net CH4 Flux (pmol m-2 s-1)

0.00
0.0 5.0 10.0 15.0 20.0 25.0

Hollow Temperature (°C)

Figure 9. Open-path CH, and CO, sensors (photo) deployed for measurements of flux from hummock-hollow
complexes on the S1 Bog. Seasonal data from mid-June through early-November (right graph).

Large eddy simulations, bubble and smoke tests conducted inside the prototype enclosure in Oak
Ridge showed that the mixing time scale of air is on the order of minutes and the flow is horizontally
homogeneous except for a very short distance (< 1 m) near the inlets and outlets of the blowers. These
flow characteristics indicate that it may be possible to apply the eddy covariance technique to measure
fluxes within the enclosure. We are currently testing the efficacy of quantifying whole plot gas exchange
for CO,, CH,4 and water vapor within the warming enclosures.

Plant physiology — The overarching focus on physiological processes is to understand the rates and
seasonal dynamics of water use and C exchange by the higher plant species of the bog. Linkages between
climate conditions and moisture availability for vascular vegetation above the Sphagnum layer dictate
gross primary production and respiratory contributions to site C balance and impact the surface energy
balance. Measurements to date have characterized key processes that must be monitored and modeled to
interpret instantaneous to long-term term ecosystem processes with warming and elevated CO,
treatments.

Foliar and whole-plant physiology were examined for S1 Bog species in 2010 and 2011 through
laboratory and field-based research. In late summer, the maximum ranges of predawn to midday v for
shrubs, spruce and larch were -1 to -10, -1 to -15 and -3 to -20 bars, respectively. Plant water use as sap
flow was investigated in Ledum, Chamaedaphne and Vaccinium shrubs, Larix and young (<1 m) or
mature Picea trees using energy balance (EB) and thermal dissipation (TD) techniques. The EB technique
was found to apply to all species regardless of size; however, EB required high maintenance and was very
sensitive to thermal disturbance. The TD technique was more robust and was best applied to trees with
sapwood depth > 1 cm (i.e., trees with a diameter > 5 cm).

Foliar gas exchange measurements included: (1) light and CO, response curves on detached plant
material under semi-controlled conditions, and (2) in situ diel measurements at prevailing light, in
conjunction with determination of leaf water potential. Gas exchange was assessed for S1 Bog species in
2010 and 2011 through multiple field campaigns, and supplemented with growth chamber observations.
Field gas exchange was measured at prevailing temperatures for all species, with particular focus on the
most recent cohorts of Picea (the S1 trees have up to seven annual cohorts) from lower, mid and upper
canopy positions. Other branch samples were collected from Picea trees cut for sap flow calibration,
immediately put in coolers on ice and shipped overnight to ORNL to assess temperature response curves
(ranging from 8 to 43 °C) in growth chambers. Growth chamber observations of cut branches of Picea
revealed that the optimal temperature for net photosynthesis (A) was < 30 °C for the current-year (2011)
foliar cohort. A increased with temperature, peaking between 22 and 30 °C for individual samples, then
declined steeply by 30-35 °C, and approached A = 0 by 40 °C.

Species differences in light response were apparent. Net photosynthetic CO, assimilation (A) in shrub
and herbaceous species was 90% light-saturated at < 500 pmol m s PAR, whereas in the tree species
(Picea and Larix), A saturated at or above 1500 umol ms™ PAR. Responses of A to varying intercellular
[CO,] (Ci) were relatively consistent within species. The major difference across species was in CO,-
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saturated A, which varied from 13 to 20 pmol m™ s™. In mid-summer, mean light saturated A was ~6
umol m™ s for Picea (the dominant tree species) with no difference between canopy positions (upper,
mid or lower) or foliar cohorts (2008, 2009, 2010, 2011). This suggests that foliar display limited shade-
dependent reductions in A. Picea leaf mass per area increased with age, while leaf N concentration
declined with age from 0.85% to 0.65% N between 2011 and 2006 cohorts. There was little difference in
leaf N concentration with canopy position.

In FY 2012, an expanded field campaign will be conducted using thermal dissipation sensors to
assess seasonal patterns of water use in Picea and Larix species. Specific effort will be focused on
assessing the potential for seasonal water stress during drier periods as the water table depth declines.
Photosynthetic response to temperature will also be further explored on the tree and shrub species by
conducting measurements in situ and on detached branch material in the lab.

Hydrology and water chemistry — Depth-specific water samplers were installed in July 2011 to
measure hydrological response variables (water flowpaths, runoff dynamics, and chemistry). Water level
and chemistry data show when organic soils are saturated and allow measurement of chemical and
isotopic composition of those waters to provide baseline information prior to deployment of operational
chambers.

2.1.1f SPRUCE Publications, Presentations and Meetings

Task R1 has produced two new publications related to warming methods. Amthor et al. (2009)
provide commentary on the appropriateness of experimental warming methods for experiments designed
to inform future climatic changes, and Hanson et al. (2011) describe a new method for deep belowground
warming combined with air warming that allows ecosystems to experience the ‘correct’ bottom to top
temperature regime for an end-of-the-century climate. The enclosure being developed for application to
SPRUCE is a much larger version of this concept for application in the Minnesota peatland.

Colleen Iversen organized and hosted a workshop at ORNL on October 7-8, 2010 entitled
“Advancing minirhizotron use to examine ephemeral root dynamics in peatland and high C ecosystems”.
The workshop was funded by the New Phytologist Trust and the US DOE Office of Science. A
manuscript on this effort has been accepted (Iversen et al. in press). SPRUCE project participants have
also been contributing summary talks and posters at a variety of regional and national meetings to gather
feedback from interested persons and solicit the interest of collaborators with skills and interests that go

beyond that of the SPRUCE core group.

Table 2.1 Progress on Task R1 Deliverables (expressed in abbreviated form)

Date Deliverable Status
Oct 2009 Finalize the ORNL/USFS Interagency Agreement Completed
Nov 2009 Initiated National Environmental Policy Act (NEPA) Process Completed
May 2010 Establish and test operational aboveground 12-m prototype at ORNL Completed
Summer 2010 Evaluate pre-treatment bog species characteristics Completed
April 2010 NEPA Process Initiated October 2009, but was finally completed in June 2011 | Approval:
10 June 2011
Summer 2010/2011 | Collection of baseline understory plant data for the experimental locations on Completed
the S1 Bog
July 2010 to date Initiate continuous environmental monitoring on ambient plots Completed &
continuing
Oct 2010 Finish boardwalk experimental engineering plans and diagrams Completed
Jan 2011 Lease SPRUCE office and light laboratory space in Grand Rapids, MN Completed
Apr to Oct 2011 Collect pretreatment biological observations Completed &
Ongoing
Summer 2010/11 Conduct allometric evaluations for Picea, Larix and ericaceous shrubs Completed
Fall 2011 Install a full-scale belowground corral prototype Completed
Summer/Fall 2011 Initiate CH,/CO, flux measurements from the bog Completed
Spring Summer Notwithstanding NEPA delays that slowed down infrastructure installations, Underway
2012 site preparations including land clearing and road additions were completed in
November 2011, and other plans are falling into place.
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2.1.2 TASK R2 - WALKER BRANCH WATERSHED LONG-TERM MONITORING

Walker Branch Watershed (WBW) is a long-term forested watershed research site on the Oak Ridge
Reservation. Hydrological, biogeochemical, and ecological studies in WBW have made important
contributions to our understanding of effects of changes in atmospheric deposition and climate variability
and change in this region. Objectives of the WBW long-term observations have been to:

1. Quantify responses of an eastern upland oak forest ecosystem to inter-annual and long-term

variations in climate and atmospheric deposition of sulfur and N, and

2. Provide integrated, long-term data on climate, forest vegetation, soil chemistry, and hydrologic

and chemical fluxes at the catchment scale to support other focused research projects on the Oak
Ridge Reservation and elsewhere in the region.

A number of major deliverables associated with long-term observations of vegetation and hydrology
of WBW been produced since October 2009. Kardol et al. (2010) reported on the importance of species,
succession, and climate on forest composition and biomass accumulation using the long-term data set
(1967-2006) of tree diameter growth and survival. Over the period of study, forest communities
underwent successional change and substantially increased in biomass. Summer temperatures and drought
were found to affect biomass accumulation in some species, and Pinus echinata, the dominant species in
pine stands, decreased over time due to periodic outbreaks of pine bark beetle (Dendroctonus frontalis).
The results of this study indicated that the direct effects of climate variability on eastern hardwood forests
biomass accumulation and composition were small in comparison to changes resulting from natural
succession or insect outbreaks.

Progress on the long-term measurements of climate and catchment-scale hydrology, atmospheric
chemical deposition, and stream chemical outputs in Walker Branch Watershed is proceeding as planned.
The 40-year record of hydrology and 20-year record of weekly stream water chemistry has been analyzed,
and a manuscript summarizing these results is currently in revision at Biogeochemistry. Briefly, the
hydrologic record demonstrated that Walker Branch Watershed has experienced a 20% decline in
precipitation and a 34% decline in runoff over the past 20 years. The different flowpaths contributing to
stream flow and runoff have also changed through time, as reflected by changes in the concentrations of
geochemical solutes (Ca*?, Mg*?, and SO4?) in stream water. Inter-annual variation in stream water NO5
concentrations were driven by antecedent hydrologic conditions (e.g., multi-year droughts), suggesting
that climatic patterns can influence nitrate concentrations at shorter time scales in Walker Branch.
Overall, this research highlights how climate change may alter both hydrologic and biogeochemical
processes at a watershed scale, and emphasizes the necessity of long-term monitoring programs to
guantify these changes.

Table 2.2 Progress on Task R2 Deliverables (expressed in abbreviated form):

Date Deliverable Status

April 2009 & 2010 Annual hydrology, atmospheric deposition, stream chemistry, and input-output | Completed
budgets for calendar years 2009 and 2010

FY2010 Deliverable | Publication on the long-term trends in stream chemistry, input-output budgets Completed
and climatic variability.

Sep 2011 Publication on response of stream metabolism to climatic variability and In progress
projected changes based on a 6-year continuous record.

CLIMATE CHANGE FORCING TASKS

The TES SFA includes five tasks (F1-F5) related to climate change forcing. These tasks employ
models, experiments, and landscape C measurements to advance our understanding of terrestrial C cycle
processes. Task F1 provides an integrative analysis framework through modeling and model-data
integration. Tasks F2-F5 address key research priorities necessary to resolve process uncertainties. Task
F2 addresses environmental controls on resource allocation within ecosystems. Task F3 develops
alternative mechanisms and provides new data for decomposition dynamics. Task F4 introduces the
consequences of extreme environmental events into models. Task F5 resolves uncertainties in CO, fossil
fuel emissions that will improve our ability to analyze terrestrial CO, forcing on climate.
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2.1.3 TASK F1 - MECHANISTIC C CYCLE MODELING

This task focuses on the synthesis and integration of new experimental and observational knowledge
to inform and improve terrestrial land surface and biogeochemistry models, with a particular emphasis on
migration of knowledge into the Community Land Model (CLM) component of the Community Earth
System Model (CESM). This integration effort has two primary goals: first, to improve the predictive
skill of climate system models through improved fidelity of process representation in their land surface
biophysics and biogeochemistry components; and second, to generate and test new hypotheses which
address critical uncertainties in the terrestrial ecosystem components of climate system prediction.

This integration framework is designed and implemented to answer the research question: What are
the sign and magnitude of the global climate-C cycle forcing from land, and what are the process
contributions to that overall forcing across a range of spatial and temporal scales? We are pursuing
answers to this question through investigations at multiple spatial scales: site scale model-data integration
(Task F1a), regional and global land ecosystem modeling (Task F1b), and coupled Earth System
Modeling (Task F1c).

2.1.3a Task Fla: Improve ecosystem process models with site-level observations and experimental
data

Model Parameter Estimation — The Local Terrestrial Ecosystem Carbon (LoTEC) model has the
same temporal resolution as CLM but lacks additional components of a land-surface model beyond C
cycle dynamics, which makes it more efficient for use in optimization studies. Model-data fusion was
performed using LOoTEC for 10 sites with hourly data constraints of net ecosystem exchange (NEE) and
latent heat flux (LE) in order to optimize 20 model parameters. We employed a genetic algorithm (GA)
analysis to find the global optimum parameter set, and Markov Chain Monte Carlo (MCMC) analysis to
explore parameter uncertainty when desired. In the NACP site synthesis project
(http://nacp.ornl.gov/mast-dc/int_synth_site.shtml), LoTEC was consistently among the top performers
among 22 participating models in this exercise (Schwalm et al. 2010; Dietze et al., in review) which
demonstrates the utility of model-data fusion and suggests that errors or uncertainty in model parameters
are at least as important as differences in model structure. We also used LOTEC to demonstrate the utility
of different observation types and lengths to reduce uncertainty about key C cycle variables (Ricciuto et
al. 2011).

CLM requires about 50 times more processing time per model year than LOTEC, presenting a new set
of challenges for model-data fusion. MCMC, which requires on the order of 10° simulations, is
prohibitively expensive; however we have applied the GA method successfully on a computer cluster to
optimize with small numbers of parameters. Scaling up the model-data fusion algorithms in a way that is
consistent with the CESM framework is challenging from a computer science standpoint, and we are
currently collaborating with the National Center for Atmospheric Research (NCAR) and testing several
candidate code designs.

Direct estimation of model parameters from physiological/leaf scale measurements is a
complementary approach to whole ecosystem model-data optimization. For estimating parameters used
within the Farquhar-von Caemmerer-Berry (FvCB) model, we developed a new approach that overcomes
previous limitations and tested it with simulations, leaf gas exchange data, and chlorophyll fluorescence
measurements of multiple species at the Missouri Ozark AmeriFlux site (Gu et al. 2011). We expanded
this approach by developing and deploying LeafWeb, a SErvice-in-Exchange-for-Data-Sharing (SEEDS)
web tool. This web tool allows investigators with leaf gas exchange data to contribute to a global database
of biochemical, physiological, and biophysical properties of single leaves (Gu et al. 2011). This provides
new information in support studies of plant function and is valuable new information for developing
terrestrial C cycle model parameters.

Model Structural Enhancements — We used the methodology developed by Gu et al. (2003) and Gu et
al. (2009) combined with the global Fluxnet data set (http://www.fluxdata.org) to identify biotic and
abiotic controls on canopy photosynthetic phenology across biome and climate zones that can be used to
improve the representation of seasonal C uptake dynamics (Figure 10).
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CLM is currently integrated in the CESM, which has been designed and optimized to run global
simulations. We developed PTCLM (PointCLM), a special single-point version of CLM that can be run
quickly and efficiently, and is consistent with the version of CLM in CESM. This code was successfully
migrated to the main code trunk of CLM and was released to the wider community in June 2011. PTCLM
is a key technical component of the TES SFA, connecting experimental and site-level observations to the
global Earth system. Versions of PTCLM are being used to address science questions in the SPRUCE and
PiTS projects (see Sections 2.1.1 and 2.1.4, respectively). Additional details of these site-level modeling
activities appear in those sections of the document.

We applied PTCLM at 15 flux tower sites, in coordination with the NACP site-level synthesis
activity. Initial simulations showed significant bias in the model predictions of the diurnal cycle of
photosynthesis, and this was traced to the model representation of plant N uptake and allocation to new
growth, low-productivity bias at fire prone sites, and overestimation of photosynthesis at cold sites in the
fall and spring, when temperatures are at or below freezing. A description of the model improvements
from site-level investigations is currently in preparation, with a manuscript to be submitted in March
2012.
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2.1.3b Task F1b: Regional and Global Land Ecosystem Modeling

We developed and applied methods to compare the results from the Terrestrial Biosphere Models
(TBMs) collected as part of the North American Carbon Program (NACP) regional and continental
interim-synthesis activities (Huntzinger et al., accepted; http://nacp.ornl.gov/mast-
dc/int_synth_contreg.shtml). This project synthesizes and compares simulations of 19 TBMs, including
CLM, to assess current understanding of the terrestrial C cycle in North America. Significant
disagreement among the models is driven by a combination of factors. This disagreement highlights the
need for further analysis through the use of formal model runs and a detailed model simulation protocol in
order to isolate the influences of model formulation, structure, and assumptions on flux estimations. We
are involved with the NACP Multi-scale Terrestrial Model-data Intercomparison Project (MsTMIP) that
addresses these issues.

We carried out an inventory-based analysis of the North American C budget (Hayes et al., accepted).
The strongest sinks for atmospheric CO, were associated with agriculture in the Midwest region and with
areas of commercial forestry in the Northwest and Southeast US. The effect of the lateral transfer of
harvested forest and crop products was manifest as source areas in US states with high populations of
humans and/or livestock. An additional source was contributed by the tropical forest areas of Mexico,
which have been experiencing significant rates of land cover change in recent decades. The inventory-
based total NEE estimate of -327 TgC yr™* for North America is smaller than the mean estimate of the
forward models included here and much smaller that the mean of seven recent inversion analyses.
Progress in refining the continental scale NEE will come in part from better integration across the

26



approaches such that inventory data is used in calibration and validation of forward models, which will
provide the initial surface flux estimates for inversions analyses.

We compared monthly gross primary production (GPP) simulated by the latest half-degree resolution
CLM model simulations with satellite estimates of GPP from the MODIS GPP data set on a 10-yr period,
January 2000-December 2009 (Mao et al., submitted). For the long-term annual and seasonal means,
major GPP patterns are clearly demonstrated by both products, but there are systematic overestimates or
underestimates of GPP for CLM for some regions. Comparisons of the phase of the averaged seasonal
cycle show that CLM4 (Mao et al. 2012) has longer C absorption period than MODIS for most plant
functional types. We have also derived model-predicted values for the Normalized Difference Vegetation
Index (NDVI) for CLM, and compared to remote sensing observations from the MODIS instrument (Mao
etal., in press).

Despite the importance of phosphorus (P) as a limiting nutrient in terrestrial ecosystems, our
understanding of terrestrial P dynamics and ability to model P cycling are hampered by the lack of
consistent measurements of soil P. We developed a database of over 180 sites to investigate the
relationship between distributions of different forms of P and the stages of soil development (Yang and
Post, 2011). Our analysis of the database showed that organic P (Po) is decoupled from C and N in highly
weathered soils with larger variations of N:Po ratio and higher mean value of N:Po ratio, compared to
slightly weathered and intermediately weathered soils. We combined this database with several global
spatial databases (e.g. lithology, rock P content, soil orders) and insights on soil P processes to develop a
map of total soil P and the distribution among mineral bound, labile, organic, occluded, and secondary P
forms in soils globally (Yang et al., submitted). This global soil P map will be used in a CLM-CNP model
under development that includes P as a limiting element.

2.1.3c Task F1c: Coupled Earth System Modeling

We are able to estimate the effects of single forcing factors and the interactions among multiple
forcing factors through carefully constructed suites of CLM simulations. Global-scale simulations are
conducted using CLM forced by surface weather data sets (offline simulations), and also by using CLM
as a component of the fully coupled CESM. In 2011 we completed our first full set of offline simulations,
and are now using the results in a series of model-data investigations. As a first step, we investigated how
climate, rising atmospheric CO, concentration, increasing anthropogenic N deposition and land use
change influenced continental river flow over the period 1948-2004 using CLM coupled to RTM, a
global river routing scheme (Shi et al. 2011). Our simulations suggest that to better understand the trends
of river flow, it is not only necessary to take into account the climate, but also to consider atmospheric
CO,, C-N interactions, and land use change.

We have also performed a series of fully coupled climate-biogeochemistry simulations using CESM1,
following the simulation protocols established for contributions to the upcoming IPCC Fifth Assessment
Report. These simulations explore the influence of historical and potential future fossil fuel emissions,
anthropogenic N deposition, and land use and land cover change on the evolution of greenhouse gas
concentrations and associated climate change over the period 1850-2100. A manuscript describing these
results is in preparation for submission in April 2012. We will use these simulations as a baseline against
which to evaluate the influence of new process representations emerging from the TES SFA. Our
particular focus will be on quantifying the effects of new terrestrial ecosystem process representations on
global scale climate-ecosystem feedbacks.

Table 2.3 Progress on Task F1 Deliverables (expressed in abbreviated form):

Date | Deliverable | Status

Fla - Site

Oct 2009 Gap-filled input forcing data sets for conducting simulations at AmeriFlux Completed
and FLUXNET sites completed and archived with ORNL DAAC.

Mar 2010 Submit manuscript with tables of optimized model parameters and associated | Completed with
uncertainties in conjunction with types of constraining data for selected LoTEC,
AmeriFlux and FLUXNET sites. underway with

CLM
Sep 2010 Documentation of site-scale data assimilation framework for continual Completed
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updating and analysis.

Mar 2011

Quantify parameter uncertainty when considering various data streams and
constraints with eddy covariance data (CO,, H,0O, sensible heat) and biometric
data. Submit manuscript and archive model simulations with ORNL DAAC.

Completed

Sep 2011

Evaluation of CLM performance across NACP site-level synthesis flux tower
sites completed, submit manuscript and archive model simulations with
ORNL DAAC.

Completed

F1b — Regional

Oct 2009

Operational procedures to transfer information contained in observations and
understanding of terrestrial C processes at local scales into models applied at
regional and continental scales.

Completed

Mar 2010

Spatially uniform ecosystem initial conditions for use in future projections
with forward ecosystem models.

Completed

Sep 2010

High spatial resolution simulations of C, water and energy fluxes, and
associated modeled biomass and soil C stocks for North America and
globally.

Completed

Dec 2010

Submit manuscript comparing CLM model simulations to observation-based
measurements including Carbon Tracker and other inversion model estimates
of net terrestrial C exchange.

Completed

Mar 2011

Submit manuscript employing fingerprint analysis of factors influencing
historical C fluxes using ITCM and CLM-CN with MODIS based
observations.

Completed

Mar 2012

Implement standard procedure for archival of regional and global LoTEC and
CLM-CN simulations and model forcing data.

Underway

Flc — Coupled

Oct 2009

Operational capacity to carry out offline and coupled sequence of simulations
with CCSM.

Completed

Sep 2010

Submit manuscript describing the interactions among CO,, N deposition,
climate change, and land use disturbance and their individual and combined
influence on global-scale climate-C cycle feedbacks, using the existing
structure, process representations, and parameterizations of CLM-CN.

Completed

Mar 2012

Submit manuscript investigating the influence on regional and global scale
climate-C cycle feedbacks of new parameterizations emerging from site-level
data assimilation of eddy covariance observations.

Underway

Sep 2012

Submit manuscript investigating the influence on climate-C cycle feedbacks
of new parameterizations emerging from regional-scale data assimilation and
fingerprint analyses.

Underway

2.1.4 TASK F2 — PARTITIONING IN TREES AND SOIL (PITS)
The Partitioning in Trees and Soil (PiTS) task was established with the objective of improving the C

partitioning routines in existing ecosystem models by exploring mechanistic model representations of

partitioning tested against field observations and manipulations. The approach we are pursuing is to

employ relatively short-term field manipulations to reveal specific responses that can lead to
improvements in model representation of C partitioning processes. A key feature of this task is the close
interaction between modelers and empiricists in the planning of the manipulations and the analysis of
results. Our objective has been to measure how C partitioning and flux within plants and into soil varies
with short-term changes in gross primary production (GPP), and to use results to test and potentially
modify partitioning routines in ecosystem models. Three research sites were selected for this task (PiTS-
1, -2, -3), and projects are in various stages of completion. Fieldwork and data collection at PiTS-1 has
been completed and a manuscript describing results has been published (Warren et al. in press); fieldwork
at PiTS-2 and -3 will continue through FY12. Concurrent modeling activities utilizing data collected from
the field studies are ongoing.

The first of three research sites (PiTS-1 — shading in loblolly pine) was located on the University of
Tennessee Forest Resources Research and Education Center (FRREC) in Oak Ridge, TN. The FRREC
maintains a website highlighting the PiTS project (http://forestry.tennessee.edu/pitsresearch.htm). The
PiTS-1 trees were enclosed in a temporary plastic chamber and labeled with a pulse of **C-enriched CO,
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on September 1, 2010 over a 2-h period. Subsequently, trees were enclosed in shade cloth to produce light
shade (LS) and heavy shade (HS) treatments in order to alter GPP and the C balance of the canopy. The
impacts of shading on photosynthesis, plant water potential, sap flow, basal area growth, root growth, and
soil CO, efflux rate were assessed for each tree over a 3-week period. The progression of the *C label
was concurrently tracked from the atmosphere through foliage, phloem, roots, and surface soil CO,
efflux. The HS treatment significantly reduced C uptake, sap flow, stem growth and fine root standing
crop, and resulted in greater residual soil water content to 1 m depth. Although there were apparent
reductions in new C flux belowground, the heavy shade treatment did not noticeably reduce the
magnitude of belowground autotrophic and heterotrophic respiration based on surface soil CO, efflux rate
(CER), which was overwhelmingly driven by soil temperature and moisture. The **C label was
immediately detected in foliage on the day the label was applied (half-life = 0.5 d), progressed through
phloem by day 2 (half-life = 4.7 d), roots by day 2-4, and subsequently was evident as respiratory release
from soil, which peaked between days 3-6. The 5"°C of soil CO, efflux was strongly correlated with
phloem 8"C on the previous day, or two days earlier (Figure 11). We succeeded in reducing C uptake
with the shading treatment, which also reduced sap flow, stem growth, and resulted in enhanced root
mortality. We also succeeded in incorporating the **C label into the trees, which allowed us to track C
movement from the canopy to the bole to the roots, and finally to soil CO, efflux. A manuscript
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describing the results has been published online by Tree Physiology for an upcoming special issue on C
allocation. The data collected are currently being used to test a point version of the Community Land
Model (CLM-CN), a land surface biogeochemical model that incorporates autotrophic and heterotrophic
C-N interactions. The model will be parameterized to the existing pine stand based on measured or
estimated values of biomass pools, foliar physiology, soil characteristics, and site environmental
conditions. The model will then be modified by inclusion of a **C-partitioning module that will make use
of our labeling results. Solar radiation will be reduced in the model to simulate shade treatments
manipulations and resultant changes in soil moisture, sap flow, C uptake and growth will be validated
against our measured data, and provide feedback for assessment of structural performance of the model.
A second research site (PiTS-2 — sweetgum girdling) has been established that takes advantage of the
residual **C label in soils within previously CO,-enriched plots (ECO,) of the legacy ORNL FACE
experiment. The 5"°C signal will be used to facilitate measurement and modeling of the impact that
variation in belowground C partitioning has on decomposition of soil organic matter (SOM). Plant and
soil samples from ECO, plots confirm that the soil remains relatively **C depleted after canopy
fumigation with a depleted source of CO,, but new leaves (and therefore new plant inputs) have little
remaining **C signal from the FACE exposure. In July 2011 belowground C partitioning was manipulated
by girdling the stems within one half of each 25-m diameter, historical FACE plot (n =2 ECO, and 2
ambient CO, plots) and separating them by a plastic-lined trench backfilled with soil. Girdling physically
blocks phloem partitioning of new C into the root system, which enables us to (1) quantify the effect of
new C inputs from roots on nutrient cycling and SOM decomposition, and (2) quantify the size of
belowground C storage pools used for root production. Root production is being monitored with the
existing minirhizotron tubes (which have equilibrated with the surrounding soil over a period of 15 years),
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in-growth cores are used to assess the **C of newly produced roots, soil cores are extracted periodically to
assess the *C of roots and SOM, and nutrient availability is sampled with ion-exchange resins. Soil CO,
efflux is monitored manually or with an automated IRGA system, and the 13C0, label in soil efflux is
monitored in ECO, plots by Cavity Ring-Down Spectroscopy. We are also sampling the soil for microbial
community composition, and monitoring soil water content and site meteorological conditions. These
data will be used to inform belowground processes in a point version of CLM-CN that has already been
parameterized for the ORNL FACE site.

The final research site (PiTS-3 — dogwood shading) is currently being established at the FRREC in a
dogwood stand planted in 1996. This stand has previously supported various genetics and cultivation
studies by the University of Tennessee; the trees are mature (~ 5 m) and well spaced (3.7 m x 3.7 m). This
study improves upon PiTS-1 by physically isolating the belowground system using trenches, and spatially
isolating treatments by distance. In this study, we are interested in soil C turnover rates, storage, roots and

mycorrhizae. As such, we are heavily instrumenting this site, with minirhizotron tubes, soil respiration
chambers, soil moisture sensors and sap flow sensors. In addition, cylindrical mesh chambers (20 cm d x
40 cm h) that exclude hyphae or roots (with aperture of 0 or 61 pm, respectively), and controls were
installed near each tree to separate partitioning of new C among belowground components. We will
subsequently manipulate GPP by shading and monitor changes in C flux through the system using
seasonal *C labeling events. Plant C uptake, water use, growth and respiration will be quantified. The
fate of new C as plant biomass, litter, mycorrhizal transfer or respiratory release will be assessed and the
results used in a modeling framework.

Table 2.4 Progress on Task F2 Deliverables and Deliverables continuing through FY2013.

Date Deliverable Status
Mar 2010 Construct and instrument the first phase of the PiTS Facility Completed
Sep 2010 Conduct labeling event and field observations for PiTS-1 (loblolly shading). Completed
Jun 2011 Construct and instrument PiTS-2 (sweetgum girdling). Completed
Aug 2011 Complete data analysis and manuscript preparation for PiTS-1. Completed
Oct 2011 Initial simulations of PiTS-1 to add capability in CLM-CN to specify atmospheric | Completed
13C and radiation reduction routine. PiTS-1 manuscript submission.
June 2012 Submit data to CDIAC data archive for public release concurrent with publication | Planned
of paper.
Apr 2012 Construct and instrument PiTS-3 (dogwood shading). Planned
May 2012 Simulations of PiTS-1 site using CLM-CN completed using observed driver Planned
meteorology and **C data. Construct model framework for simulating girdling in
PiTS 2.
June 2012 Hire postdoctoral associate to lead partitioning modeling activities Ongoing
Dec 2012 Finalize data analysis and manuscript preparation for the PiTS field studies. Planned
Complete manuscript detailing CLM-CN modeling for PiTS 1. Complete PiTS 2
simulations and begin PiTS 3 simulations.
Sep 2013 Final manuscripts from all PiTS studies submitted for publication. Planned
Dec 2012 & 2013 | Submit data to CDIAC data archive for public release concurrent with publication | Planned
of paper.

With the completion of the PITS activities in FY2013 we plan to transition mechanistic process work
to another understudied area of potential model sensitivity — root functional dynamics in context of
environmental, physical and chemical conditions. Those plans are described below in Section 3.4.

2.1.5 TASK F3 — REPRESENTING SOIL C IN TERRESTRIAL C CYCLE MODELS

2.1.5a Task F3a: Characterizing organic C flux from litter sources to mineral-soil sinks—The
operation of a distributed enriched isotope study for eastern hardwood forests (EBIS-AmeriFlux)
Task F3a provides data on C flux from litter sources to mineral soil sinks for United States eastern
hardwood forests necessary for testing process hypotheses and judging efficacy of soil C cycling models.
We previously used *C-enriched material collected from local releases of radiocarbon resulting in whole-
ecosystem isotopic label near Oak Ridge, Tennessee to study fundamental terrestrial soil C cycle of
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upland forests (Trumbore et al. 2002; Hanson et al. 2005; Swanston et al. 2005; Gaudinski et al. 2009).
The original Enriched Background Isotope Study (EBIS-Oak Ridge) supported conclusions that intra- and
inter-annual soil C cycling in hardwood forest soils be characterized as a two-compartment system where
surface leaf-litter and belowground root turnover represent primary C sources for organic-layer and
mineral-soil C cycles, respectively. In 2004 and 2005, new atmospheric pulses of *CO, on the Oak Ridge
Reservation produced additional enriched plant material and the opportunity to deploy enriched materials
for soil C cycle studies along a climatic gradient of AmeriFlux hardwood sites (EBIS-AmeriFlux). EBIS-
AmeriFlux was implemented to evaluate soil C cycles over a wider range of climatic, edaphic, and
biological conditions.

In fall 2007, we established enriched litter manipulations at four AmeriFlux sites that span the
climatic extent of the eastern deciduous hardwood forests and are appropriate for testing our hypotheses
related to climatic controls on soil C cycling processes. Experimental changes in *C signatures from litter
additions were obvious in the surface horizons after 2 years of manipulation, but we have completed 4
applications of enriched litter) to provide us with the strongest possible signal for quantifying transfer
rates to the mineral soils.

As was the case in EBIS-Oak Ridge, litter C is easily transferred to the organic horizons. Litter to
mineral soil transport does take place (Froberg et al. 2009), but little C remains after an annual cycle due
to microbial consumption of the new labile C forms. Coarse texture soils at the University of Michigan
Biological Station (UMBS) appear to allow deeper transport and net retention of C than at the other sites.
Cold conditions enhance the accumulation of C within horizons, but extensive earthworm populations in
Missouri may disrupt this pattern. Humus to soil C transfer is not as obvious, but humus decomposes
more slowly than fresh leaf litter and our capacity to observe this transfer is limited by the lower level of
YC enrichment of this material.

McFarlane et al. (accepted) interpreted bulk and soil fraction C turnover times from the time-zero *“C
data in the context of changing atmospheric through time for all EBIS-AmeriFlux plots located across the
eastern United States. Total soil C stocks ranged from 55 £ 4 to 229 + 42 Mg C ha-1 and were lowest at
MI-Coarse and MO-0Z and highest at MI-Fine and NH-BF. Differences in climate only partly explained
differences in SOM *C and turnover times, which and were 75 to 260 yr for free-light fractions, 70 to 625
yr for occluded-light fractions, and 90 to 480 yr for dense fractions. The shortest turnover times were
observed at the warmest site, but the longest turnover times were found at the northeastern sites (NH-BF
and MA-HF), rather than the coldest sites (MI-Coarse and MI-Fine). It appears that localized soil factors
within eastern US temperate broadleaf forests may be at least as important in determining soil C stock and
turnover as climate.

New EBIS Publications from Oak Ridge Efforts — Using EBIS-Oak Ridge manipulation data Kramer
et al. (2010) demonstrated that forms of C leached from fresh forest leaf litterfall were not a detectable C
source for the underlying mineral soil microbes. Recent leaf-litter C was determined to have no
measurable effect on microbial respiration and biomarkers in the underlying mineral soil. After 4 years,
less than ~6% of the microbial C was estimated to be derived from the added 1 to 4 year old surface litter.
The results of this study provided quantitative evidence that root-derived C is the major (>60%) source of
C for microbes in temperate deciduous forest soils.

Data from the Enriched Background Isotope Study (EBIS) were also used to improve functional
mechanisms within the classic C cycling model — DayCent (Parton et al. 2010). EBIS field studies
quantified the fate and transport of uniquely enriched C isotopes in experimentally manipulated leaf
litterfall for soils of an upland oak forest of eastern Tennessee. The experiment revealed important
process not currently included in forest C cycle models. Major revisions to the DayCent model included
(1) adding a surface organic pool, (2) incorporating a detailed root growth model, and (3) the inclusion of
plant phenological growth patterns. The next-generation model is named ForCent. Comparisons of EBIS
data to ForCent model outputs demonstrated the utility of the enhanced model. Application of ForCent
improvements should enhance soil C cycle models for forests within land surface models may provide
better global C cycle projections.

Tipping et al. (in press) used the DyDOC model to simulate the soil C cycle of a deciduous forest at
the Oak Ridge Reservation using extensive data from the Enriched Background Isotope Study (EBIS),
The model was first fitted to hydrological data, then observed pools and fluxes of C and *C data were
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used to fit parameters describing metabolic transformations of soil organic matter (SOM) components and
the transport and sorption of dissolved organic matter (DOM). According to the parameterized model,
SOM turnover within the thin O-horizon rapidly produces DOM (46 gC m™ y™), which is predominantly
hydrophobic. This DOM is nearly all adsorbed in the A- and B-horizons, and while most is mineralized
relatively quickly, 11 gC m?y™ undergoes a “maturing” reaction, producing mineral-associated stable
SOM pools with mean residence times of 100-200 years. Only a small flux (~ 1 gC m? y™) of hydrophilic
DOM leaves the B-horizon. The SOM not associated with mineral matter is assumed to be derived from
root litter, and turns over quite quickly (mean residence time 20-30 years).

2.1.5b Task F3b: Modeling soil C turnover in eastern forests

Garten et al. (2011) reported on a study designed to compare the turnover time of labile soil C (C), in
relation to temperature and soil texture, in several forest ecosystems that are representative of large areas
of North America. Carbon and N (N) stocks, and C: N ratios, were measured in the forest floor, mineral
soil, and two mineral soil fractions (particulate and mineral-associated organic matter, POM and MOM,
respectively) at five AmeriFlux sites along a latitudinal gradient in the eastern United States. The five
sites were: University of Michigan Biological Station, MI; Harvard Forest, MA; University of Missouri’s
Baskett Wildlife Research and Education Area, MO; US Department of Energy’s Oak Ridge Reservation,
TN; US Forest Service’s Bartlett Experimental Forest, NH. Sampling at four sites was replicated over two
consecutive years.

With one exception, forest floor and mineral soil C stocks increased from warm, southern sites (with
fine-textured soils) to cool, northern sites (with more coarse-textured soils). The exception was a northern
site, with less than 10% silt-clay content, that had a soil organic C stock similar to the southern sites. A
two-compartment model was used to calculate the turnover time of labile soil organic C (MRTU) and the

annual transfer of labile C to stable C (k2) at each site. Moving from south to north, MRTU increased
from approximately 5 to 14 years. **C enrichment factors (&), that described the rate of change in §"°C
through the soil profile, were associated with soil C turnover times. Consistent with its role in
stabilization of soil organic C, silt-clay content was positively correlated (r=0.91; P <0.001) with
parameter k2. Mean annual temperature (MAT, °C) was related to latitudinal differences in the storage
and turnover of soil C, but soil texture superseded temperature when there was too little silt and clay to
stabilize labile soil C and protect it from decomposition. Each site had a relatively high proportion of
labile soil C (nearly 50% to a depth of 20 cm). Depending on unknown temperature sensitivities, large
labile pools of forest soil C are at risk of decomposition in a warming climate, and losses could be
disproportionately higher from coarse textured forest soils.

Table 2.5 Progress on Task F3 Deliverables (expressed in abbreviated form):

Date Deliverable Status

Oct 2009 Element and isotopic analysis of FY2009 data Completed

Nov/Dec 2010 2-year sampling of C pools for the Task F3a leaf and humus litter Completed
manipulations

Mar 2010 Post-sample processing of all field collected sample. Completed

Apr 2010 Manuscript: comparative soil C dynamics at five AmeriFlux study sites Completed/
including estimation of soil C turnover times. Accepted

Jun 2010 Bulk-"C analyses for all sites, plots, and soil pools. Completed

Jun 2010 Complete and summarize the a priori FORCENT (improved EBIS version Completed
of the Century model) simulations for all research sites included in Task F3a
to project leaf and humus migration and stocks through time.

Sep 2010 Manuscript: soil C cycling and vertical mixing by worms. Combined with

McFarlane et al.

Nov/Dec 2010 3-year sampling of C pools for the Task F3a leaf and humus litter Completed
manipulations.

Mar 2011 Complete post-sample processing of all field collected samples. Completed

Jun 2011 Complete bulk-""C analyses for all sites, plots, and soil pools. Completed

Dec 2011 Complete final sampling of all EBIS-AmeriFlux plots Completed

As accomplished Submit data to CDIAC data archive for public release concurrent with Ongoing
publication of paper.
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Field and laboratory activities associated with Task F3a will be completed in FY2012 and will only
require manuscript preparation and handling time in the next 3-year cycle. Task F3b is complete and
requires no further support.

2.1.6 TASK F4 — TERRESTRIAL IMPACTS AND FEEDBACKS OF CLIMATE VARIABILITY, EVENTS AND
DISTURBANCES

Task F4 focuses on climate variability and episodic events as related to ecosystem C and water
cycles, energy balance and vegetation dynamics. It has the view that the variances (climate variability)
and tails (extreme events) of the probability density functions of climate variables are as important as the
means for ecosystem responses to climate change. Its goal is to enable mechanistic representation of
impacts and feedbacks of a broad spectrum of climate conditions in Earth system diagnosis and
prediction. The original plan for Task F4 contained three subtasks: (a) strategic flux measurements at the
Missouri Ozark Flux (MOFLUX) site, (b) network synthesis and extreme event case studies, and ()
rapid, collaborative response to developing extreme events.

During the initial 3-year TES SFA performance period, Task F4 contributed 15 peer-reviewed papers
and 2 book chapters with 1 manuscript currently in review.

2.1.6a Task F4a.1: MOFLUX site operations

The MOFLUX data acquisition systems include EC instrumentation, meteorological and radiation
sensors, vertical profiles of CO,, H,O, temperature and humidity, soil respiration systems, and vertical
profiles of soil temperature and water content. These measurements are processed and quality-checked
daily with the MOFLUX Automated Daily Data Processing and Reporting System (MADDPRS). The
continuous data streams are complemented by scheduled measurements of leaf biochemistry and
physiology, predawn leaf water potential, litter collection/weighing, dendrometer band measurements,
and coarse woody debris collection/weighing. Two major unforeseen climate events and the ORNL cyber
attack have influenced activities.

During the winter of 2009-2010 freezing of accumulated water in one of the flux tower legs burst the
aluminum tube structure, suspending activities that required tower ascent until repair was completed by
early June. Subsequently, in winter tower leg bases are now heated with wrapped, thermostatically-
controlled heat tape covered with fiberglass insulation. In late July 2010, an unusually strong lightning
strike destroyed a sonic anemometer and some temperature and humidity probes. The impact of this
incident on flux data streams was minimized by the presence of a parallel EC system that was not affected
by the strike. A new boom-mounted EC flux system (Campbell Scientific CSAT sonic anemometer and
LI-COR LI-7200 closed path CO,/H,0 analyzer) was installed before the growing season of 2011. A new
ground station also was installed with soil moisture, temperature and heat flux instrumentation. After
parallel operation of the older and new EC flux systems for some time for comparison, the older system
will be moved to the ground station. The April 2011 ORNL cyber attack and new policies subsequently
taken by ORNL for cyber security disrupted MADDPRS, forcing manual data processing until
MADDPRS was restored in mid-June.

2.1.6b Task F4a.2 - MOFLUX Science

Interannual variability in MOFLUX C and water budgets — A comprehensive analysis on the
interannual variability and climate controls of MOFLUX forest ecosystem C and water budgets is now
under way. Preliminary results indicated that the MOFLUX forest ecosystem is a consistent C sink (Table
2.6). However, the interannual variability is large and mostly controlled by water availability. The mean
growing season predawn leaf water potential at the site is found to be an excellent predictor of annual C
budget and in particular, the summer C budget and the C and water budgets are closely coupled.

A word of caution, a new advance in the EC theory made at the MOFLUX site (See the next section)
indicates that previous flux measurements of trace gases and water vapor need to be re-processed by
nearly all flux sites to avoid substantial biases in estimated C and water budgets. At the MOFLUX site,
we have already completed the reprocessing of flux data obtained since its establishment in 2004 using
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the new theory. However, we have not had time to re-compute the annual budget numbers that we expect
will be quite different from those in Table 2.6.

Table 2.6 Preliminary estimates of annual NEE of CO, (negative uptake) and evapotranspiration at
MOFLUX.

Year 2005 2006 2007 2008 2009 2010 Mean
Annual NEE of

-541 -347 -462 -608 -603 -482 -507+40
CO, (g0)
Annual ET (mm) 699 654 586 735 713 801 698+30

Advances in the eddy covariance theory for flux measurements — At the MOFLUX site, we have
periodically reexamined the foundation of the EC theory, taking advantage of unique measurements
available at the site, to ensure the assumptions of the EC technique are valid and the obtained fluxes and
budgets of C and water are accurate. We have recently investigated the bias errors caused by applying the
steady-state theory of Webb, Pearman and Leuning (WPL 1980), theory that is widely used to calculate
the eddy fluxes of water vapor, CO, and other trace gases. This investigation led to several potentially
very significant advances in the eddy covariance theory and its application in flux measurements of trace
gases (Gu et al. 2012). We reformulated the eddy covariance concept to provide a general and internally
consistent theory for application to both open- and closed-path technologies. The conventional eddy
covariance theory was a special case of the reformulated theory. The reformulated theory suggests a new
direction for next generation of eddy covariance technologies that would employ N, or Ar gas as a tracer
to better resolve flux processes over target surfaces. The following specific recommendations were made
to the global flux community: 1) Flux sites should stop assuming no vertical flux of dry air and make
corrections due to this assumption, 2) Past data sets should be reprocessed and 3) an adequate system for
measuring vertical changes in storage must be an integral part of the eddy covariance instrumentation at
flux sites.

Canopy physiology and phenology studies — Canopy physiology and phenology studies are an integral
part of the MOFLUX research agenda. The integration of process-level physiology and landscape flux
measurements at a biome ecotone with diverse climate conditions (e.g. droughts of different intensities,
late season freezes) enables MOFLUX to inform large scale land surface models such as CLM
effectively. The measurements so far have yielded some of the most important ancillary data sets for
interpreting observed ecosystem-level fluxes and for applications in modeling and data assimilation. A/Ci
measurements at MOFLUX were crucial in the development of an improved methodology for estimating
fundamental photosynthetic parameters for C cycle models (Gu et al. 2011) and for the launch of the
automated leaf analysis website leafweb.ornl.gov. LeafWeb has been serving users from different
countries since 2010. Additionally, these leaf level measurements have allowed the estimation of
mesophyll conductance for multiple species at different depth of the canopy. A model of mesophyli
conductance has been developed. We are now evaluating the performance of the mesophyll conductance
model in FAPIS with the intention of transferring the mesophyll conductance model to CLM-CN once it
is tested.

In 2010, abundant growing season precipitation kept predawn leaf water potentials sufficiently high
that canopy function was not subjected to appreciable drought influence. Daily PAR flux averaged on a
weekly basis was quite variable, but did not show any directed trend toward decline until early
September. Leaf necrotic fraction increased gradually during growing season, before spiking upward in
September. Loss of leaf area to necrosis, especially late in the season, was greatest in the better-
illuminated, upper-crown position. Seasonal analysis of the light response of photosynthesis (Figure 12)
indicated peak efficiency in utilization of high light levels in early summer and declines thereafter.

These data support the existence of an early-summer peak in photosynthetic capacity as indicated by
Vemax @Nd Jmax data obtained concurrently (data not shown). Individual leaf images and WinFOLIA
imagery analysis illustrate the relationship between leaf necrosis and photosynthetic rate at high light.
Leaf photosynthetic capacity derived from analysis of A-Ci curves peaked in mid- to late-May and
declined gradually thereafter. By late August, Vmaxes and Jmaxs had declined to about 50% of peak levels.
CO, flux rates peaked in late May and early June, thereafter declining steadily through late September.
Based on parameter dynamics, it appeared that there was co-limitation of CO, flux rates by multiple
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sources. Observed reductions in CO, flux rates were most closely associated with declining
biochemically-based photosynthetic capacity through late August. Subsequently, steep declines in CO,
flux rates appeared to be strongly co-limited by leaf biochemistry, leaf necrosis associated with seasonal
senescence, declining photosynthetic energy supply and reduced LAL.

Apparent Light Use Efficiency by Month
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Figure 12. Response of net
photosynthesis to PAR at monthly
intervals during the 2010-growing
season. Data fitted by exponential
curve functions. Circled data points
illustrate the association of particular
net photosynthetic rates with level of
leaf necrosis as illustrated by scanned
leaves. Adjacent image emphasizes the
necrotic area as determined by win
Folia Pro software. Side leaves are
black oak; bottom leaflets are
shagbark hickory.

20

111

Net Photosynthetic Rate (umol m?s?)

1000 \500 2000 [NEN
PAR (umol m?2s?)

Color analysis of digital images taken repeatedly from the flux tower captured summer 2010
dominance of the chlorophyll-related green color of the canopy as well as a red burst, declining greenness
and increasing blue dominance as the canopy transitioned to a winter condition. This pattern was followed
by reverses in these parameters in spring 2011, as well as an additional red burst, most likely associated
with transient early accumulation of anthocyanins in developing shoots. As was expected, color analysis
revealed a closer correspondence between green color channel values and MODIS 250 m-scale NDVI
than EVI data, and a close relationship with LAI. Seasonal values of site-measured LAI appeared more
closely related to NDVI than EVI, at least in proportional changes through time.

Dark respiration (DR) measurements were made on leaves covered overnight in opague sleeves.
Overall rates of DR average range from 0-10 percent of peak rates of net photosynthesis. DR increased
across species in the order sugar maple<eastern red cedar<white oak<shagbark hickory<black oak. DR
peaked in mid season (mid-July), declining thereafter. The trends in DR were related to trends in leaf
temperature (not shown) through mid-season, but DR declined proportionally more from mid- to late-
season than did leaf temperature (not shown). DR tended to increase with height in the canopy, as would
be expected given the greater leaf mass per unit area in upper canopy leaves previous seen in MOFLUX
work (not shown). As expected, DR tended to increase with leaf temperature.

MOFLUX support to network synthesis and other independent research projects — The MOFLUX site
is strategically located in an ecologically important transitional zone between the central hardwood region
and the central grassland region of the US. Because of its strategic location, the diverse data sets collected
at the site have been used essentially in every major multi-site/regional synthesis efforts conducted by
researchers in the flux community and in the North American Carbon Program (NACP) in the last couple
of years. Since October 2009, we have actively contributed to at least eight multi-site/regional synthesis
efforts that have already resulted in peer-reviewed publications (see also the list of papers for Task F4).
These synthesis efforts covered a variety of topics, including continental-scale gross primary production
(Xiao et al. 2010), net ecosystem exchange of CO, (Xiao et al. 2011), model-data intercomparisons
(Schwalm et al. 2010), climate controls on net terrestrial C exchanges on global scales (Yi et al. 2010),
network-wide nighttime ecosystem respiration (van Gorsel et al. 2009), land surface albedo products
(Romaén et al. 2009) and their relationships to leaf N content (Hollinger et al. 2010), and effects of forests
on land surface temperature (Lee et al. 2011). Over the years, multiple research teams have conducted
complementary but separately funded studies at the MOFLUX site to take advantage of the facility and
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data sets we provide. Currently, three independent research projects are operating at the MOFLUX site: 1)
high-precision CO, concentration measurements led by Dr. Ken Davis from Pennsylvania State
University, 2) VOC measurements led by Dr. Alex Guenther of NCAR and Dr. Mark Potosnak of DePaul
University, and 3) soil moisture measurements by the project of Cosmic-ray Soil Moisture Observing
System (COSMOQOS, http://cosmos.hwr.arizona.edu. In addition, Dr. Andrew Richardson of Harvard
University has committed to mounting one of his Phenocam Webcams on the MOFLUX tower in the
immediate future.

Forest ecosystem water use efficiency — Growing-season droughts often occur at the MOFLUX site.
We have used drought events that have occurred at the site to study how environmental controls affect
ecosystem-scale water use efficiency (Yang et al. 2010). We found that in general, water use efficiency
scaled with atmospheric saturation deficit in a nonlinear way as predicted by the stomatal optimization
theory but was linearly related to soil water potential and diffuse radiation ratio. The variations in water
use efficiency were explained more by atmospheric saturation deficit than by soil water potential or
diffuse radiation ratio. The relationship between water use efficacy and any single controlling factor was
subject to influence of the others. For example, we observed an opposite response of water use efficiency
to soil water potential between low and high atmospheric saturation deficits, suggesting a breakdown of
stomatal optimality under severe environmental stresses and a shift from optimal stomatal regulation to
nonstomatal regulation at leaf scale.

2.1.6 Task F4b — Extreme event studies

JGR-Biogeosciences Special Section on Biogeosciences of Extreme Weather and Climate Events — A
critical uncertainty in terrestrial ecosystem feedbacks to climate change and Earth system modeling is our
poor understanding and low predictive ability of dramatic and often sudden shifts in sizes of and fluxes
between different C reservoirs of the Earth system. These shifts can be caused by extreme weather and
climate events such as droughts, heat waves, hurricanes, ice storms, unseasonable freezes and wind
storms and disturbance events such as fires and insect outbreaks. L. Gu, in collaboration with Altaf Arain
of McMaster University, guest-edited a special section in JGR-Biogeosciences on the topic of
Biogeosciences of Extreme Weather and Climate Events. The objective of the special section was to
review the latest knowledge on biospheric responses and feedbacks to extreme events and help improve
the sensitivity of physical, biological, societal, and ecological processes in the next generation of climate
and integrated assessment models. The special section covered extreme events ranging from ice storms to
droughts with spatial scales from local to regional and can be viewed in
http://www.agu.org/journals/jg/special_sections.shtml.

Sudden C shifts between pools and vegetation recovery after large-scale extreme events — A massive
2008 China ice storm was used as a case study to investigate how large-scale extreme events in temperate
regions affect terrestrial C cycles and vegetation recovery after extreme events. We provided guidance to
Chinese colleagues on ground-based surveys while conducting remote sensing-based assessments of the
ice storm damage on forests as well as post-storm vegetation recovery. The storm caused 20 million
hectares of forests (10% of national forest cover) to lose at least 10% standing volume, which was about
3% of national forest standing volume (Zhou et al. 2011a). In a bamboo forest investigated (Zhou et al.
2011b), it was estimated that 8.21 (£3.55) Mg C per hectare was shifted from living biomass to dead by
this single ice storm. Surprisingly, our remote sensing-based analysis (Sun et al. in review) indicated that
most of the impacted forests recovered within a year, a recovery that was surprisingly fast considering the
magnitude of destruction in forest structure. Ground surveys attributed this fast recovery to rapid
understory/epiphytic growth under the broken canopies and widespread resprouting of physically
damaged trees. We found that better pre-storm growth relative to normal years corresponded to longer
recovery time, possibly a consequence of increased biomass debris production that hindered understory
growth. Additionally, we found that more severely impacted forests recovered sooner. This unexpected
relationship had no natural causes that we could ascertain but most likely resulted from poorly planned
salvage logging preferentially targeting lightly to moderately impacted forests. These findings suggest
that forest photosynthetic recovery in the aftermath of large natural disturbances may be dominated by
species that normally contribute little to forest ecosystems and by life history strategies of trees that are
often neglected in the study of forest succession. Careful planning of human intervention is needed to
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minimize disruption to such delicate ecosystem processes. Land surface and ecosystem models such as

CLM will need to consider these processes for representing large natural disturbances.

Table 2.7 Progress on Task F4 Deliverables (expressed in abbreviated form). Deliverables have been revised
from the original plan in response to unforeseen climate events and serendipitous research findings.

Date Deliverable Status

2010 Fix tower leg damaged by ice (unforeseen event) Completed

2010 Submit flux and complementary biological data sets to AmeriFlux. Completed

2010 Complete analysis on soil respiration, paper submitted. Datasets harmonized.

Rescheduled due to
work on another paper

2010 Develop, test and implement a model of mesophyll conductance in Completed
FAPIS.

2010 Develop and test new eddy covariance theory, paper submitted Completed
(serendipitous findings)

2011 Submit 2010 fluxes and biological data to CDIAC Completed

2011 Install new enclosed path (Li-7200) EC system to replace an existing Completed
system damaged by lightning strike (unforeseen event)

2011 Overhaul the MOFLUX Automated Daily Data Processing and Completed
Reporting System (MADDPRS) in response to new cyber security
measures imposed by ORNL (unforeseen event)

2011 Reprocess 2004 - 2010 flux data according to the new theory Completed

2011 Methodologies for computing annual C and water budgets at MOFLUX | Completed

2011 A quantitative framework for analyzing forest photosynthetic recovery | Completed
after disturbance (newly added)

2011 Complete analysis on effects of contrasting drought regimes, FAPIS In progress
simulation of drought response

2011 Complete analysis on effects of frontal activities In progress

2.1.7 TASK F5 —FOSSIL EMISSIONS
Task F5 centers on estimating CO, emissions from fossil fuel consumption as well as estimating the
uncertainty associated with those estimates. Over the last two years, TES SFA funding has contributed to
creating emission inventories at monthly temporal resolution the scale of individual states at a global
scale for use in Task F1b analyses; examining the global and spatial distribution of emissions; and
calculating the evolution of global uncertainty of those emissions with time. Progress towards the original
deliverables is summarized in Table 2.8.

Table 2.8 Progress on Task F5 Deliverables (expressed in abbreviated form):

Date Deliverable Status

Sep 2010 Create preliminary emission inventories at the scale of states and months at a Completed
global scale for use in Task F1b analyses

Mar 2011 Complete an analysis of the global and spatial distribution, and the evolution of | Completed
global uncertainty with time

Oct 2011 Submit manuscript on state scale fossil fuel emissions and associated global In progress

uncertainty with time

The calculation of emission inventories has progressed beyond preliminary estimates to operational
processing of monthly data sets. Data are maintained by CDIAC and are made freely available to the
public (as well as SFA Task F1b analysis). The analysis of global and spatial distributions of emissions
has been applied to both annual and monthly data sets. Data are also maintained by CDIAC and are made
freely available to the public. The manuscript in Table 2.8 could have been completed by October 2011;
however, publication has been delayed as we continue to explore “best” methods to do these uncertainty
calculations. Preliminary uncertainty estimates have been prepared and discussed with the C cycle
emissions community. Workshops and publications (by us and others) have explored how to move
forward on this uncertainty issue. The diversity of opinions arises because of the complexity of the input
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data to the fossil fuel CO, emission estimates. Input data are inherently uncertain due to issues related to
dependent and independent data, missing and filled values, and expert judgment.

3. RESEARCH PLANS FOR FY2013, FY2014, AND FY2015

At this early stage in the TES SFA (2 years and 3 months of funded activity at the time this report was
compiled), the iterative process among experiments, observations and the terrestrial C cycle modeling
tasks has not yet dictated a new direction for the developing Task R1 SPRUCE study where research is
just beginning, or Task F1 on C cycle modeling where key improvements continue. Major investments
are underway to bring the SPRUCE experimental infrastructure to a fully operational state in FY2013.
Associated pretreatment characterization of the Minnesota peatland will continue simultaneously with
construction of experimental infrastructure. The pretreatment data and the experience that comes with its
collection will put the research group and our collaborators on a solid footing for evaluating organism and
ecosystem responses to the treatments when they are initiated. The existing CLM-CN terrestrial C cycle
model will continue to be modified to allow it to fully capture the C cycle dynamics of wetland and
peatland systems to allow fruitful interactions with SPRUCE, and to provide a solid generic framework
for the simulation of wetland ecosystems after CLM-CN improvements are transferred to global scale
modeling efforts.

The incorporation of robust C allocation mechanisms stemming from the results of Task F2 work will
also be a key focus of upcoming modeling-experiment dialogs (Task F1) as the PiTS process studies
come to fruition in FY2012. Fundamental uncertainties remain regarding the contribution of belowground
productivity to the fate and storage of C within upland and peatland soils, and a new Task F2b is
described below for the identification and characterization of root functions with respect to C exchange.
Water extraction and nutrient uptake and cycling are the key areas of uncertainty for which process level
studies are being proposed.

Process level studies focusing on mechanisms of soil C cycle transport to and accumulation rates
within mineral soils (F3a and F3b) are or will be completed in FY2012 and a similar level of investment
is being proposed for new emphasis on enzyme microbial decomposition dynamics for soil C (Task F3c
described below).

For MOFLUX Task F4a, efforts will be shifted to include detailed analysis of foliar mesophyll
controls on canopy GPP and to add a new focus on belowground production. New investments will be
made to collect collaborative landscape level flux data for the ombrotrophic S1 Bog ecosystem (Task
FA4c) in areas analogous to those occupied by the SPRUCE manipulations.

Task F5 on fossil emissions will stay-the-course and provide high quality input to global C cycle
analyses.

In the subsequent sections details are provide for new task whereas ongoing efforts are summarized
succinctly with justification and measurement details provided in the original 2009 plans.

3.1 TASK R1: SPRUCE FUTURE PLANS AND DELIVERABLES

The motivation for SPRUCE (outlined in our original SFA plans provided with this document;
http://tes-sfa.ornl.gov/node/17) is to develop quantitative information on ecosystem responses associated
with climate change as a prerequisite for the development of ecological forecasting tools for policy
makers to evaluate safe levels of greenhouse gases in the atmosphere. This objective complements the
DOE’s mandate to understand both the consequences of atmospheric and climatic change for important
ecosystems and the feedbacks between ecosystem response and climate through effects on C cycling
(DOE 2009).

The SPRUCE experiment provides a platform for testing mechanisms controlling vulnerability of
organisms and ecosystems to important climate change variables. This project addresses key science
guestions essential for informing higher-order models of vegetation change under projected future
climates:

1. How vulnerable are terrestrial ecosystems and their component organisms to atmospheric and
climatic change?
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2. Will novel species assemblages or loss of species that result from species-specific responses to
climatic and atmospheric change 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)?

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

4. Will full belowground warming release unexpected amounts of CO, and CH, from high-C-content
northern forests?

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

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

The SPRUCE project continues infrastructure development and pretreatment biological process
observations in FY2012 with an anticipated transition to full-time experimental treatment applications
spring 2013. The following deliverables outline major SPRUCE activities anticipated for the currently
year (FY2012; our 3™ year) and the next 3-year funding cycle. SPRUCE treatments are expected to be
operated and responses measured and interpreted over a full decade. Such a time period should allow time
for interannual variation effects on treatments to be observed and for long-term nutrient cycle alterations
to develop in response to the warming and CO, treatments.

Table 3.1 Future Task R1: SPRUCE Deliverables

Date | Deliverable | Status
FY2012 Deliverables

Nov 2011 Complete site preparations for bog access and electrical service supplies Completed
Mar/Apr 2012 Hire ORNL staff technologist to reside in Minnesota Underway
May 2012 Complete specifications for data service to experimental plots, (2) scope Underway

specifications for data systems for data acquisition, storage, and transfer to
ORNL, and (3) scope specification for site telecommunications.

May 2012 Complete engineering and drawings for field facilities including temporary Underway
office buildings, data system office space, storage, sample prep space,
telecommunications.

May 2012 Complete construction of field facilities including temporary office buildings, | Underway
data system office space, storage, sample prep space, telecommunications.

May 2012 Complete installation of boardwalks Planned

May 2012 Submit a manuscript describing the influence of N on Sphagnum growth and | Underway
photosynthesis at elevated temperature.

Apr to Oct 2012 Conduct pretreatment measurements and archiving of time-zero samples for Planned
the full range of disciplinary tasks at all defined experimental plots.

Jun 2012 Complete engineering and drawings for final aboveground warming Planned
chambers

Jul 2012 Complete the addition of electric, CO,, propane and data service to all Planned
experimental plots.

Sep 2012 Complete the addition of environmental and observational monitoring Planned
systems to all planned treatment plots.

Sep 2012 Begin testing of data acquisition system. Planned

Sep 2012 Submit manuscripts on full-scale warming prototype performance, and on Being prepared

seasonal CH,/CO, flux observations using new methods.

FY 2013 Deliverables

Oct 2012 Prepare pads for CO, tanks. Planned

Mar 2013 Produce manuscripts on baseline plant water relations and woody plant foliar | Planned
physiology for the S1 Bog.

Mar 2013 Data system fully operational. Planned

April/May 2013 Complete construction of all above- and belowground infrastructures, and Planned

initiate treatments.
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June 2013 Complete a manuscript on the influence of species and seasonal patterns on Planned
Sphagnum photosynthesis as a function of temperature, CO,, relative water
content, and PAR

2013 Conduct measurements for the full range of disciplinary SPRUCE tasks for Planned
all defined experimental plots employing any refined methods indicated by
pretreatment studies.

July 2013 Submit manuscript on fine-root production in relation to topography and tree | Planned
density
Sep 2013 Manuscript on seasonal and depth variation of microbial populations and Planned

activity in peat

FY 2014 Deliverables

2014 Conduct measurements for the full range of disciplinary SPRUCE tasks for Planned
all defined experimental plots.

Sep 2014 Manuscript describing temperature sensitivity experiments of peat microbial Planned
communities in laboratory mesocosms

Sep 2014 Manuscript describing initial physiological response to treatments for the Planned

major vegetation types (trees, shrubs, Sphagnum)_

FY2015 Deliverables

2015 Conduct measurements for the full range of disciplinary SPRUCE tasks for Planned
all defined experimental plots.
Sep 2015 Manuscript describing responses of microbial communities after first two Planned

years treatment

3.2 TASK R2: WALKER BRANCH FUTURE PLANS — A TRANSITION TO NEON

DOE-BER funded WBW research is being phased out. We are in a transition period over which the
WBW footprint on the Oak Ridge Reservation will be developed as core wild-land site in the planned
National Ecological Observatory Network (NEON) funded by the National Science Foundation.
Anticipated deliverables during this transition periods are provided below:

Table 3.2 Future Task R2 Deliverables (expressed in abbreviated form):

Date Deliverable Status

April 2012 Analysis for annual hydrology and stream chemistry for calendar year 2011 is | Planned
ongoing and will be completed by April 2012.

Summer 2012 Dual nutrient releases will be conducted again in the spring to Planned

characterize nutrient uptake during the period of high autochthonous
(i.e., algal) production.

Sep 2012 Papers on the seasonal nutrient pulses to characterize uptake kinetics, Planned
and stream litter decomposition
FY2013 Papers on dual N and phosphorus uptake in streams and a paper on the Planned

controls on stream metabolism (determined using a structural equation model)

3.3 MECHANISTIC C CYCLE MODELING — FUTURE DIRECTIONS

This task incorporates model-data integration and model development across multiple spatial and
temporal scales to identify process contributions to the global climate-C cycle forcing from terrestrial
ecosystems. Although the ultimate goal of this task is to determine the global C-cycle forcing, the most
comprehensive information about terrestrial processes exists over the much smaller scales of flux tower
and experimental footprints where detailed observations are possible. The key challenge is how to convey
information from local to global scales using a land surface model and how to estimate the uncertainties
that result from this upscaling. A consistent modeling framework across scales is essential, and with this
in mind we have adapted CLM-CN for multiscale model-data integration. In some cases outlined below,
it is beneficial to employ more parsimonious models initially for algorithm development and use the
resulting information to inform CLM-CN. Subtasks 3.3a, 3.3b, 3.3c and 3.3d outline future plans for
model development and validation across site, regional, and the fully-coupled global scales.
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3.3.1 Task Fla — Improve ecosystem process models with site-level observations and experimental
data

An opportunity exists to capture mechanistic understanding and process knowledge gained in
previous manipulative experiments within the current generation of land ecosystem process models.
Based on experience gained through preliminary efforts in this direction over the past two years, we will
use our new PTCLM framework to formalize a retrospective model-experiment synthesis, first bringing
new process knowledge into CLM, and then testing the influence of this new knowledge on predicted
climate-ecosystem feedbacks. We will leverage efforts already made in data set and modeling protocol
development, for example under the FACE model-data intercomparison workshops supported by NCEAS
and DOE-BER, and will make use of previous synthesis products that have not been applied to the global
scale models, such as the Throughfall Displacement Experiment model-data intercomparison, and
continuing use of the Enriched Background Isotope Study data set for model structural development and
parameterization. We will also undertake new model-data syntheses, for example an evaluation of CLM
using results from warming experiments.

In a similar vein, we have recently performed (with other DOE BER support) a literature synthesis of
C, N, and phosphorus content of microbial biomass and soil organic matter, and we will apply this new
data source to the development of an improved treatment of C:N:P stoichiometry in CLM. We will then
characterize the effects of this change in model behavior on global-scale climate-ecosystem feedbacks.
Specifically, we will continue our work with PTCLM to perform forward and inverse simulations at
FACE, EBIS, SPRUCE, PiTS and an additional 30-40 AmeriFlux and FLUXNET sites, including three
tundra and three tropical sites with the goal of model parameter optimization and uncertainty
guantification. We have leveraged the Climate Science for a Sustainable Energy Future (CSSEF) project
to develop a capability to perform large ensemble simulations of PTCLM efficiently in a high
performance computing (HPC) environment. We will apply this ensemble framework to perform
parameter sensitivity analyses at flux tower and experimental sites with about 1000 simulations per site.
We will use these sensitivity analyses to select the 20-30 most important parameters at each site to be
optimized.

We will continue to develop the parameter optimization framework. Through CSSEF we are also
collaborating with the Sandia National Laboratory UQ team to develop a CLM-CN emulator. The
emulator serves to interpolate model outputs at points for which the full model was not evaluated, and is
much faster than the full model. Parameter optimization technigques such as MCMC may then be
performed on the emulator with a minimal computational burden. Using this technique, we will produce
joint posterior parameter probability density functions with less than 10* full model evaluations per site,
which is computationally feasible. Unlike previous model-data fusion efforts, each CLM-CN ensemble
run in the site optimizations will include a full model spin-up and will account for the site-specific
disturbance histories. We expect this will constrain the long-term evolution of model C stocks and result
in more accurate predictions. In addition to the site-level parameter PDFs, we will also generate joint
PDFs for 12 CLM-CN plant functional types (PFTs) using at least two flux towers per PFT to be used in
regional and global scale modeling. Estimating the uncertainty accurately will require further
development of the cost function and assessment of observational uncertainties to account for spatial
autocorrelation and natural variability in model parameters across sites. We will then evaluate the number
of sites necessary to parameterize a PFT within an acceptable level of uncertainty.

Because of its speed and simplicity, the LoTEC model serves as an important test bed for
optimization techniques. With LoTEC, PFT-level optimizations using the GA (without the full PDFs)
have been already completed for temperate deciduous and coniferous ecosystems using 5 towers per PFT.
This analysis will be expanded to include grassland, crop, tundra, and tropical ecosystems using available
flux towers. We will use the approach outlined above to develop a LOTEC emulator and generate joint
PDFs for all PFTs. Because LOTEC is computationally fast, we will also use MCMC directly (without the
emulator) to estimate the joint PDFs. A comparison between the emulator approach and the direct
approach will allow us to estimate the additional uncertainty that results from using the emulator.

In addition to parameter optimization, further model structural development is necessary to accurately
represent ecosystems under observation or experiment. Further development of CLM-SPRUCE will
include the addition of wetland hydrology, additional plant functional types representing wetland
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vegetation and sphagnum maoss, and the ability of the model to simulate the proposed experimental
manipulations. We are currently integrating a prognostic methane model, developed by Bill Riley and
colleagues at LBNL (Riley et al. 2011), into our wetland-enabled version of CLM4, and we will exercise
this model against observations of methane flux made within the SPRUCE experimental enclosures when
the measurements are available. The methane model is responsive to hydrologic status, and so should
couple in a meaningful way with our current modifications to CLM4 to include hummock and hollow
wetland dynamics as observed at the SPRUCE S1 bog site. Similar model development is underway to
incorporate **C-labeling experiments that took place as parts of PiTS (Sections 2.1.4 and 3.4), EBIS
(Section 2.1.5a) and FACE (Norby and Zak 2011). We expect these improvements to be integrated into
CLM-CN for use at other observations sites, and eventually, regional and global simulations.

Table 3.3 Future Task Fla Deliverables

Date Deliverable Status

2012 Site-level emulator approach complete and documented. Ongoing

Submit manuscript on LOTEC PFT-level optimization.
Submit manuscript on FACE model-data intercomparison.

2013 - Complete development of CLM-PiTS and CLM-SPRUCE and integrate structural Planned

changes into main CLM-CN code.

- Submit manuscript detailing CLM-CN parameter sensitivity analysis for 20 tower
sites.

- Perform model-data comparison for PiTS experiments 1-3

2014 - Complete evaluation of CLM-CN at FACE, PiTS EBIS and other experiment sites Planned

using parameter optimization and comparison of multiple model structures
- Evaluate CLM-SPRUCE with initial SPRUCE treatment data including evaluation
of prognostic methane model against measurements..

2015 - Perform a full parameterization of all CLM-CN PFTs using the emulator-based Planned

method with all available flux tower and experimental data

3.3.2 Task F1b — Regional and Global Land Ecosystem Modeling

Our studies based on the NACP interim synthesis activities (Huntzinger et al. in press, Hayes et al. in
press) have highlighted the differences in multiple constraints on the continental-scale C budget
(inventory, forward and inverse modeling), and by comparing and evaluating their estimates key strengths
and weaknesses of each scaling approach have emerged. Although there are benefits in retaining
independence among approaches for estimating C fluxes, progress will be made by more formally
integrating them. Ultimately, confidence in our ability to understand and predict the role of the North
American C cycle in the global climate system will increase as the estimates from these different
approaches begin to more closely converge and are combined in more fully integrated modeling systems.

Through full C budget accounting approaches to regional / continental-scale modeling, we have found
some convergence toward an ‘answer’ for the contemporary North American C sink strength. However,
given that our studies highlight the 1) uncertainties in component fluxes, 2) mismatches in spatial
patterns, and 3) large spread in estimates across models, any convergence between the approaches would
not necessarily occur for the ‘right’ reasons. Rather, our work draws attention to those components of the
NA C budget that require more careful study through measurement and inventory methods. Regarding the
modeling approaches, our work strongly suggests the need to better understand the causes underlying the
large spread in estimates, most likely achieved through formal and controlled (i.e. common protocol)
model inter-comparison studies informed by benchmarking frameworks based on reliable measurements
and observational data sets.

TES SFA team members have recently been closely involved in participating in, as well as
organizing, the NACP MultiScale Synthesis and Terrestrial Model Intercomparison Project (MsTMIP).
The goal of MSTMIP is to provide feedback to the terrestrial biospheric modeling (TBM) community in
order to improve the diagnosis and attribution of C fluxes at regional and global scales. This project
builds upon current and past synthesis activities by developing an integrative framework to isolate,
interpret, and evaluate differences in how TBMs parameterize key physical and biological processes. As
part of the MSTMIP activity, we have outlined a set of formal model simulations at the regional and
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global scale. In addition to organizing a comprehensive driver data framework on atmospheric chemistry,
climate, and vegetation variables, we are leading the data and simulation protocol development for
including an analysis of the impacts of disturbance and land use change on C cycling at the global and
continental scales. TES SFA team members are contributing model results to this comparison activity
from CLM-CN (Thornton et al. 2007), LoTEC (Ricciuto et al. 2011) and TEM (Hayes et al. 2011). We
will continue to provide leadership on the analysis and synthesis of these model-data inter-comparison
activities with the goal of improving the representation of key mechanisms in land surface models that
will ultimately be coupled within Earth System Model frameworks that provide reliable projections of
future climate change.

Specifically, new global (0.5 x 0.5 degree) and North American (0.25 x 0.25 degree) simulations will
be performed for MsTMIP using both CLM-CN, LoTEC, and TEM including 4 forcing factor simulations
in which various factors (e.g. CO,, land use, N deposition) are turned on or off. A module will be
developed for LOTEC to allow for harvesting and PFT transition to follow the land use data set prescribed
by MsTMIP. We will also use the MsTMIP simulation and validation protocol to test CLM-CN with and
without structural improvements such as the new multi-layer litter model and the addition of a plant N
storage pool. We will also evaluate the default and optimized versions of both models, first for LOTEC
and then for CLM-CN using the framework developed for the Carbon Land Model Intercomparison
Project (C-LAMP) and, when they become available, products from the International Land Model
Benchmarking Project (ILAMB).

For eventual data assimilation at the regional scale, ensemble versions of LOTEC and CLM-CN are
being developed to allow multiple simultaneous regional and global simulations with varying parameters
or forcings. This will support assimilation of gridded data sets such as MODIS LAI and forest inventory
products. Current computational capabilities could support up to 200 simultaneous LoTEC simulations
(0.5 x 0.5 degree for North America, 1x1 degree global) with full model spin up taking 1-2 weeks of
walltime. Combined with the emulator approach developed in Task Fla, we expect to be able to estimate
joint posterior PDFs of 10-15 LoTEC parameters using both flux towers and gridded data sets as
constraints. Although our current computational resources do not yet support running a large ensemble of
CLM-CN simulations for regional model-data fusion, we expect to be able to run ensembles of up to 20
simulations with full spin up taking about 1 month of walltime. We will use this capability to evaluate
the regional and global sensitivity of CLM-CN to key parameters as determined in the site-level
parameter sensitivity analyses.

We will also test the ability of CLM-CNDV (CLM-CN with dynamic vegetation) to assimilate Paleo
data in support of the PaleoEcological Observatory Network (PalEON) for an 80x30 grid covering eastern
North America from the years 0-2000 A.D. Data sources include proxies for past vegetation composition
(fossil pollen), fire regime (sedimentary charcoal) and hydrological variability (lake levels and other
indicators). Meteorological driver data and Paleo data are being provided by the PalEON team.

Table 3.4 Future Task F1b Deliverables

Date Deliverable Status

2012 - Global LoTEC, TEM and CLM-CN MsTMIP simulations completed Underway

- Submit manuscript on LOTEC North American simulations evaluating sensitivity
of continental-scale flux to parameters

2013 - Document emulator approach for regional and global model-data assimilation Planned

- Perform LoTEC global simulations with assimilation of point and gridded
observations, estimate global C flux and uncertainty
- PalEON simulations and data assimilation framework complete

2014 - Complete CLM-CN global parameter sensitivity analysis Planned

- Document global data assimilation approach for CLM-CN and its integration
with high-end computing resources

2015 - Perform CLM-CN global simulations with assimilation of point and gridded Planned

observations
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3.3.3 Task F1c — Coupled Earth System Modeling

Our current results from single-forcing factor simulations demonstrate the importance of land use and

land cover change (LULCC) as a major anthropogenic driver of greenhouse gas exchange. The current
treatment of LULCC in CLM, while one of the more sophisticated among the global coupled models,
does not take full advantage of the detail in historical or future scenario driving data sets. The most
important deficiency in the current treatment is that is does not accommodate tracking of age classes,
either in the secondary vegetation categories established following disturbance of primary vegetation, or
in subsequent disturbances of secondary vegetation as occur for a rotational harvest management regime.
Other modeling studies indicate that these effects play an important role in quantifying the C source-sink
effects of LULCC (Shevliakova et al., 2009). We will evaluate the influence of age class distributions in
CLM using a multi-age class binning approach, with explicit tracking of sub-class area distributions. This
approach represents a compromise between accuracy and efficiency, since the potential number of age-
class cohorts can be very large and computationally expensive. We target completion of new code
structure by January 2013, with an evaluation of the influence on global climate-ecosystem feedbacks
submitted for publication by January 2014.

Large-scale calibration of global ecosystem models is hindered by the lack of extensive observations

at continental and global scales. Remote sensing techniques can provide long-term and large-scale
products suitable for ecosystem model and earth system model constraints at fine spatiotemporal scales
(Nemani et al. 2003; Running et al. 2004). We will focus on the systematic evaluation of CLM for C and
water fluxes and state variables using the latest global satellite-derived data sets. We will investigate and
update existing metrics of model performance using new remote sensing products (Randerson et al 2009).
Also, we will extend our methods onto the up-coming Coupled Model Intercomparison Project Phase 5
(CMIP5) models and Multi-scale Synthesis and Terrestrial Model Intercomparison Project (MsTMIP)
outputs.

Table 3.5 Future Task Flc Deliverables

Date

Deliverable Status

2012

Literature review on current evaluation metrics, satellite products, global offline Underway
ecosystem model outputs and earth system model simulations. Collect and re-map 30-
year of NDVI, fPAR and LAI (1981-2010); GOSAT Chlorophyll Fluorescence
(Frankenberg et al. 2011); The AMSR-E vegetation optical depth and soil moisture
(Rebel et al. 2011); the forest C stocks in tropical regions (Sassan et al. 2011); MODIS
GPP, NPP, fAPAR and ET (Zhao et al. 2010; Mu et al. 2011).

2013

Compare offline historical simulations of CLM4 with the standardized remotely sensed Planned
products at various spatial-temporal scales. Submission of related manuscripts.

2014

Evaluate transient simulations of fully coupled CMIP5 models and MsTMIP outputs Planned
against remotely sensed products at various spatial-temporal scales. Submission of
related manuscripts.

2015

Set up and submit a standard observation database, metrics and diagnostic package for Planned
biogeochemical model and earth system model evaluation at global and continental.

3.3.4 New Task F1d - Integrating land-surface model constraints with inverse modeling

TES SFA team members have started to engage with The NOAA CarbonTracker research team. The

terrestrial biosphere dynamics in CT is represented by the seasonal dynamics of the CASA model with
monthly net fluxes estimated then scaled by ecoregion, to best match the atmospheric CO, concentration
data sets. There is considerably more information about how terrestrial ecosystems constrain biosphere-
atmosphere C exchanges that can be used to improve both CT CO, reanalysis and terrestrial C models.
Increasing spatial and temporal resolution of atmospheric concentration measurements also provides
additional information to allow direct land-surface model parameter estimation. Working in collaboration
with CarbonTracker researchers, we will enhance the CarbonTracker framework with a more
comprehensive C cycle representation from CLM-CN. By incorporating CLM-CN we will extend the
powerful inversion modeling approach to determine whether or not the CLM-CN model simulations are
consistent with the greatly expanding and increasingly important atmospheric CO, concentration data. In
addition, this capability can be used to determine what land areas and gross fluxes are contributing to
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mismatches between model and atmospheric measurements that can lead to identification of model
deficiencies that impact the atmospheric CO, concentration. This will provide a prediction capability
currently absent in CarbonTracker and will serve as a test bed for science-based model development by
identifying which formulations are most consistent with the full suite of C cycle observations, including
site-level flux measurements, regional and global concentration observation networks, as well as future
satellite with column total CO, measurements, aircraft profiles, and FTIR networks at high spatial and
temporal resolution. The new regional, bi-directional (“top-down and bottom up”’) data-assimilation
capability will further create new synergies with other DOE programs, such as the coherent AmeriFlux
management network program, Next Generation Ecosystem Experiment (NGEE) initiative, and MSTMIP

activities.

Table 3.6 Future Task F1d Deliverables

Date Deliverable Status

Spring 2012 Community engagement and on-site training at NOAA Planned

FY2012 Develop capability, in collaboration with CT researchers, to run CT adapting the Underway
parallelization strategy to fully utilize high end computing at ORNL.

FY2013 Replace CASA with CLM-CN and/or LoTEC — develop capability to perform land- Planned
surface model parameter sensitivity and parameter optimization using the CT
methodology.

FY2014 Incorporate transport model to advect fluxes from offline land model simulations to Planned
investigate the effective seasonal cycle at GLOBALVIEW sites

FY2015 Incorporate additional CO, concentration data streams into the CT/land-surface Planned
framework including regular aircraft profiles, FTIR networks, and satellite CO,
measurements.

3.4 NEW TASK F2B — INTEGRATING ROOT FUNCTIONAL DYNAMICS INTO MODELS

Roots have high plasticity to changing environmental conditions thus exerting direct control on C
uptake and cycling (Sperry et al. 1998, Hodge 2004, Aroca et al. 2012). Root functionality is expressed at
various scales and is associated with both active and passive processes. Active processes include
membrane control of aquaporin water channels and new root production. Passive processes include
Michaelis-Menten enzyme kinetics related to nutrient uptake and loss of hydraulic conductivity due to
embolism. These expressions of root function have direct and indirect impacts on plant water use and C
uptake and partitioning to both short and long-lived pools (Hopmans and Bristow 2002, Bais et al. 2006,
Davies 2007, Hodge et al. 2009, Maurel et al. 2010). Roots can respond quickly (within minutes) to
changes such as a rainfall event through physiological mechanisms, or slowly (within days or weeks) to
changes such as localized nutrient depletion through root attrition and radial or axial growth elsewhere.

Modeling nutrient and water uptake by roots has progressed in recent decades (Feddes et al. 2001,
Hopmans and Bristow 2002, Feddes and Roats 2004, Simunek and Hopmans 2009), but most efforts have
been focused at the point scale, and not extended to plot, landscape or regional scales. Root functional
dynamics remain noticeably absent from the land component of global circulation models. The large-scale
Community Land Model with coupled C and N cycles (CLM-CN) currently has no ability to represent the
spatial or temporal resolution of root functional dynamics. Root function is relegated only to root
distribution through a two-parameter exponential decay function — there is no distinction within that
distribution of differential root functionality, although soil water potential controls do limit total plant
water use.

Objective for new SFA Focus - As a proposed future direction for research within this SFA, we intend
to improve representation of root functionality within CLM-CN through a stepwise program that will
assess current knowledge, test model sensitivity, and modify or develop novel routines or modules to
improve representation of root function as necessary. Model development work will be paired with an
empirical research program to provide targeted data for validation and parameterization of the new
elements within CLM-CN.

The characterization of root function with respect to C exchange, water extraction and nutrient uptake
and cycling is a key area of model uncertainty for which new experimental or process level studies should
be developed. We propose to conduct empirical studies that explore the dynamics of root function through
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linkages between root distribution (spatial location, temporal production), morphology (anatomy, size,
age, order, mycorrhizal associations), and physiology (water and nutrient uptake kinetics) through the
vertical soil profile. These studies are needed to parameterize novel model elements that will improve
mechanistic representation of root function. CLM-CN, the main model currently employed in the TES
SFA, does not have any explicit representation of root function based on distribution, morphology or
physiological dynamics that is responsive to changing environmental conditions. In CLM, mean root
distribution based on plant functional type, soil water potential and a plant-wilting factor do provide some
feedback controls to photosynthesis (Oleson et al. 2010). However, unlike real ecosystems, root
distribution in the model is static and root water potential is often uncoupled from soil water potential,
both of which lead to a dichotomy between model and mechanism. Ten soil layers in CLM-CN are used
for calculating thermal and hydrologic properties, but there are currently no depth-resolved C or nutrient
(e.9., N, P, K, Ca, Mg) root or soil pools. Nitrogen is considered the key limiting nutrient in the model,
and N uptake is calculated on a half-hourly time-step as a function of plant demand and soil mineral N
availability. However, there is no indirect or explicit mechanistic regulation of nutrient uptake based on
known root functional dynamics associated with root distribution, morphology, hydration, rhizosphere
interactions or mycorrhizal associations. Simulations at North American eddy flux sites indicate that
CLM-CN reproduces observed transpiration with relative accuracy, but it produces excessive N limitation
of gross primary productivity, so improvements in the representation of belowground processes are
clearly needed.

Ongoing model development efforts at other institutions (e.g., LBNL) are incorporating depth-
resolved soil C and N pools into CLM-CN. Corollary efforts at ORNL within this SFA (3.5 New Task
F3c) are focused on improving representation of soil organic matter turnover in CLM-CN, by novel
development of an enzyme-based C and N mechanistic cycling module. Such improvements will allow
for more realistic distributions of nutrient availability and C throughout the soil profile, linked specifically
to environmental conditions (i.e., temperature). A logical continuation of this development pathway will
be to improve fine root allocation schemes and resource extraction patterns so that roots can preferentially
expand into or utilize soil areas with greater nutrient or water availability. Roots in nutrient-rich soil
demonstrate increased hydraulic conductivity relative to similarly hydrated roots of the same plant in
nutrient-poor soil, illustrating the plasticity of root function to nutrient availability. An allocation scheme
that can address spatial or temporal functionality of roots could potentially reduce the known bias of
excessive N-limitation in CLM-CN. Expressing root functionality within the model will build upon the
explicit representation of fine-root distribution by requiring that nutrient uptake, water uptake, and root
turnover are dependent on soil physical and chemical conditions, which vary temporally, and spatially
through the soil profile. For relevance to CLM-CN, this new model structure would need to collapse the
3-dimensional (3D) spatial dynamics of root function into an integrated 1D or 2D spatial function built
from the appropriate set of independent controlling factors. It would have a number of new parameters,
and would require testing and validating with experimental data. The prior minirhizotron measurements
and °C labeling results from the PiTS and ORNL FACE experiments will be valuable in determining the
timescales related to fine-root allocation and turnover; a priori simulations at these sites indicate that
additional model development will be necessary to reproduce the observed data.

New laboratory and field experiments that focus on root functional dynamics under changing
environmental conditions are necessary to improve CLM-CN. The priority will be to isolate and quantify
specific key mechanistic processes that drive root production and root-rhizosphere exchange of water,
nutrients or C at short timescales. Novel techniques are available that might be employed to assess root
distribution, root stress and water and nutrient uptake dynamics including stable isotopes, ion-selective
electrodes, non-invasive imaging, sensor arrays, biosensors and micro-chambers (e.g., Pierret et al, 2005,
Kim et al. 2007, Oswald et al. 2008, VVargas and Allen 2008, Herron et al. 2010, Rewald et al. 2011).
These experiments will build upon the ORNL PiTS studies (2.1.4 Task F2a) that focused on C
partitioning belowground, by investigating how C investment in roots relates to resource extraction under
changing environmental conditions. The new research we propose will be built around the integrative
premises that soil resource extraction is (a) directly linked to dynamic root functional response to resource
availability and environmental conditions (soil characteristics, nutrition, water, temperature), and (b) is
linked to root morphology and distribution, which in turn is linked to C partitioning and cycling. We
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hypothesize that the inclusion of dynamic root functionality based on these underlying premises within
CLM-CN will improve model estimates of GPP due to enhanced sensitivity to spatial and temporal
resource availability.

We propose three integrated tasks:

Assess the current representation of roots in models that vary in spatial and temporal resolution - We
will consider: (a) mechanistic models that simulate water and nutrient transport within soil and uptake by
individual roots (i.e., based on the Richards equation or Michaelis-Menten kinetics); (b) mid-scale models
that include active and passive uptake balance (e.g., HYDRUS; Simunek et al. 1998, Simunek and
Hopmans 2009) or rhizosphere and xylem regulation of water flux through the soil-plant-atmosphere
continuum (e.g., Sperry et al. 1998); and (c) integrated land surface models that utilize macroscopic
dynamics of site resources, root distribution, and relevant environmental driving forces (e.g., CLM-CM,;
Thornton et al. 2007, 2009). CLM-CN is of particular interest to us due to its current importance in
broader global climate model simulations. Efforts will be focused on identifying aspects of root
distribution and function that could affect nutrient uptake and limitations within CLM-CN. We will
develop a comprehensive review manuscript on root nutrient and water uptake dynamics in context of C
cycling in models in which we consider:

a. How do models currently represent spatial and temporal variation in root functionality?

b. How does the current lack of detail regarding root function in macroscopic scale models

contribute to model uncertainty?

c. What mechanisms associated with root function are most likely to be useful in future model

improvement?

d. How is root morphology or distribution associated with uptake kinetics — what characteristics

can we use to assess functionality?

e. What spatial and temporal scales are relevant, useful for modeling, and amenable to study?

Conduct sensitivity analysis of CLM-CN - The sensitivity of CLM-CN to environmental conditions
that affect net root production and function — specifically, temperature, water and nutrient availability —
will be analyzed to determine how root presence, function and dynamics are linked to model behavior and
output.

Develop of a new root function module for CLM-CN - The module will resolve root nutrient uptake
dynamics temporally within the soil profile. This module will be developed and parameterized based on
published data and new experiments. Directed laboratory and field-based experiments will be used to
identify the necessary parameters and validate root functional response to environmental conditions.
Current physical (e.g., soil texture, soil water potential) and biological (e.g., leaf area, stomatal
conductance) components of the model have impacts on (and are impacted by) root function, such that an
integrative and comprehensive experimental program will be necessary to assess root functional
dynamics. Field-based studies in model terrestrial ecosystems will involve paired installation of
physiological and environmental monitoring equipment vertically within the soil profile to assess root
function (production, mortality, respiration, nutrient and water uptake) in context of experimentally
controlled environmental conditions. Targeted laboratory study of root function will be included as
necessary to further explore environmental thresholds for root nutrient or water uptake rate.

Table 3.7 Future Task F2b Deliverables

Date Deliverable Status

2014 Initiate literature review, sensitivity analysis, data compilation and assessment of | Planned

root functional representation in models in context of water and nutrient uptake
dynamics. Submission of high-impact review manuscript.

2015 Initiate root nutrient module development and paired experimental facility to Planned

validate the module.

2016 Continue field and laboratory experiments, test and refine root module and Planned

initiate specific follow-on experiments as warranted. Submission of manuscript
illustrating performance of root module for a point version of CLM-CN that
models the field experimental facility.
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3.5 NEW TASK F3C — MODELING OF MICROBIAL PROCESSING OF SOIL C

Justification — This research identifies and targets critical uncertainties in coupled climate and
terrestrial ecosystem processes and feedbacks, namely, microbial-mediated decomposition of soil organic
matter (SOM), sorption and desorption of depolymerized dissolved organic C (DOC), cycling in
measurable soil pools, and updating controls on biochemical recalcitrance. In accordance with the CCP
Science Plan and CCP Forcing SFA, we will advance the understanding and representation of terrestrial
ecosystem feedbacks by providing a fully functional, validated, enzyme-based C and N mechanistic
cycling model as an alternative formulation of SOM dynamics currently in the Community Land Model
(CLM-CN). Current models of SOC/SON decomposition dynamics, including CLM-CN, are based on the
use of conceptual pools described by first-order kinetics in which stabilization of soil C and N is solely
represented by transformation to increasingly recalcitrant pools (Figure 13a). However, recent studies
demonstrate that molecular structure alone does not control SOM stability, and that environmental and
biological factors moderate decomposition reactions and cause sensitivity of biochemical recalcitrance to
environmental conditions (Craine et al. 2010; Conant et al., 2011; Conen et al. 2006; Fang et al. 2006;
von Lutzow et al. 2006; Sollins et al. 2009; Schmidt et al. 2011). CLM-CN currently underestimates the
amount of soil C and has a mean residence time that is short compared to measurements based on *C,
lending considerable uncertainty to predicted soil C fluxes in a warmer world. Therefore to reduce the
existing uncertainty in climate predictions (Lawrence et al., 2009), we first need a better understanding of
how coupling of environmental and microbial processes leads to stabilization of different forms of C and
N as a function of temperature.

co, co,
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Figure 13. Carbon pools and fluxes in traditional soil pool models (a), and the new soil model (b). Circles
represent C pools and arrows represent C fluxes. The soil organic carbon (SOC) has 2 components -
particulate organic carbon (POC), and mineral associated organic carbon (MAQOC). (1) dissolved organic C
pool (DOC) uptake by microbes, (2) slow pool decomposition, (3) passive pool decomposition, (4) microbial
growth respiration, (5) microbial maintenance respiration, (6) desorption, (7) sorption, (8) microbial
turnover, (9) enzyme production rates (ENZ) and (10) enzyme activity rates. Also shown is C allocated to
exoenzymes that are responsible for the decomposition fluxes (2), (3).

The entire mechanism of microbial degradation — enzymatically-mediated depolymerization of
organic compounds — isn’t directly represented in global C and N cycle models (Schimel and Weintraub,
2003; Allison, 2006; Lawrence et al., 2009; Allison et al., 2010). Enzyme production and stabilization,
substrate uptake, and microbial growth efficiency, are each temperature-dependent processes that are
unrelated to biochemical structure (Allison et al., 2010; Conant et al., 2011), so integrating the
mechanisms of the microbial community into soil C and N cycling models is integral to predicting the
response of soil C to temperature perturbations (von Liitzow and Kégel-Knabner, 2009; Allison et al.,
2010). Further, changes in the microbial community over time and with variant substrate availability may
result in changes in decomposition rates as a function of time (Conant et al., 2011). In addition,
stabilization reactions with mineral surfaces can exert a greater influence on decomposability than
inherent biochemical stability, resulting in differences for different soil orders or environments (Kleber et
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al., 2007; Hayes et al., 2010; Haddix et al., 2011). Because adsorption and desorption are also
thermodynamic processes, they are also subject to changes with temperature, and it is proposed that
strongly-sorbing molecules will be more likely to desorb and become bioavailable with increased
temperature, and that weakly-adsorbing molecules may be more likely to adsorb and have decreased
bioavailability (Conant et al., 2011).

Previous incubation and field experiments measure multiple processes simultaneously, resulting in
uncertainty in the response of soil to environmental changes because of the confounding behavior of the
individual processes (Conant et al., 2011). It is therefore critical that future experiments separate and
identify the rates associated with each contributing process rather than the sum of bulk processes, and no
studies to date have accomplished this (Conant et al., 2011). The goal of our FY11-12 ORNL Laboratory
Directors Research and Development (LDRD) project “Incorporating Molecular-Scale Mechanisms
Stabilizing Soil Organic C into Terrestrial C Cycle Models” is to produce a mechanistic exoenzyme-based
model of SOM cycling in soils (Figure 13b). We consider the relationship between attachment and
stabilization for common OC compounds (lignin, lipid, sugars, starch) in isothermal batch sorption and
long-term incubation experiments, using soils from major soil orders in arctic, tropical, and temperate
climates. The turnover of the OC compounds as they cycle through measurable soil pools (DOC,
mineral-associated OC (MOC), aggregate-protected particulate OC (POC), and microbial biomass
(MBC)) is modeled through the mechanism of enzyme-facilitated microbial degradation (ENZ) based on
time-zero enzyme assays (Figure 13b). The model framework is developed and parameterized from an
extensive review of published data, and applied to measurements from our laboratory experiments. The
ultimate outcome is a validated enzymatic soil C model that is designed to link into widely used global
and-surface models used in climate change simulations.

Our LDRD experimental and modeling effort is an improvement over existing efforts in particular
because we measured SOC transformations in measurable rather than conceptual soil pools. Our
experiments separate the role of MOC versus POC (Figure 13b), we determine the role of mineral
protection (ad/desorption) represented by pathways 6 & 7 on the residence time, and in addition, in
experiments we apply different DOC substrates found in soils, e.g., lignin, starch, sugars, and lipids. We
measure enzyme activities (ENZ) of the soils as a function of temperature at time-zero to govern the
transformation rate of POC, MOC, and DOC into MBC (pathways 9 & 10 & 1). Finally, we measure the
transfer of added DOC into MBC (pathway 1) by combining growth and maintenance respiration
(pathways 4 & 5).

The LDRD represents an excellent first step towards separation and quantification of soil C cycling
processes, but LDRD is a pilot program. Consequently, improvements in both experiments and modeling
are still needed in order to provide the next generation, process-based soil C cycling model for
widespread public use. The model needs to be linked into CLM-CN, and tested at regional to global
scales. Further, temperature was investigated only through the measurement of activation energies at time
zero and was not directly manipulated in either the sorption or incubation experiments. Oxygen and
moisture content were not evaluated, and only surface soils were tested. Changes in the microbial
community and enzyme activities, as a function of time or substrate, were not evaluated. Finally, because
our substrates were added to soils as DOC, the microbial-mediated transformation of POC (pathway 2)
and MOC (pathway 3) were only measured at the endpoint, i.e., CO, mineralization through coupled
growth and maintenance respiration (pathways 4 & 5). As enzymatically-mediated depolymerization and
production of DOC is the major pathway of SOC mineralization, new experiments are needed to
specifically target and isolate these pathways.

Hypotheses

1. Under increasing temperature, strongly sorbing MOC-associated compounds such as lignin
derivatives and lipids will be more likely to desorb from the mineral surface due to shifting of the
sorption-desorption equilibrium towards reactants, and thereby become more bioavailable.

2. Under increasing temperature, recalcitrant compounds will be more likely to undergo microbial
degradation due to their higher activation energies. Depolymerization of SOC and production of
DOC is predicted to be the rate-limiting step in the decomposition reaction, but the mineralization
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rate will be influenced by edaphic variables in addition to the activation energies of the compounds,
e.g., degree of mineral or aggregate protection, and/or microbial community composition.

3. Microbial population structure, functionally and/or phylogenetically, varies as decomposition
progresses and these changes can be systematically related to depletion of available substrate, and to
changes in the temperature regime.

4. An exoenzyme-based soil C model can be deployed with sufficient detail to explain the regional- to
global-scales patterns in soil C distribution.

Sorption Experiments — This sub-task is designed to resolve Hypothesis 1, which predicts that with
increasing temperature, strongly sorbing compounds such as lignin derivatives and lipids will be more
likely to desorb from the mineral surface due to shifting of the sorption-desorption equilibrium towards
reactants, and thereby become more bioavailable. We will use a range of soils from surface and
subsurface locations from representative soil orders globally, including but not limited to the arctic
(Histosol, Gelisol), northern latitudes (Spodosol (SPRUCE soils), Inceptisol), temperate (Mollisol,
Alfisol, and Ultisol (EBIS-AmeriFlux and MOFLUX soils)), and tropical (Oxisol, Ultisol) soils. Because
sorption is expected to occur only with the MOC, i.e., the silt and clay fraction (< 53 pm), the soils will
be physically fractionated into POC and MOC to isolate MOC processes (Figure 13b). Common
substrates found in soils (sugars, amino acids, lipids, lignin, cellulose) will be labeled using **C and/or*C,
and N and adsorbed to both bulk soils and to the MOC fraction, in duplicate, and allowed to reach
equilibrium at a solid:solution ratio of 1:10 at a range of temperatures: 4, 15, 25, 35, and 45 °C.
Subsequently, the adsorbed solids will be subjected to three sequential desorption experiments to
determine the sensitivity of desorption to temperature (Figure 13b — pathways 6 & 7). The extent of
ad/desorption will be measured through liquid scintillation counting (LSC) of **C and/or through mass
spectrometry (MS) measurements of *C and **N in the supernatant solutions (Jagadamma et al., in prep).
Thus, temperature sensitivity of adsorption and desorption processes will be measured in MOC and bulk
soils, in a globally representative suite of soil orders.

Decomposition Experiments — These experiments will resolve Hypothesis 2, in which increases in
temperature result in more strongly sorbing compounds being more readily degraded due to their higher
activation energies and enhanced desorption. A replicate set of adsorption experiments from subtask 1, in
addition to a set of POC samples, will be incubated at field moisture capacity at temperatures ranging
from 4-45 °C, over 3 hours to 400 days. We will also impose moisture limitations (up to 50% reduction
from field moisture capacity) on a select set of samples. We expect to find that in the face of changing
temperature, moisture and microbial community, that biochemical recalcitrance will not always be the
primary control over decomposition. In the case of *“C labeled compounds, a base trap will be used to
collect the mineralized CO, for LSC analysis, while in the case of **C and *°N labeled substrate, gas
headspace samples will be analyzed directly through MS (Figure 13b — pathways 4 & 5 & 1). In both
cases, total mineralized CO, from SOC will be analyzed via titration or through gas chromatography (GC)
(Figure 13b — pathways 2 & 3 & 1).

As depolymerization of SOM is hypothesized to be the rate-limiting step (Figure 13b — pathways 2 &
3), DOC will be periodically (0, 30, 60, 200, 400 days) extracted from the bulk and POC and MOC
fractions of the soils. DOC will be analyzed via LSC or MS to determine the proportion of the original
labeled compounds present in the dissolved phase. Further, extracted DOC will be analyzed via **C-
Nuclear Magnetic Resonance (NMR) to determine its functional groups and the extent to which the DOC
is formed from the depolymerization of various SOM substrates from the SOM itself rather than the
labeled substrates.

To determine the sensitivity of different forms of SOM to temperature changes, changes in the
chemistry of soil organic matter (SOM) as a function of time (0, 30, 60, 200, 400 days) will be analyzed
using several complementary spectroscopic techniques including Diffuse Reflectance Fourier-transformed
infrared spectroscopy (FTIR) and NMR at ORNL and through competitive proposals to the
Environmental Molecular Sciences Laboratory at Pacific Northwest National Laboratory. This activity
will determine the extent to which the native SOM is degraded under a variety of temperature regimes.
Correlations with the production of DOC will help determine reaction pathways from POC/MOC through
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DOC (pathways 2 & 3) to determine the extent of bioavailability to MBC (pathway 1) of different
compounds under different conditions (Figure 13b).

Enzyme Activities and Community Composition — These measurements are designed to test
Hypothesis 3, in which microbial population structure (functionally and/or phylogenetically), varies as
decomposition progresses and to determine how these changes can be systematically related to depletion
of available substrate and to changes in temperature. Enzyme assays (Sinsabaugh et al., 1994) will be
primarily used to determine which enzymes are active and how that activity changes as a function of time,
substrate, and temperature. Changes in microbial biomass will be determined as a function of time on
initial soils and from small samples (< 100 mg) taken at multiple time points during the incubations (e.g.,
0, 30, 60, 200, 400 days). We will also incorporate nucleic acid measures where appropriate. For
example, quantitative PCR estimates of rRNA gene copy humber for overall bacteria, fungi and Archaea
will be used as a proxy for microbial biomass (Figure 13b — MBC pool) for regular sampling intervals
after initial scaling to chloroform fumigation extraction based methods (Castro et al., 2010; De Graaff et
al., 2010). Additionally, to better approximate activity (vs. abundance) of these groups, we will optimize
methods for co-extraction of RNA and DNA and the use of the ratio of rRNA transcripts / rRNA genes as
an index of the specific activity of these groups (Figure 13b —pathways 4 & 5). Similarly, where possible
we will incorporate the use of functional gene markers for processes involved in SOC decomposition (e.g.
laccase, cellobiohydrolase, phenol oxidase, etc.), both when particular substrates are added to the soils,
and when SOM itself forms the only substrate (Figure 13b — pathway 9). Select samples (e.g. initial soils
and endpoints) in the incubations will also be assessed for microbial population structure using (rRNA
gene) pyrosequencing for the same broad groups of organisms (bacteria, fungi and archaea) using
previously demonstrated methods (Gottel et al. 2011). Samples will be PCR amplified with barcoded
DNA primers and multiplexed for sequencing using the Roche/454 instrument available in the ORNL
Biosciences Division that can accommaodate up to 60 samples per run.

Carbon Cycle Modeling — Hypothesis 4 states that an exoenzyme-based soil C model can be deployed
with sufficient realism to explain the regional- to global-scales patterns in soil C distribution. The LDRD
model currently represents coupled sorption and degradation of dissolved organic C, soil order and
mineralogy, and enzymatic microbial degradation of SOM as a function of temperature (Wang et al.,
2012), (e.g., Figure 13b). In this new research, the model will use experiments from the three sub-tasks
above to account for temperature- and moisture-induced changes in ad/de-sorption, DOC production,
SOM chemistry, microbial community distribution and function. Through the LDRD program, the model
was designed as a stand-alone module within Matlab. Here, it will be re-coded into FORTRAN to replace
the current decomposition portion of CLM-CN. Multiple model experiments will be performed for the
purpose of determining the sensitivity of different model input parameters, including enzyme activity,
sorptive capacity, microbial biomass and activity, and degradation rates as a function of temperature,
enzyme concentration and soil type. The model will initially be tested using short- and long-term
incubation data and literature values. Later, parameters obtained from our experiments will be input into
the validated model and tested for their applicability to existing lab- and field-scale data sets (e.qg.,
SPRUCE, EBIS-AmeriFlux, MOFLUX, and other long-term experimental sites). In particular, we will
use the high temporal and spatial resolution available in the multiple TES field sites and accompanying
lab experiments to test our model. For the SPRUCE site, the model can be simplified by excluding
minerals (MOC) and including only the model components shown in the upper portion of Figure 13b
(POC). Finally, the model will be linked into CLM-CN and tested against regional and global scale data
sets.

Table 3.8 Task F3c Future Deliverables

Date Deliverable Status

FY2012 - Manuscript on parameter suitability and application of model to a long-term field August
experiment. 2012

FY2013 - Temperature dependence of the sorption of common soil substrates — experimental Planned

- Temperature dependence of the sorption of common soil substrates — modeling

FY2014 - Characterize the degradation of soil organic matter and fractions as a function of temperature | Planned

- Determine temperature sensitivity of substrate addition and organic matter decomposition
- Modeling the decomposition of soil organic matter as a function of temperature
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- Enzyme activities in multiple soil types as a function of substrate type
- Development of Q-PCR proxy techniques for quantifying microbial biomass

FY2015 - The formation of dissolved organic C from the decomposition of soil organic matter by Planned

microbial exoenzymes

- Changes in soil organic matter composition as a function of temperature, time, and substrate
addition

- Enzyme activities in multiple soil types as a function of temperature

- Development of DNA/RNA ratios of microbial enzyme activities

- Incorporating microbial community composition into soil organic matter models

- Validation of mechanistic modeling of microbial exoenzyme facilitated decomposition of
soil organic matter

- Functional mechanistic model of microbial exoenzyme facilitated decomposition of soil
organic matter linked with regional and global simulations of CLM-CN model

3.6 TASK F4 — TERRESTRIAL IMPACTS AND FEEDBACKS OF CLIMATE VARIABILITY, EVENTS AND
DISTURBANCES

The overall goal of Task F4 for FY2013 to FY2015 is to understand responses of ecosystem fluxes of
CO,, water vapor, sensible heat, methane, and isoprene to climate variability and to transfer such
understanding to large scale earth system modeling and projections. An integrated observational and
modeling approach that links fundamental processes with ecosystem fluxes has been proven effective to
Task F4 in the study of terrestrial impacts and feedbacks of climate variability, extreme events and
disturbances. We will continue this approach as we carry out revised plans. Sustained efforts at the
MOFLUX site will focus on canopy mesophyll conductance controls on GPP, and on the belowground
fraction of net primary production known to be highly uncertain (Curtis et al. 2002; Wayson et al. 2006).
Fine root dynamics will be monitored for the first time at the site and these measurements to allow better
understanding of net ecosystem exchanges measured by the EC technique and soil efflux measured by the
automated soil chambers.

Net ecosystem exchanges measured with the eddy covariance technique play a central role in our
approach. Data from MOFLUX were crucial to the recent reformulation of the eddy covariance theory
and the newly recommended operational practices (Gu et al. 2012). The continuation of MOFLUX will
allow our team to provide assistance to the science community as the recommended EC operational
practices are adopted. Continued operation of the MOFLUX site, strategically-located within the
geographically and ecologically distinct prairie-forest precipitation transition, also allows us to support
other researchers conduct independent research at the site. New research on isoprene emissions will be
initiated at MOFLUX for FY2013 to 2015 to take advantages of collaborative measurements conducted
by Dr. Alex Guenther of NCAR.

We also plan to establish a new eddy covariance observation station at the SPRUCE site in northern
Minnesota to support Task R1 science objectives. Co-located eddy covariance measurements will include
net ecosystem exchanges of CO,, methane, water vapor and sensible heat. The primary objective will be
to establish baseline net ecosystem exchange data for these variables for comparison to SPRUCE
manipulation data. Such data will produce temporally resolved measures for testing ecosystem models
with a specific focus on the development of an efficacious CLM-Wetland model. An associated empirical
objective is to quantify peatland CH, and CO, fluxes and the relationships between them respond to
climate variability at hourly to interannual time scales.

3.6.1 Task F4a — MOFLUX

MOFLUX observations provide data to inform land surface models on processes that strongly affect
landscape-scale fluxes but are not adequately represented in modeling structures. For FY2012 and
FY2013, we propose to focus this effort on mesophyll conductance, which has yet to be represented in
land surface models. Studies have showed that photosynthetic reduction caused by mesophyll diffusion
limitation can be up to 25% for crop species and up to 75% for wild plants (Warren 2008, Niinemets,
Flexas & Penuelas 2010). Measurements at MOFLUX site have demonstrated that the effect of mesophyll
conductance on leaf photosynthesis is comparable to that of stomatal conductance. We will first develop
an understanding of how mesophyll conductance affects land surface fluxes under different climate
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conditions with FAPIS. The mesophyll conductance parameterization is a simple function of leaf dry
mass per area and can be used readily in CLM. Once it is evaluated at MOFLUX, we will develop an
implementation recommendation for CLM.

Quantification of belowground biological processes is an area of opportunity that has not been fully
taken advantage of in MOFLUX data streams. Since 2004, eight soil respiration chambers have been
operating at MOFLUX. Due to diligent monitoring and maintenance by our technicians, there have been
no major gaps in soil efflux time series. However, the variability in observed soil CO, efflux has been
large and cannot be fully explained by soil temperature or moisture. Previous work has shown that root
respiration of recent photosynthate can contribute up to 65% of total soil CO, efflux (Eckblad and
Hogberg 2001), and that the magnitude and timing of root respiration is driven more by the availability of
photosynthate, and seasonal patterns of belowground carbon allocation, than soil temperature (Hégberg et
al. 2001). We hypothesize that new photosynthates and fine root growth are contributing to soil CO,
efflux at the MOFLUX site. Therefore, we plan to install minirhizotrons near soil chambers to image fine
root growth, which will help us to better understand the variation in ecosystem carbon fluxes.
Furthermore, the strong record of leaf phonological measurements at the MOFLUX site also gives us the
opportunity to examine temporal correlations between leaf and root phenology, which could help to
inform models projecting seasonal patterns of carbon uptake and allocation.

A new opportunity brought about by the collaborative measurements of isoprene emission
measurements at MOFLUX (Dr. Alex Guenther of NCAR) suggests adjustments in ongoing efforts of
Task F4a. Measurements conducted in 2011 showed that isoprene emission at MOFLUX is strongly
controlled by temperature and PAR. But compared with a more northerly site (UMBS — University of
Michigan Biological Station), MOFLUX isoprene emission showed more variation with temperature,
PAR and with time (Figure 14). Current earth system models need representation and parameterization of
isoprene emissions. Therefore, we will coordinate measurements and modeling with the NCAR team so
that variations in isoprene emission rates can be better understood. Measurements of leaf biochemistry
and physiology (A/Ci curves, chlorophyll fluorescence, leaf N content, specific leaf area, predawn leaf
water potential etc.) will be conducted during periods of intensive isoprene emission. Canopy temperature
will be inverted from outgoing longwave radiation to see if it can provide a better fit than air temperature
for observed isoprene emissions. An isoprene modeling capability will be added to the terrestrial
ecosystem Fluxes And Pools Integrated Simulator (FAPIS) to better integrate available data at MOFLUX.
The FAPIS — isoprene module is fully tested; it can be migrated to CLM.
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We will continue the MOFLUX EC measurements to quantify the variability, vulnerability, and
resilience of C uptake and water use. The focus will be on linkage with frontal activities, the timing and
intensity of precipitation events, the magnitude and duration of droughts, large temperature fluctuations,
and other episodic events. To maximize the advantage of large weather and climate variability and
ecotonal vegetation at the MOFLUX site, we will use the passage of cold, warm and occluded fronts,
precipitation events (which may or may not occur during a frontal passage) and phenological phases to
organize the research at MOFLUX. The phenological phases will be tracked with Dr. Andrew
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Richardson’s PhenoCam (multiple daily images X365). The passage of weather fronts is often
accompanied by sudden, dramatic changes in meteorological conditions within a period too short for
vegetation adaptation or structural changes to take place. Thus contrasting pre- and post-frontal C and
water processes can lead to better understanding of functional limits of ecosystems. Similarly, responses
to contrasting precipitation regimes (timing, frequency and intensity) may yield deep insights into
ecophysiological effects of presence and relief of water stress. With respect to phenological phases, they
are the most important biological regulators of surface fluxes and are sensitive to temperature fluctuations.
Using them to structure flux analyses is a logical way towards understanding the impacts of temperature
variability on C and water processes.

With the added measurements and modeling capabilities, we will be able to answer the following

guestions:

1. How do ecosystem CO,, water vapor and isoprene fluxes and leaf physiological properties of
species vary in accordance with the timing, frequency, and intensity of precipitation events, with
unseasonable temperature fluctuations, and with the phenological state of individual species and
the plant community as a whole?

What are the correlations between fluxes of CO, and isoprene?

3. Are there any signatures in ecosystem CO, and isoprene flux dynamics that characterize different
frontal activities?

4. How does the relationship between ecosystem fluxes and soil effluxes vary with the size and
duration of precipitation events? Can the contribution of new photosynthates and fine root growth
to soil effluxes be quantified?

5. Can a comprehensive ecosystem model reproduce the observed progressions between events? If
not, what improvements need to be made?

6. How do traits of individual species and ecosystem structure affect the resiliency of C uptake and
water use to extreme weather and climate events and what are the thresholds? How do droughts
and heat stress affect isoprene emission?

7. What is the long-term implication of the variability, resiliency, and thresholds in C uptake, water
use and isoprene emission for the central hardwood forest — central grassland ecotone in a
changing climate?

N

3.6.2 Task F4c — New SPRUCE Eddy Covariance Flux Observations

We plan to erect an aluminum scaffolding flux tower of 15m tall in the northern part of the S1 Bog,
away from the planned manipulative experimental units. The maximal tree heights in the bog are about 7
to 8m and thus a 15m tall tower should satisfy the eddy flux measurement requirements. The exact height
of the eddy covariance instrumentation will be determined with footprint analyses so that the influence
from the manipulative experimental units and the upland forests surrounding the S1 Bog on flux
measurements will be minimal under the prevailing wind direction from the west. The main eddy
covariance instruments (CSAT3 sonic anemometers, Li7500A CO,/H,0 open path analyzers and Li7700
CH, open path analyzers) have been purchased and the software needed to process data from these
sensors has been developed. A profile system that measures the vertical variations in the concentrations of
CO,, CH4 and H,O will be developed with a Picarro CRDS G2301 analyzer. The vertical variations in the
concentrations of these species will be used to determine their changes in storage in the canopy air space.
A profile system that measures the vertical changes in temperature and humidity will be also deployed.
Soil temperatures and moistures will be measured at different depths. The USFS has been already
monitoring the water table depth in the northern part of the S1-bog. We plan to install the tower in
January 2013 to take advantage of the frozen ground. Instrumentation of the flux tower will follow once
the tower is erected. The flux tower is planned to be fully operational by the end of May 2013.

Measured fluxes of CO,, water vapor, sensible heat, and methane will be used to test ecosystem
models at the SPRUCE site to identify potential deficiencies in these models so that they can provide
better guidance for future SPRUCE experiments and generalized for regional to global applications. Flux
data analyses will initially focus on the diurnal to seasonal variations in the fluxes of CO,, water vapor,
sensible heat, and methane and how such variations are related to variations in temperature, radiation,
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atmospheric vapor pressure deficit, wind speed and water table depth. As the length of the available
measurements grows, we will investigate the interannual variability of these fluxes and its implication for
ecosystem carbon storage or release at landscape scales. By the end of FY2015, we expect we will be able
to answer the following questions:

e What are the budgets of CO,, water and methane at daily, weekly, monthly time scales at this

peatland site?

o How are the methane budgets related to those of CO, and water at different time scales?

e What are the controlling processes for the net ecosystem exchanges of CO,, water and methane?
Costs for the CO,/CH4/H,O/temperature/humidity profile system are estimated to be $55K.

Dynamic analyses of disturbance impacts on terrestrial ecosystems

Disturbances have long been recognized as a fundamental force in shaping the structure, functioning
and evolution of terrestrial ecosystems. However progress in disturbance research has been hindered by
the lack of a proper model of disturbances and by the unavailability of quantitative methods to study them.
We have developed a conceptual model (Sun et al. 2012) that not only unifies large-scale natural
disturbances over their idiosyncrasies but also facilitates the development of quantitative methods that
have broad applicability in the study of the dynamic impact on terrestrial ecosystems. We have tested the
model on quantifying impacts of ice storms on forests. We plan to test the capability of the model on
guantifying the impact of fires and droughts. This work will be carried out in collaboration with Dr.
Robert Dickinson and his group at the University of Texas at Austin as the PhD project of a graduate
student (Ying Sun). L. Gu serves as a committee member for Ying Sun’s candidacy. This study represents
a step forward towards a general disturbance theory.

Table 3.9 Future Task F4 Deliverables

Date

Deliverable

Status

FY2012

Submit MOFLUX data sets to the AmeriFlux data center. Install 8 minirhizotron tubes at
the MOFLUX site

Ongoing &
Planned

FY2013

Install the SPRUCE EC system for CO,, CH,, water vapor and sensible heat in northern
Minnesota. Submit MOFLUX data sets to the AmeriFlux data center. Install
minirhizotron camera and start taking images. Complete and test the isoprene-modeling
module for FAPIS. Conduct initial observational and modeling analyses on the
correlation between CO, fluxes and isoprene emissions. Develop implementation
recommendation of mesophyll conductance modeling for CLM.

Planned

FY2014

Submit MOFLUX data sets to the AmeriFlux data center. Complete correlational
analyses between fine root growth and soil respiration. Complete an analysis on the
impact of temperature and PAR variation on CO, fluxes and isoprene emissions

Planned

FY2015

Submit MOFLUX data sets to the AmeriFlux data center. Complete a draft manuscript
on the relationship between fine root growth and soil respiration. Complete a draft
manuscript on the impact of temperature and PAR variability on CO, fluxes and isoprene
emissions

Planned

3.7 TASK F5 — FOSSIL EMISSIONS
Task F5 will continue to address a number of actions consistent with the original SFA deliverables
list. Specifically, Task F5 will
1. Create monthly emission inventories at the scale of states and months at a global scale — Due
annually.
2. Create annual and monthly distributions of emissions — Due Annually.
3. Explore and publish uncertainty estimates associated with annual emissions — October 2012.
Data from items 1 and 2 will be made freely available to the public by CDIAC. We also expect to
continue authoring peer-reviewed publications on these three items (the FY2011 SFA Annual Report lists
the 14 major publications produced in the first two years of SFA funding). For example, recently
submitted to the journal Biogeosciences is a synthesis on fossil fuel CO, emissions in support of the
Global Carbon Project/RECCAP initiative to examine the global C balance at regional levels (Andres et

al., 2012).
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Uncertainty analysis of these emissions is a growing area of emphasis globally. We expect to
continue our participation and leading role in uncertainty analysis of these emissions. Our current focus is
on determining uncertainty at the national level. This effort continues then with determining the
uncertainty associated with the sum of national totals to get a better understanding of uncertainty
associated with the global total of emissions.

Table 3.10 Future Task F5 Deliverables

Date Deliverable Status
FY2013 Publication on uncertainty estimates associated with emissions Oct 2012
FY2013-15 Monthly emission inventories at the scale of states and months at a global scale. Annual
FY2013-15 Generation of annual and monthly distributions of global emissions Annual

4. MANAGEMENT AND TEAM INTEGRATION

4.1 ORGANIZATIONAL STRUCTURE AND KEY PERSONNEL

The TES SFA includes a science and management team to guide and direct research activities.
Responsibility for the TES SFA resides within the Energy and Environmental Sciences Directorate at
ORNL and is aligned with associated and related activities of the Climate Change Science Institute
(CCSI) of the Oak Ridge National Laboratory. The organization chart for the TES SFA is presented in
Figure 15.

Terrestrial Ecosystem Science
Climate Change Science Focus Area

Project Coordinators Technical Project Manager
Paul |. Hanson - Peter E. Thornton Kathy A. Huczko

[ 1

Climate Change Response Tasks Climate Change Forcing Tasks
Paul . Hanson Peter E. Thornton

Figure 15. Organizational chart for
the TES SFA effective December 2011.

SPRUCE Experiment Terrestrial Carbon Cycle Modeling

Paul J. Hanson et al. Peter E. Thornton & W. Mac Post
Walker Branch Long-term Observations Landscape Flux Dynamics
Natalie Griffiths Lianhong Gu etal.
Soil Carbon Studies (incl. EBIS)
Paul |. Hanson and Melanie Mayes
(PITS)-Allocation Study
Data Management Jefffery Warren et al.
Leslie A. Hook — n

Carbon Emissions Inventory
Robert |. Andres

Dr. Paul J. Hanson is the lead manager for the TES SFA and the Technical Coordinator for Climate
Change Response Tasks. Dr. Peter E. Thornton is the other Technical Coordinator responsible for
oversight of the Climate Change Forcing Tasks. Drs. Hanson and Thornton are supported by Kathy A.
Huczko who brings expertise and technical skills in ORNL procedures, purchasing, contracts and
engineering to the SFA. Individual Task leads (Figure 15) take responsibility for their respective
initiatives in the TES SFA. Additional task-specific authority is also vested in other staff within the large
SPRUCE experimental initiative.

The TES SFA project coordinators and research task leaders together with representative members
from ORNL’s CCSI (Jim Hack and Gary Jacobs), and a cross-SFA Data Systems Manager (e.g., Thomas
Boden; CDIAC) form the TES SFA Leadership Team. The CCP Leadership Team will advise on the
yearly SFA plans and budgets, monitors progress, adjusts project plans as appropriate, directs informatics
development efforts, and resolves issues in a timely manner. The TES SFA benefits from advice of an
established CCSI Science Advisory Panel (CCSI SAP), and has established a specific SPRUCE SAP for
providing advice on our flagship experimental effort. These advisory panels are periodically solicited for
their perspectives on research plans and deliverables.
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4.2 PROJECT PLANNING AND EXECUTION

Monthly dashboard reports are produced for the CCSI and periodic teleconferences are held between
the TES SFA Coordinators and DOE BER. Technical Coordinators and Task Leads meet at least monthly
with their respective teams and staff to evaluate program integration and to ensure that research tasks are
progressing and are being performed appropriately.

4.3 DATA SYSTEMS AND INFORMATICS

Data systems and informatics are not a separate task, but an integral part of the overall TES SFA
concept. The open sharing of all data and results from SFA research and modeling tasks among
researchers, the broader scientific community, and the public is critical to advancing the mission of
DOE’s Program of Terrestrial Ecosystem Science. TES SFA researchers are identifying and deploying the
data management systems and integration capabilities needed for the collection, storage, processing,
archiving, access, discovery, delivery, and assimilation of available measurements, synthetic analysis
results, model forcing and boundary condition data sets, and model outputs. Such capabilities facilitate
model-data integration and provide accessibility to model output and benchmark data for analysis,
visualization, and synthesis activities. Data systems and informatics enable the SFA vision of
transforming the science of climate and atmospheric change and significantly improving global change
prediction. A strong capability in this area facilitates delivery of SFA products to sponsors, the scientific
community, and the public. Task specific web sites and web-based tools provide for such interactions.

The Carbon Dioxide Information Analysis Center (CDIAC) at ORNL will be the destination for these
archive products (http://cdiac.ornl.gov). CDIAC provides long-term system stability, archive longevity,
and reliable public data access.

4.4 COLLABORATIVE RESEARCH ACTIVITIES

A variety of collaborations are being fostered to provide necessary expertise or effort in areas critical
to the completion of research tasks. In support of the SPRUCE experiment we have engaged a variety of
modelers from Lund University, the University of Alberta, and the University of Sydney to produce a
priori model results to help direct the application of treatments and the choice of measurements. We have
completed an interaction with Rutgers University scientists to apply their expertise in ground-penetrating
radar for the characterization of the SPRUCE experimental space, and we have established discipline-
specific interactions with Dr. Merritt Turetsky (University of Guelph) in the study of the complex
Sphagnum layer of the SPRUCE peatland biome. We will also be working closely with Dr. Joel Kostka
and colleagues on a recently funded DOE BER study of microbial ecology within SPRUCE that will
extend our capabilities.

We have established collaboration with Prof. Steven Running, University of Montana to maintain the
strong connections that exist between the CLM and Biome-BGC models. The purpose of this effort is to
coordinate a highly sophisticated though expensive model (CLM) with a highly efficient though less
sophisticated model (Biome-BGC) that share construction and process representations. This allows for the
evaluation of the influence of model structure and complexity on prediction uncertainty and parameter
optimization.

A collaborative agreement with Richard Evans, retired director of the University of Tennessee Forest
Resources Research and Education Center, and Kevin Hoyt, current director, has been important for
providing access to research sites for PiTS experiments (Task F2) and assistance with infrastructure
development. Also, external collaborators Douglas Lynch and Miquel Gonzalez-Meler (University of
Illinois at Chicago) and Sarah O’Brien and Dionysios Antonopoulos (Argonne National Laboratory) are
examining root metabolism and microbial community structure, respectively, in the PiTS girdling
experiment at the historical ORNL FACE site.

Subcontracted collaborations for which DOE BER funds were or will be provided through ORNL are
detailed further in a description of budget details. We also continue to encourage key external groups to
develop complementary research tasks for the benefit of TES SFA research tasks. A number of such
proposals are currently being evaluated for funding by DOE BER.

57


http://cdiac.ornl.gov/

5. PERSONNEL

ORNL is uniquely positioned to deliver the science required to support the vision of the TES SFA.
The original team established in 2009 has undergone several staff changes resulting from retirements, but
has been supplemented by new developing staff in both the modeling and experimental areas. The TES
SFA is supported by more than 31 dedicated scientific and technical staff with an established record of
research, publication and leadership in climate change research. We have established a relationship with
research partners at other National Laboratories and faculty and students at universities across the country
and around the world. We have brought together exceptional multidisciplinary expertise, and are retaining
and building staff flexibility to support new research priorities as they are identified.

e Dr. Paul J. Hanson will be the lead for the Climate Change Response tasks. With 25 years of
experience as a plant physiologist and environmental ecologist, he operated and managed the
long-term (14-year) Throughfall Displacement Experiment on the Oak Ridge Reservation. He
currently manages the 35-member Ecosystem Studies Group of the Environmental Sciences
Division at ORNL, is a Subject Editor for Global Change Biology, coordinates the multi-lab
Enriched Background Isotope Study, and is currently coordinating the SPRUCE study. Dr.
Hanson will have overall responsibility for the SPRUCE experiment and for communicating
directly with each technical task leader for a variety of functional and measurement tasks
associated with that study.

o Dr. Peter E. Thornton will be the lead for the Climate Change Forcing tasks. He is a key
developer of the land-surface component of the Community Climate System Model (CCSM). His
recent publications emphasize the importance of N limitations on the terrestrial C cycle and
climate C cycle feedbacks. He will have overall responsibility for the SFA and for
communicating directly with Technical Leaders for a variety of tasks associated with the SFA.
The Forcing SFA will include scientific staff and post-doctoral associates with the expertise
needed to support the five SFA tasks. External collaborators at universities and other National
Laboratories will participate under subcontract as appropriate to goals of the SFA’s manipulative
experiment.

o Kathy A. Huczko serves as a Technical Project Manager for the TES SFA. She brings expertise
and technical skills in ORNL procedures, purchasing, contracts, project management and
engineering to the SFA.

o Dr. Les A. Hook serves as the Data Management Coordinator for the TES SFA. He brings
expertise and technical skills for data policy, management, and archive planning and
implementation. He will work with Task leads to ensure the timely archiving and sharing of SFA
data products. Along with web site developer, Ranjeet Devarakonda, will develop and maintain
Task specific web sites with project information, resources, and public data access.

Individual Task leads take responsibility for their respective continuing or future initiatives in the

TES SFA as follows:

Task Flabcd — C cycle modeling activities will involve Mac Post, Daniel Hayes, Daniel Ricciuto,
Dali Wang, Anthony King, Robert Andres, and Peter Thornton who with national reputations in
C cycle processes and emission inventories will lead activities related to the integration of
experimental results, observations, and modeling to improve understanding and simulation of
coupled C-climate feedbacks.

Task F2ab — Jeff Warren, Colleen lversen, Rich Norby with 30 years of research experience in tree
physiology and global change biology are leading Task F2 and a team of scientists to develop
dynamic allocation representations for global models and applications. Anthony Walker will start
as a postdoctoral associate in June 2012 to lead PiTS modeling activities.

Task F3c — Melanie Mayes will provide key expertise in soil C stabilization through mineral
interactions, and along with Chris Schadt (microbial ecology) and Mac Post (modeling) will lead
efforts to develop the next generation of mechanistic soil C model for CLM-CN that includes
critical factors such as microbial community composition, exoenzyme-facilitated
depolymerization, and mineral stabilization.
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Task F4abc — Lianhong Gu leads activities in landscape flux of greenhouse gases associated with
climate extremes utilizing eddy covariance data and associated experiments.

Task F5 — Robert Andres is responsible for the Emissions task focusing on uncertainty analyses to
enhance our understanding of fossil fuel emissions for model and synthesis activities from an
integrative perspective.

Task R1 SPRUCE Personnel

Experimental design, maintenance and environmental documentation — Paul Hanson will lead
this effort in conjunction with the Randall Kolka of the USDA Forest Service. Richard Norby was
also a key contributor to the experimental design and optimization phases being completed.
ORNL is in the process of searching for and hiring a full-time staff person to live in northern
Minnesota and provide day-to-day operation and oversight for the experiment.

Plant growth phenology and net primary production (NPP) — Paul Hanson, Richard Norby
and Colleen lversen are splitting efforts in this area. Paul Hanson is leading the focus on tree and
shrub growth and vegetation phenology. Richard Norby is leading efforts to characterize growth
and community dynamics of the diverse Sphagnum communities occupying the bog surface
beneath the higher plants. Belowground response measurements will be led by Colleen Iversen
with notable technical assistance from Joanne Childs.

Community composition — Efforts to characterize community compositional changes in
response to the experimental treatments will be led by Brian Palik of the USFS (tree
demography). Chris Schadt will develop and lead a related effort on microbial community
changes.

Plant Physiology — Characterization of pre- and treatment plant physiological responses to
both seasonal dynamics and induced treatment regimes will be led by Jeff Warren with the
support of Stan Wullschleger and a pending postdoctoral hire.

Biogeochemical cycling responses — A number of staff will share responsibility for
biogeochemical cycling responses. Work on hydrologic cycling will be led by Steve Sebestyen
and Natalie Griffiths with input from Jeff Warren. Colleen Iversen will lead the element cycling
subtask. C cycle observations focused on peat changes and C emissions will be coordinated by
Paul J. Hanson, Randall Kolka and Colleen Iversen.

Modeling of terrestrial ecosystem responses to temperature and CO, — Peter Thornton and
Daniel Ricciuto will coordinate efforts to utilize and incorporate experimental results into
improved modeling frameworks for understanding the terrestrial C cycle and its feedbacks to
climate.

A coordinating panel made up of the Response SFA research manager (Hanson), the local
USFS contact (Kolka), the Technical Task leaders listed above, and a SPRUCE advisory panel
make up the experimental advisory panel. This panel will serve as the decision-making body for
major operational considerations throughout the duration of the experimental activity and it will
be the panel for vetting requests for new research initiatives to be conducted within the
experimental system.

Recent Personnel Actions — Two ORNL scientific staff persons were hired to participate on SPRUCE
(Task R1) in FY2010 to contribute to SPRUCE. Colleen Iversen was hired to lead belowground
productivity and root phenology observations, and Jeff Warren was hired to co-lead plant physiological
evaluations and to evaluate and isolate plant water-use and water-relations responses of trees and woody
shrubs. The SPRUCE research group has also hired a postdoctoral research associate: Dr. J. Megan
Steinweg.

Dr. Patrick J. Mulholland was forced to transition to full time disability in spring 2011 because of a
serious illness. In preparation for this transition, the TES SFA hired Dr. Natalie Griffiths as a postdoctoral
associate to fill Pat’s role in Tasks R1 and R2.

Charles T. Garten Jr. retired from ORNL at the end of FY2011. TES SFA staff and our colleagues at
the USDA Forest Service are adjusting the scope of their respective individual task responsibilities to
cover the pre-treatment measurement objectives for Task R1.
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Since the beginning of the TES SFA activities in October 2009, Daniel Ricciuto and Daniel Hayes
were hired as ORNL staff, and more recently Xiaoying Shi and Jiafu Mao were hired as ORNL staff.

Dr. Gregg Marland also announced his retirement from ORNL, but continues to be engaged in the
estimation and summarization of global C emissions data as an unfunded collaborator.

5.1 PROPOSED EFFORT BY TES SFA STAFF IN FUTURE FISCAL YEARS

Table 5.1 Approximate annual person hours by ORNL staff and their major research tasks in future fiscal
years (160 hours = 1 person month). This table does not account for support service staff contributions for
instrumentation maintenance and calibrations that are significant for the field experiments and processes
work.

Personnel R1: Flabcd: F2ab: F3c: F4ab: F5:
Contributing to SPRUCE C-Cycle Process Soil C Landscape Fossil C
Tasks Modeling Studies Processes Flux Emissions
Scientific Staff
Andres 416
Devarakonda 60 20 20 20 20 20
Gu 1,374
Hanson 1,472 160
Hayes 1,095
Hook 120 40 80
lversen 1,215 200
King 320
Mao --- 624
Mayes 650
Norby 800 100
Ricciuto 1,404
Schadt 320 200
Shi 624
Thornton 552
Wang 1,404
Warren 1,095 --- 320
Weston 390
Waullschleger 600
Postdoctoral Staff
Griffiths (ORISE) 960
Steinweg (ORISE) 936 936
Yang (ORISE) 936
Walker (ORISE) - - 1,310
TBD (ORISE) 1,872
Technical and
Support staff
Childs (ORNL) 1,368 384
Brice (ORNL) 1,155 - 160
Huczko (ORNL) 220 40 80 40 20
McCracken 160 -
Phillips (ORNL) 580 320
TBD (ORNL-MN) 1,872
Person Hours 15,195 7,019 2,614 2,326 1,494 436

By Task
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6. FACILITIES AND RESOURCES

ORNL has been demonstrating its commitment to climate and environmental change research through
substantial investments over many years in climate change modeling, the development of innovative
large-scale experimental infrastructures through the Laboratory Directed Research and Development
program (LDRD), and in the construction of other critical infrastructures, including a new field support
building (Building 1521), greenhouses, the Joint Institute for Biological Sciences, and renovations in
support of molecular ecology. The Climate Change Science Institute brought together all ORNL Climate
Change staff including members of the TES SFA into a single building and has been fostering better day-
to-day interactions among modelers, experimentalists and data management specialists.

The TES SFA is supported by world-class capabilities at ORNL. The National Leadership Computing
Facility provides an open, unclassified resource that we will use to enable breakthrough discoveries in
climate prediction. It houses the largest unclassified computing capability available to climate change
researchers in the world. The Earth System Grid (ESG), which involves six DOE Laboratories and the
National Center for Atmospheric Research (NCAR), integrates supercomputers with large-scale data and
analysis servers located at numerous National Laboratories and research centers to create a powerful
environment for next generation climate research. The Carbon Dioxide Information Analysis Center
(CDIAC) is pioneering utilization of infrastructure support for data and model integration that we will use
and build upon in the CCP. The Atmospheric Radiation Measurement Program data system (ARM
Archive), the NASA Distributed Active Archive Center for Biogeochemical Dynamics (NASA-DAAC),
and the USGS-funded National Biological Information Infrastructure (NBII) Metadata Clearinghouse
provide additional expertise in this emerging research discipline.

ORNL is also home to the High Flux Isotope Reactor and the Spallation Neutron Source, which we
can use to understand physical, chemical, and biological complexity in plant and soil processes. Further,
ORNL has access to the Oak Ridge Reservation and National Environmental Research Park, a unique
resource comprising multiple ecosystem types that are protected, available for observation and
manipulation, and supported with infrastructure. Walker Branch Watershed on the Oak Ridge Reservation
is a candidate core site for the National Ecological Observatory Network (NEON), a National Science
Foundation continental-scale observation system whose aim is to determine long-term changes in
ecosystem structure and function in response to climate and other environmental factors.

Other facilities that we plan to use are located at collaborating DOE National Laboratories. The
Lawrence Livermore National Laboratory — Center for Accelerator Mass Spectrometry (LLNL-CAMS)
provides large volume, high precision **C measurements for ecosystem tracer studies. Pacific Northwest
National Laboratory’s Environmental Molecular Science Laboratory combines advanced instrumentation
such as high-throughput mass spectrometry, advanced microscopy instruments, and NMR instruments
with high performance computing. The Advanced Photon Source (APS) at ANL provides the brightest x-
ray beams in the Western Hemisphere to enable analysis of chemical and physical structure of
components of ecosystem biogeochemical cycles.
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BUDGETS AND BUDGET JUSTIFICATIONS FOR FY2013, FY2014, AND FY2015

Table B1. TES SFA budget request for the next 3-year period ($K)

FY FY2013 FY2014 FY2015 3-Year Total

ORNL Direct Wages $3,688K $4,095K $4,257K $12,040K
Materials for Science $217K $163K $163K $543K
Travel $143K $157K $157K $457K
Science Subcontracts $283K $224K $228K $735K
Infrastructure Subcontracts $2,027K $1,937K $1,756K $5,720K
ORNL Overhead $1,647K $1,429K $1,444K $4,520K
ORNL Total $8,005K $8,005K $8,005K $24,015K

Table B2. TES SFA Budget Request By Continuing Science Tasks ($K)

Task FY2014 FY2015 3-Year Percent of
Total Effort
Task R1 - SPRUCE $5,215K $5,213K $5,213K $15,641K 65.1
Tasks Flabcd: $1,300K $1,332K $1,332K $3,964K 16.5
Task F2b: $375K $375K $375K $1,125K 4.7
Task F3c: $375K $375K $375K $1,125K 4.7
Tasks F4ab: $630K $600K $600K $1,830K 7.6
Task F5: $110K $110K $110K $330K 1.4
TES SFA Total $8,005K $8,005K $8,005K $24,015K 100
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EXPLANATION OF ORNL ACCOUNTING PRACTICES AND OTHER SUPPORTING MATERIAL

Cost estimates presented in this science plan have been reclassified in order to be comparable to other
research institutions’ plans. At Oak Ridge National Laboratory (ORNL), actual costs will be collected and
reported in accordance with the Department of Energy (DOE) approved cost accounting system. Total
cost presented in this plan and the actual cost totals will be equivalent as will the subtotal of direct and
indirect cost.

A. (1-5) SENIOR PERSONNEL
The ORNL's cost accounting system incorporates wage pool allocations, which are built around job
grade classifications. The salary figure listed for Senior Personnel represents the average salary for an
Environmental Sciences Division (ESD) staff scientist within a specific wage pool. For budgeting
purposes, one calendar month is assumed to be 150.4 hours.

A.6 Other funded individuals
These individuals include Andres, Hayes, Iversen, King, Mayes, Mao, Norby, Ricciuto, Schadt, Shi,
Wang, Warren, Weston, and Wullschleger.

B.1. POST DOCTORAL ASSOCIATES
Costs are estimated for 4 to 5 post doctoral associates in each fiscal year from the Oak Ridge Institute
for Science and Education (ORISE). The costs are based on 12 months of work, salary and fringe
benefits, and 22% institute off-site overhead for each of the three years of the proposed project.
Current postdocs include: Griffiths, Steinweg, Walker, Yang and a pending hire in the area of plant

physiology.

B.2 OTHER PROFESSIONAL Technicians
The ORNL's cost accounting system incorporates wage pool allocations, which are built around job
grade classifications. The salary figure listed for Other Personnel represents the average salary for an
ESD staff technician within a specific wage pool. For budgeting purposes, one calendar month is
assumed to be 150.4 hours.

B.6 OTHER/ORNL Services
Costs are estimated for the service provided by the ORNL Biological and Environmental Sciences
Directorate. Instruments services personnel are also included in these costs.

C. FRINGE BENEFITS
Fringe Benefits for ORNL employees are estimated to be 54.6% for FY2013, 51.6% for FY2014, and
50% for FY2015.

E.1 TRAVEL — Domestic

Task R1
Substantial travel cost are budgeted for multiple staff to execute field campaigns at the SPRUCE
site in Minnesota, to attend annual science meetings, support science steering group participation,
and travel to Germantown in support of DOE BER interactions. Past experience has shown that
these travel costs are in the range of $70 to $80K per year.

Task F1
Travel costs include participation in an average of 1.5 science conferences per year (AGU,
AmeriFlux Annual Meetings, NACP Investigator meeting etc.) by each of the 8 team scientists
and postdocs. Other travel for attendance at on national science steering committees and to
support multiple trips per year to Germantown in support of DOE BER is also budgeted.

Task F2
Travel to attend 2 to 3 science conferences per year is budgeted.

Task F3
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Travel costs are budgeted to support travel to 2 science meetings per year with funds to travel to
Germantown in support of DOE BER.

Task F4
One trip is scheduled in all fiscal years to the Missouri tower site to examine and maintain
equipment, meet with site collaborators. Travel costs include vehicle rentals (as needed), hotel
charges, meals, gasoline, etc. for multiple persons per trip. In addition, travel costs for staff to
attend the AmeriFlux annual science meeting is budgeted in each year. Trips to the SPRUCE sites
in Minnesota are covered under Task R1.

Task F5
Travel costs are budgeted to support one annual meeting trip and 1 or more trips for task related
science interactions per year.

E.2 Travel — Foreign

$15K budgeted in each annual cycle to support travel by ORNL staff members to attend up to 5
trips abroad in association with all Tasks (variable by year).

G.1 MATERIALS & SUPPLIES
These costs include annual general and miscellaneous supplies/analytical costs directly related each
TES SFA task as follows.

Task R1: Approximately $112K per year is budgeted for miscellaneous office supplies, computer and
software, communication costs, instrument replacement parts for established SPRUCE
monitoring equipment, and analytical expenses. This amount is incrementally higher than our
experience over the past two years to account for the added number of monitoring plots that will
be established. Costs for initial infrastructure development of the SPRUCE experiment in
FY?2013 are detailed further below.

Task F1: $20K to 30K per year budgeted to support miscellaneous office and computer supplies for
the staff of the C-cycle monitoring group.

Task F2: $5K to $10K per year to support environmental monitoring, analytical costs for elemental
and isotopic analyses of plant and soil samples, and miscellaneous office supplies, computer and
software costs of Task staff.

Task F3: $10K to $30K is budgeted to support incubator maintenance, analytical costs, and
miscellaneous office supplies, computer and software costs of Task staff.

Task F4: $20K to $40K per year is allocated for replacement parts, purchases of new belowground
minirhizotron tubes and camera maintenance, and miscellaneous office supplies, computer and
software costs of Task staff.

Task F5: $1K per year to support miscellaneous office supplies, computer and software costs.

G.5 SUBCONTRACTS
Subcontracts include funds and funding for SPRUCE construction, leased space in Minnesota,
various energy costs related costs and a small IAG with the USDA Forest Service are detailed in the
following table. Further details on these subcontracts are provided below.

Table B3. Planned subcontract details going forward.

Cost Item ($K) FY2013 FY2014 FY2015 3-Year-Sum

Total Offsite Subcontracts $2,310K $2,161K $1,984K $6,455K
Task R1 Construction or Repair* $1,232K $892K $711K $2,835K
Electrical Service/Heating $600K $800K $800K $2,200K

Leased Space-Grand Rapids, MN $45K $45K $45K $135K
CO; gas $150K $200K $200K $550K

Univ. of Missouri -Task F4 $208K $149K $153K $510K

USDA Forest Service — IAG $40K $40K $40K $120K

Misc. Research Support $35K $35K $35K $105K

75



*When construction and repair costs are not needed for Task R1 funds will be reallocated to

science.

G.6 OTHER - Organization Burden Administration
Organization Burden Administration costs include utilities; managerial, technical, and
administrative oversight; and support personnel such as plant and equipment, instrumentation and
controls, environmental, safety, and health, finance and budget, quality, and health physics provided
for the general benefit of a division. The level of division management and support personnel is

estimated to be approximately .2 FTE for every 1.0 FTE of ESD scientific effort.

The labor and fringe components have been estimated and reported in items A. - C. The
organization and administrative burden components have been estimated and are being reported in
Item G.6. Inclusion of these costs is necessary to provide a full accounting of estimated cost for the
project period. All cost will be collected and reported in ORNL’s cost accounting system, as approved

by DOE.

I. INDIRECT COSTS

ORNL overhead is applied on a cost element basis. The effective ORNL Overhead rates are 37% (FY
2012-FY2015) for staff effort, 23.7% for materials, and 13% for off-site subcontracts and travel.

Table B4. ORNL SUBCONTRACT #1: USDA Forest Service Interagency Agreement for interactions on the
Marcell Experimental Forest. Values are in US dollars.

Cost Item FY2013 FY2014 FY2015
Personnel Time $25,000 25,000 25,000
Travel 10,000 10,000 10,000
Materials 5,000 5,000 5,000
Total Cost $40,000 $40,000 $40,000

Funding is allocated in each year of the SPRUCE study to allow our USDA Forest Service collaborators to provide
on-site logistics and scientific support and to travel on behalf of the SPRUCE project.

Table B5. ORNL SUBCONTRACT #2: Contract to lease 1500 square feet of office and light laboratory space

in Grand Rapids, Minnesota.

Cost Item FY2013 FY2014 FY2015
Space Cost $43,800 $43,800 $43,800
Communications 1,200 1,200 1,200
Total Cost $45,000 $45,000 $45,000
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Table B6. ORNL SUBCONTRACT #3: Subcontract to the University of Missouri, for scientific collaboration
with the Missouri eddy covariance flux tower operation, data analysis, and preparation of publications.

Year-By-Year Details: FY2013 FY2014 FY2015 Total

Pl (1 mo) $11,638 $11,987 $12,346 $35,971
Sr Res Spec (12 mo @ 0.75 FTE) $42,856 $44,142 $45,466 $132,464
Undergrad (1 student) $6,855 $7,061 $7,273 $21,189
Subtotal Wages $61,349 $63,190 $65,085 $189,624

Fringe $17,890 $15,841 $16,317 $50,048
Direct Effort $79,240 $79,031 $81,402 $239,673
Equip* $60,000 $0 $0 $60,000
Travel $3,000 $3,090 $3,183 $9,273
Mat/Sup* $15,684 $16,154 $16,639 $48,477
Total Direct Cost (TDC) $157,924 $98,275 $101,224 $357,423

MTDC (less equip) $97,924 $98,275 $101,224 $297,423

F&A @ 51.5% $50,431 $50,612 $52,130 $153,173
Total $208,354 $148,887 $153,354 $510,595

* An LI-8100 system is requested to replace the now 8-year-old continuous soil respiration. This may be purchased
by ORNL, but will be applied for use in Missouri.

PERSONNEL- University of Missouri

One calendar month of salary is requested for S. Pallardy in support of his oversight of the MOFLUX
installation and participation in project research. One FTE support for a senior technician is requested to
oversee operation and maintenance of the AmeriFlux system equipment and tower. Additionally, this
person will participate in site-related research as needed. Funds are also requested for undergraduate
student help. This funding should be sufficient to allow both needed growing season and off-season
assistance in the field and laboratory. Fringe Benefits for senior personnel and other professionals are

charged at 31.23%

MATERIALS & SUPPLIES — University of Missouri
The annual miscellaneous materials charges include are used to support the following:
Electricity charges for site operation ($325/month annually)
Phone charges (landline, $30/month annually)

Phone charges (cell, $50/month annually)

Fuel for lift annual expenditure

Standard gases for profile system and calibration (annual expense)
Repair costs for instruments (annual estimate)
Supplies for L1-6400 and site instruments

(soda lime, Ascarite 11, Mg perchlorate

batteries, recalibration charges)

Electrical and hardware supplies (fuses, wiring,

electrical components, lightning protection
system parts, tower hardware replacements)

INDIRECT COSTS — University of Missouri
Indirect costs are charged at 49.5% of Modified Total Direct Costs (MTDC).

MTDC excludes equipment.
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SUPPLEMENTAL DETAILS OF COSTS FOR TASK R1-SPRUCE
The following tables and brief summaries provide supporting details for costs associated with
building experimental monitoring systems in support of SPRUCE biological tasks, and reveal details of
the planned treatment infrastructure costs yet to be expended with FY2011 carryover, F2012 and FY2013
funds.
Table B7. Equipment costs per experimental plot for environmental and automated biological
observations to be purchased and deployed in FY2012.

Item Quantity Unit Price Total
Temporary Bridges 2 each $225 $450
Center Tower Components:
Helical Pile 1 each 105 105
Helical Pile Extension 1 each 50 50
Helical Pile Cap 1 each 45 45
Tower with base plate 1 each 820 820
Guys and eye Kits 1 each 190 190
Grounding kit 1 each 242 242
Roof mount 1 each 130 130
Logger/Analyzer Box 1 each 700 700
Data logging material:
Data logger CR1000 2 each 1734 3468
Multiplexer AM 16/32B 3 each 649 1947
SMD-CVO04 2 each 1150 2300
Power supply PS100 1 each 240 240
Relay Controller 1 each 350 350
Memory card and module 1 each 500 1000
Sensors/Sampling Devices:
Air Temp/RH HMP 45C — L50* 6 each 860 5160
CO; Analyzer — in hand 1 each 0 0
Heated 6-line sampling bundle* 1 each 1500 1500
Air Filters 6 each 5 30
Pump 1 each 200 200
Solenoid Manifold 1 each 147 147
Calibration valves 3 each 22.25 66.75
Wind Speed and Direction (2D-Sonic) 1 each 1750 1750
PAR sensor and mount — canopy 1 each 310 310
PAR sensor and mount — hummock 1 each 310 310
Soil Temperature Integrated Probe** 3 each 1000 3000
Soil Moisture sensor — Hummock 9 each 110 990
Rain gauge 1 each 285 285
Rain gauge supports 1 each 144 144
Hummock thermistors 9 each 100 900
Water level sensor — Trutrac 1 each 500 500
Trutrac well casing and drive point 1 each 196 196
Phenology camera (optional) 1 each 2525 2525
Automated dendrometers with cables 2 each 400 800
Sapflow sensors with cables 4 each 250 1000
Sapflow power supply 1 each 400 400
Communication interface 1 each 350 350
Cable Variable n/a 600
Miscellaneous contingency n/a n/a 500
Total $33,701

* Air temperature, relative humidity, and [CO,] will be monitored at the center of the plot at 0.5, 1, 2
and 4 m plus two additional 2 m locations on arms extending east and west of the tower.
**The integrated soil temperature probe is constructed to measured temperatures at the hollow
surface (0) and at -5, -10, -20, -30, -40, -50, -100 and -200 cm.
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Approximate material cost for the construction of one treatment plot:

We are in the process of preparing the air-warming prototype for propane-based air heating and
between 1 and 2 months of performance testing. When completed we will move quickly to estimate and
subcontract the final costs of building and adding the above- and belowground warming infrastructures
for each SPRUCE experimental treatment for planned installation in the winters of 2012 and 2013.
Estimated costs for each individual enclosure have more than doubled since our initial estimates in 2009
due to rising materials costs and changing design needs. Current estimates per experimental in dollars are
as follows including contingencies, but presented without ORNL overhead:

Aboveground Enclosure $195,796
Heaters and air-handling vents 137,426
Belowground corrals 63,900
Total Cost Per Experimental Unit $397,122

All boardwalks (major and plot level), instrumentation, electrical service, and subsurface heating
requirements are expected to be in place ahead of this installation process for the heating enclosures. To
the extent that costs for this infrastructure may exceed available funds to build the minimum 12-chamber
experimental design described in Section 2.1.1c, a discussion will be had about waiting another annual
cycle to initiate treatments to obtain sufficient funds or to further limit the scope of the design. We expect
to learn valuable information about the cost of boardwalk installations to better define these estimates
over the next couple of months.

Projected Annual Energy Use and Heating Costs For One 12 m Diameter Open Top Enclosure
We have tested the above and belowground warming enclosure in Oak Ridge, Tennessee under a
wide range of conditions (windy-calm; wet-to-dry) from 4 January to 20 November 2011. These
observations yielded the energy use temperature differential relationship shown in Figure 4, and revealed
the following information on mean energy use requirements to achieve target enclosure-2m-air and deep-
soil temperature differentials.

Table B8. Measured and estimated energy needed to achieve target temperature difference.
Target Temperature Aboveground Belowground
Differential Energy Use (kW) Energy Use (kW)

0 0 0

3 17 13
4 30 2

6 65 2.6*
9 130* 4.5%

*Extrapolated from data for lower temperatures. Will be verified under propane air heating

Data for 0, +3 and +6 °C are derived from active observations; the value for +9°C is an estimate.
We are currently converting the warming prototype to propane-based air warming heat exchangers to
achieve +9°C. Furthermore, due to limited electrical supplies in northern Minnesota we will need to
depend on propane as our energy source for air heating throughout the study.

Projected Annual Cost for Heating
By analyzing the average energy use data shown in Table B8 and assuming that air heating would
be applied from 15 March through 15 December each year (276 days) 24 hours per day, the approximate
annual electrical demand for a 12 and 20 chamber experimental design is calculated from kW times 6,624
hours for air and belowground heating for an enclosure.
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Table B9. Total energy use by chamber for two experimental designs. Final costs will limit the application of
the larger experimental design.

12-Chamber Design 20 Chamber Design
Treatment Annual Energy Use Treatment Annual Energy Use
(+°C) (Air — soil — blowers; kW-h) (+°C) (Air — Soil — blowers; kW-h)
0 0+0 0 0+0
1.8 67,565 + 5,167 + 31,132 1 37,536 + 2,870 + 31,132
3.6 135,130 + 10,333 + 31,132 2 75,072 + 5,741 + 31,132
54 357,696 + 17,885 + 31,132 3 112,608 + 8,611 + 31,132
7.2 516,672 + 20,667 + 31,132 4 198,720 + 13,248 + 31,132
9 861,120 + 29,808 + 31,132 5 248,400 + 15,235 + 31,132
6 430,560 + 17,222 + 31,132
7 502,320 + 20,093 + 31,132
8 765,440 + 26,496 + 31,132
9 861,120 + 29,808 + 31,132
Annual kW h 2,177,730 KW-h y-1 Total kW h 3,651,288 kW-h y-1

Estimated costs to heat these two experimental designs can be obtained using a rate of $0.10 kW-
h-1 times the total kW time 2 for a duplicate experimental design at ambient and elevated CO,. The 12
and 20 chamber studies would cost ~$435K and $730K per year to operate, respectively. Cost may vary
when the air heating energy is supplied from propane fired heat exchangers that are only 80% as efficient
as the electrical resistance heaters tested so far. We are budgeting for $800K per year to be conservative.

Estimate Elevated CO, Additions and Cost

Operational testing of the full-scale warming prototype on the Oak Ridge Reservation which has
surface winds similar to those at the S1 Bog has shown that we can produce an internal [CO,] of 900 ppm
(+500 ppm) in the surface to 2 to 4 meter zone of the enclosure with mean pure CO, injection rates of
approximately 200 Ipm. An estimate of annual CO, use per enclosure can be made based on the
following assumptions:

Assumed CO, elevation Level = +500 ppm

Observed mean turnover time for the enclosure volume = 0.44 minute-1.

CO; Injection rate = 361 g CO, min-1

CO, additions made from 1 April through 30 November each year during daylight hours (~3200

hours).

Projected Costs for CO,:
We estimate using 69,312 kg CO, per year for each 12 m enclosure or ~69.3 metric tons y-1.
At $260 per ton (high cost estimate) that is an operational cost of close to $20,000 per plot.
Therefore annual cost for CO, for minimum of 6 and a maximum of 10 elevated CO, enclosures
deployed in the final experimental design would range from $120,000 to $200,000 per year. We
are budgeting for the higher amount.

Conclusion

ORNL’s design efforts for construction and operation of SPRUCE are providing a cost-effective
infrastructure for long-term (10-year) operation of artificial, whole-ecosystem warming and atmospheric
change manipulations. The time spent in physical and virtual prototyping at ORNL has enhanced the
efficiency of the enclosure designs and reduced projected long-term operational costs.
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FY2011 FUNDING ALLOCATION TO EXTERNAL COLLABORATORS

A number of subcontracts were established or continued under the TES SFA to further our research
goals.

To facilitate a priori modeling of the SPRUCE Experiment (Task R1) subcontracts were put in place
with Dr. Paul Miller at Lund University ($12K), Dr. Robert Grant at the University of Alberta ($10K),
and with Dr. Jeff Amthor at the University of Sydney ($24K). Dr. Merritt Turetsky at the University of
Guelph was contracted ($21K) to provide expertise and student support in the study of Sphagnum and
belowground processes as a part of the SPRUCE experiment. An interagency agreement (IAG) between
ORNL/DOE and the USDA Forest Service Marcell Experimental Forest has also been put in place
($100K) to facilitate tree removal and site preparation of the upland areas of the S1 watershed for the
SPRUCE experiment. Peat depth surveys of the S1 Bog were executed under subcontract by a group
from Rutgers University ($54K).

Development of the SPRUCE warming-prototype in Oak Ridge was facilitated by several engineering
and construction subcontracts ($285K). NEPA Environmental Assessment activities also required a
contract with SAIC ($56K) to produce the necessary documents while avoiding internal conflict of
interest issues.

In support of Task F1 a contract was placed with the University of Montana ($63K) to provide
support for coordination of CLM and Biome-BGC model development, providing a test case to study the
influence of model structure and complexity on prediction uncertainty and parameter optimization.
Debbie Huntzinger was supported ($57K) to coordinate regional synthesis efforts within NACP. An
overview paper has been submitted (Huntzinger et al.) describing the work.

Under Task F3a, the EBIS-AmeriFlux continued to provide site support ($10K per year per site) for
the operation and oversight of our remote field study locations in Missouri (University of Missouri),
Michigan (University of Michigan), New Hampshire (USDA Forest Service), and Massachusetts
(Harvard University). Dr. Bill Parton was provided a subcontract ($45K) through Colorado State
University to use EBIS-AmeriFlux data to further refine the FORCENT model developed as a part of
EBIS-Oak Ridge. Surveys of macrobiotic populations at all EBIS-AmeriFlux sites were conducted by the
USDA Forest Service throughout 2010 ($20K).

In support of Task F4, collaborators at the University of Missouri are under contract ($306K) to
conduct day-to-day operations of the MOFlux tower instrumentation, and make periodic physiological
and growth observations.

Through the Oak Ridge Institute for Science and Engineering (ORISE) we also developed a number
of subcontracts for the support of postdoctoral associates working on the TES SFA including: Natalie
Griffiths, Meg Steinweg, Anthony Walker and Xiaojuan Yang.

Small subcontracts for chemical analyses conducted in support of various tasks are also in place with
a variety of institutions.

NATIONAL LABORATORY INVESTMENT IN THE TES SFA

Concepts for the belowground warming technologies used for the SPRUCE Experiment (Task R1)
were initiated with ORNL LDRD funds totaling $480K in FY2008 and FY2009. Current LDRD funding
($200K) is being used to develop neutron imaging as a novel and non-destructive tool to quantify high-
resolution uptake of soil water by individual maize roots, redistribution of water with soil and roots, and
water transport through the stem to the atmosphere. Such approaches may have direct application to the
identification of process-level mechanisms for use within ecosystem models.

Partial support for new terrestrial carbon-cycle modeling staff was provided by the ORNL General
Hire program to facilitate building a broader modeling base to take on the breadth of the activities funded
under the TES SFA. Funding from that program has ended and these staff are now fully funded by project
work.

Dr. Melanie Mayes obtained LDRD funding to develop new methods to evaluate soil carbon
characterization and turnover. This ORNL investment is expected to lead to the new Task F3c of the TES
SFA proposed in this document.
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CAPITAL EQUIPMENT

Capital equipment funds were used to purchase open-path CO, and CH4 monitoring systems for use
and application in the SPRUCE experiment. Since that purchase the threshold amount of funds needed to
define a capital expenditure has risen to the point that few other capital requests are anticipated. Specific
TES SFA examples that would have been in this category in the past include: incubators for laboratory
based carbon and nutrient metabolism in Sphagnum and both mineral and organic soils; and a high-
resolution, portable spectral radiometer for non-destructive determination of N, surface moisture, and
species distribution.

Significant funding for experimental infrastructure development for the SPRUCE field facilities are
not classified as capital expenditures, but represent an analogous investment for the planned decadal
duration of that large-scale and long-term field experiment.
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Robert J. Andres

Senior Research and Development Staff

Oak Ridge National Laboratory, Environmental Sciences Division
Phone: (505) 662-7973

Email: andresrj@ornl.gov

Education and Training

1992 Michigan Technological University (MTU), Geology, PhD
1988 New Mexico Institute of Mining and Technology (NMIMT), Geochemistry, MS
1986 NMIMT, Geology, BS

Research and Experience

2006-Present Senior R&D Staff, Environmental Sciences Division, Oak Ridge National Laboratory
(ORNL), Oak Ridge, TN

2005-Present Guest Scientist, Los Alamos National Laboratory, Los Alamos, NM

2005-Present Andres.com, Self-employed Geochemical and Remote Sensing Consulting, Los

Alamos, NM

2005-2007 Adjunct Faculty, Department of Earth and Environmental Science, NMIMT, Socorro,
NM

2000-2006 Associate Professor, Department of Space Studies, University of North Dakota (UND),
Grand Forks, ND

2000-2002 Director (2001-2002), Acting Director (2000-2001), Assistant Director (2000), North
Dakota Space Grant and NASA EPSCoR, Grand Forks, ND

1999-2000 Research Associate Professor, Institute of Northern Engineering (INE), University of
Alaska Fairbanks (UAF), Fairbanks, AK

1997-2000 University Program Director, University of Alaska (UA)-Alaska

Department of Environmental Conservation (ADEC) Memorandum of Agreement
(MOA), Fairbanks, AK

1995-2000 Visualization Laboratory Manager, Arctic Region Supercomputing Center (ARSC),
Fairbanks, AK

1994-1999 Research Assistant Professor, INE, UAF, Fairbanks, AK

1992-1994 Postdoctoral Research Participant 3, Environmental Sciences Division, ORNL, Oak
Ridge, TN

1992-1993 Volcanological/Geochemical Consultant, Cookeville, TN

1992-1993 Postdoctoral Fellow, Earth Sciences Department, Tennessee Technological University
(TTU), Cookeville, TN

1992-1993 Research Assistant I. Geology Department, MTU, Houghton, Ml

1992 Research Associate in Engineering. Center for the Management,

Utilization and Protection of Water Resources, TTU, Cookeville, TN
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cycle of atmospheric CO,. J. Geophys. Res., 113: G01023, do0i:10.1029/2007JG000435.
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9.

10.

Gregg JS, Andres RJ (2008) “A method for estimating the temporal and spatial patterns of carbon
dioxide emissions from national fossil-fuel consumption.” Tellus 60B:1-10, doi:10.1111/j.1600-
0889.2007.00319.x.

Gurney K, Ansley W, Mendoza D, Seib B, Petron G, Frost G, Gregg J, Fischer M, Pataki D,
Ackerman K, Houweling S, Corbin K, Andres R, Blasing TJ (2007) “Research Needs for Finely
Resolved Fossil Carbon Emissions.” Eos 88:542-543.

Losey LM, Andres RJ, Marland G (2006) Monthly estimates of carbon dioxide emissions from fossil-
fuel consumption in Brazil during the late 1990s and early 2000s. Area 38:445-452.
d0i:10.1111/j.1475-4762.2006.00713.X.

Baklanov A, Mahura A, Jaffe D, Thaning L, Bergman R, Andres R (2002). ““Atmospheric transport
patterns and possible consequences for the European North after a nuclear accident.” J. Environ.
Radioactivity 60:23-48.

Andres RJ, Schmid JW (2001) The effects of volcanic ash on COSPEC measurements. J. Volcanol.
Geoth. Res. 108:237-244.

Lee X, Bullock Jr OR, Andres RJ (2001) Anthropogenic emission of mercury to the atmosphere in
the northeast United States. Geophys. Res. Lett. 28:1231-1234.

Synergistic Activites
1. Reviewed 154 proposals for funding from the American Chemical Society, ARSC/Cray Grants,

Department of Energy (DOE) (panel), EPA (4 panels), Flemish Government, Marsden Fund (New
Zealand), National Aeronautics and Space Administration (NASA) (panel), National Geographic
Society, National Science Foundation (NSF), National Oceanic and Atmospheric Administration
(NOAA), Natural Environment Research Center (NERC, UK), North Dakota EPSCoR, UAF Center
for Global Change and Arctic System Research, UND Summer Graduate Research Professorships,
Graduate School, and Water Resources Research

2. Reviewed 63 manuscripts for refereed publications, including Antarctic Research Series, Atmospheric

Environment, Bulletin of Volcanology, The Energy Journal, Environmental Science & Technology,
Geocarto International, Geochemical Journal, Geochimica et Cosmochimica Acta, Geological
Survey of Canada Special Paper, Geology, Geophysical Research Letters, Global and Planetary
Change, Global Biogeochemical Cycles, Intergovernmental Panel on Climate Change Third
Assessment Report, Journal of Geophysical Research, Journal of Volcanology and Geothermal
Research, Tellus, and Volcanism and the Earth’s Atmosphere

Collaborators and Co-Editors

Gregg JS (University of Maryland); Losey LM, Sodeinde OR, Bolles BA (University Of North Dakota);
Blasing TJ, Marland G, Erickson DJ, Boden TA, Hoffman FM (Oak Ridge National Laboratory); Gurney
K (Purdue University); Baklanov A (Russia); Mahura A, Jaffe D, Schmid JW (University Of Alaska-
Fairbanks); Treanton K (International Energy Agency); Nassar R (U. Of Toronto); Patra PK (JAMSTEC);
Nowatzki J (ND Ag Extension Service)

Graduate and Postdoctoral Advisors
Postdoc advisors: Dr. G. Marland
PhD advisor: Dr. WI Rose

MS advisor: Dr. PR Kyle
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Natalie A. Griffiths
Postdoctoral research Associate
Oak Ridge National Laboratory, Environmental Sciences Division
Phone: (865) 576-3457
Email: griffithsna@ornl.gov

Education and Training

2011 University of Notre Dame, Biological Sciences, PhD
Dissertation title: Quantifying the impact of row-crop agriculture on carbon dynamics in
Midwestern streams.

2005 University of Toronto, (Canada) Honors B.Sc. with High Distinction. Zoology and
Physiology

Research and Professional Experience

2010 Postdoctoral Research Associate, Environmental Sciences Division, Oak Ridge National
Laboratory (ORNL).

Projects: (1) Spruce and peatland responses under climatic and environmental change,
(2) Sustainability of short rotation pine as a bioenergy feedstock in the southeastern U.S.,
(3) Long-term monitoring of Walker Branch Watershed.

2006-2009 Teaching Assistant and Co-instructor, Department of Biological Sciences, University of
Notre Dame (UND).

2005-2008 Research Assistant, Department of Biological Sciences, UND.
Project: Cycling of novel allochthonous carbon in agricultural streams (NSF-funded).
Principal Investigators: Drs. J.L. Tank, E.J. Rosi-Marshall, T.V. Royer, and M.R. Whiles.

2004-2005 Teaching Assistant, Department of Zoology, University of Toronto (U of T).

2004-2005 Undergraduate Thesis, Department of Zoology, U of T.
Title: Are there hot spots for Elliptio complanata in the shallow littoral zone of a large
Canadian Shield lake.

2004-2005 Undergraduate Thesis, Department of Botany, U of T.
Title: Anatomical and functional organization of the stem and root xylem of Sarcandra

glabra.
2003-2005 Research Assistant, Department of Zoology, U of T.
2003 Research Assistant, Department of Biological Sciences, UND.

Project: Lotic Intersite Nitrogen eXperiment Il (LINXII).
2002-2003 Undergraduate Thesis, Department of Botany, U of T.
Title: Parental effects due to host plant quality in swamp milkweed beetles.

Publications

1. Griffiths, N.A., J.L. Tank, T.V. Royer, T.J. Warrner, T.C. Frauendorf, E.J. Rosi-Marshall, and M.R.
Whiles. In Press. Temporal variation in organic carbon spiraling in Midwestern agricultural streams.
Biogeochemistry.

2. Tank, J.L., EJ. Rosi-Marshall, T.VV. Royer, M.R. Whiles, N.A. Griffiths, T.C. Frauendorf, and D.J.
Treering. 2010. Occurrence of maize detritus and a transgenic insecticidal protein (CrylAb) within
the stream network of an agricultural landscape. Proceedings of the National Academy of Sciences of
the United States of America 107:17645-17650.

3. Chambers, C.P., M.R. Whiles, E.J. Rosi-Marshall, J.L. Tank, T.V. Royer, N.A. Griffiths, M.A.
Evans-White, and A.J. Stojak. 2010. Responses of stream macroinvertebrates to Bt maize leaf
detritus. Ecological Applications 20:1949-1960.

4. Tank, J.L., EJ. Rosi-Marshall, N.A. Griffiths, S.A. Entrekin, and M.L. Stephen. 2010. A review of
allochthonous organic matter dynamics and metabolism in streams. Journal of the North American
Benthological Society 29:118-146.
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Warrner, T.J., T.V. Royer, J.L. Tank, N.A. Griffiths, E.J. Rosi-Marshall, and M.R. Whiles. 2009.
Origin and bioavailability of dissolved organic carbon in agricultural headwater streams in Indiana,
USA. Biogeochemistry 95:295-307.

Griffiths, N.A., J.L. Tank, T.V. Royer, E.J. Rosi-Marshall, M.R. Whiles, C.P. Chambers, T.C.
Frauendorf, and M.A. Evans-White. 2009. Rapid decomposition of maize detritus in agricultural
headwater streams. Ecological Applications 19:133-142.

Rosi-Marshall, E.J., J.L. Tank, T.V. Royer, M.R. Whiles, M. Evans-White, C. Chambers, N.A.
Griffiths, J. Pokelsek, and M.L. Stephen. 2007. Toxins in transgenic crop byproducts may affect
headwater stream ecosystems. Proceedings of the National Academy of Sciences of the United States
of America 104:16204-16208.

Griffiths, N.A. and H. Cyr. 2006. Are there hot spots for Elliptio complanata in the shallow littoral
zone of a large Canadian Shield lake? Canadian Journal of Fisheries and Aquatic Sciences 63:2137-
2147.

Awards and Recognition

1.
2.

3.

o

o

2011 - Eli J. and Helen Shaheen Graduate School Award for the Sciences, UND.

2010 - Sigma Xi Grant-in-Aid of Research. Title: Decomposition of corn leaves and native and
invasive grasses in the floodplains of restored agricultural streams ($965).

2009 - Certification of Teaching Excellence from the Kaneb Center for Teaching and Learning and
the Department of Biological Sciences, UND.

2009 - Kaneb Center’s Outstanding Graduate Student Teacher Award for Excellence in Teaching,
UND.

2008-2009 - Bayer Predoctoral Research Fellowship, UND ($8,000).

2008-2009 - National Science Foundation (NSF) Doctoral Dissertation Improvement Grant (DDIG).
Title: Transport, sorption, and degradation of Cry1Ab toxins derived from genetically engineered
corn crop byproducts in agricultural streams ($11,499).

2007-2010 - Natural Sciences and Engineering Research Council of Canada (NSERC) Post-
Graduate Scholarship: Doctoral (PGS-D). Title: The role of agricultural land use on carbon cycling
in Midwestern headwater streams ($63,000).

2007 - North American Benthological Society Presidential Award ($600).

2005-2006 - NSERC Post-Graduate Scholarship: Masters (PGS-M). Title: The role of agricultural
land use on carbon cycling in Midwestern headwater streams ($17,300).

Synergistic Activities

1.

N

Reviewer for the Journal of the North American Benthological Society, Limnology and
Oceanography, Forest Ecology and Management, Journal of Environmental Quality, Journal of the
American Water Resources Association, Hydrobiologia (2008-present).

Contributing member to the Faculty of 1000 Marine and Freshwater Ecology section (2008-present).
Member of the National Ecological Observatory Network (NEON) STRream Experimental
Observation Network (STREON) working group (2011).

Memberships in: American Society of Limnology and Oceanography, Ecological Society of
America, North American Benthological Society.

NABS Executive Committee graduate representative (2010), NABS Graduate Resources Committee
(GRC) Chair (2009-2010), NABS Strategic Planning Committee graduate representative (2008-
2009), GRC student workshop organizer (2008-2009), GRC live auction committee (2007-2008).

Graduate and Postdoctoral Advisors

Postdoctoral Advisor: Dr. P.J. Mulholland.

PhD Advisor: Dr. J.L. Tank

Undergraduate Advisors: Dr. H. Cyr, Dr. T.S. Field, Dr. A.A. Agrawal, Dr. P.A. Van Zandt.
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Lianhong Gu

Senior Research Staff

Oak Ridge National Laboratory, Environmental Sciences Division
Phone: (865) 241-5925

Email: Lianhong-gu@ornl.gov

Education and Training

1998 University of Virginia, Environmental Sciences, PhD
1989 Chinese Academy of Sciences, Ecology, MS
1986 Xuzhou Normal University, Physics, BS

Research and Professional Experience
2009-Present  Senior Research and Development (R&D) Staff Scientist. Oak Ridge National
Laboratory, Environmental Sciences Division.

2002-2009 R&D Staff Scientist (11, 111). Oak Ridge National Laboratory, Environmental Sciences
Division.
2000-2002 Project Scientist/Associate Specialist. University of California-Berkeley, Department of
Environmental Sciences, Policy, and Management.
1998-2000 Research Associate. University of Virginia, Department of Environmental Sciences.
1995-1998 Graduate Research Assistant. University of Virginia, Department of Environmental
1994-1995 Sciences.
Graduate Research Assistant. University of Maine-Orono, Department of Forest
1986-1994 Ecosystem Science.

Graduate Research Assistant/Research Associate/Research Assistant Professor. Chinese
Academy of Sciences, Institute of Geographic Sciences and Natural Resources Research
(formerly Commission for Integrated Survey of Natural Resources).

Publications

1. Gu, L., S.G. Pallardy, K. Tu, B.E. Law, S.D. Wullschleger (2010) Reliable estimation of biochemical
parameters from C3 leaf photosynthesis-intercellular carbon dioxide response curves. Plant, Cell and
Environment (in press).

2. Zhou, B, L Gu, Y Ding, L Shao, Z Wu, X Yang, C Li, Z Li, X Wang, Y Cao, B Zeng, M Yu, M
Wang, S Wang, H Sun, A Duan, Y An, X Wang, W Kong (2010) The Great 2008 Chinese ice storm,
its socioeconomic-ecological impact, and sustainability lessons learned. Bulletin of the American
Meteorological Society (accepted).

3. Yi, C, D Ricciuto, R Li, J Wolbeck, X Xu, M Nilsson, L Aires, JD Albertson, B Amiro, C Ammann,
M Arain, A C de Araujo, M Aubinet, M Aurela, Z Barcza, A Barr, P Berbigier, J Beringer, C
Bernhofer, AT Black, PV Bolstad, FC Bosveld, MSJ Broadmeadow, N Buchmann, SP Burns, P
Cellier, J Chen, J Chen, P Ciais, R Clement, B D Cook, P S Curtis, D B Dail, K J Davis, E Dellwik, N
Delpierre, A R Desai, S Dore, D Dragoni, B G Drake, E Dufréne, A Dunn, J Elbers, W Eugster, M
Falk, C Feigenwinter, L B Flanagan, T Foken, J Frank, J Fuhrer, D Gianelle, A Goldstein, M
Goulden, A Granier, T Griinwald, L Gu, etc. (2010) Climate control of terrestrial carbon exchange
across biomes and continents. Nature (in review).

4. Yang B, Pallardy SG, Meyers TP, Gu L-H, Hanson PJ, Wullschleger SD, Heuer M, Hosman KP,
Riggs JS, Sluss DW (2010) Environmental Controls on Water Use Efficiency during Severe Drought
in an OzarkForest in Missouri, USA. Global Change Biology (in press).

5. Xiao, J., Zhuang, Q., Law, B.E., Chen, J., Baldocchi, D.D., Cook, D.R., Oren, R., Richardson, A.D.,
Wharton, S., Ma, S., Martin, T.A., Verma, S.B., Suyker, A.E., Scott, R.L., Monson, R.K., Litvak, M.,
Hollinger, D.Y., Sun, G., Davis, K.J., Bolstad, P.V., Burns, S.P., Curtis, P.S., Drake, B.G., Falk, M.,
Fischer, M.L., Foster, D.R., Gu, L., Hadley, J.L., Katul, G.G., Matamala, R., McNulty, S., Meyers,
T.P., Munger, JW., Noormets, A., Oechel, W.C., Paw U, K.T., Schmid, H.P., Starr, G., Torn, M.S.,
Wofsy, S.C., 2010. A continuous measure of gross primary production for the conterminous U.S.
derived from MODIS and AmeriFlux data. Remote Sensing of Environment 114(3): 576-591.
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10.

Hollinger, D.Y., S.V. Ollinger, A.D. Richardson, T.P. Meyers, D.B. Dail, M.E. Martin, N.A. Scott,
T.J. Arkebauer, D.D. Baldocchi, K.L. Clark, P.S. Curtis, K.J. Davis, A.R. Desai, D. Dragoni, M.L.
Goulden, L. Gu, G.G. Katul, S.G. Pallardy, K.T. Paw U, H.P. Schmid, P.C. Stoy, A.E. Suyker, and
S.B. Verma (2009) Albedo estimates for land surface models and support for a new paradigm based
on foliage nitrogen concentration. Global Change Biology 16 (2): 696-710.

van Gorsel, E., N. Delpierre, R. Leuning, A. Black, J. W. Munger, S. Wofsy, M. Aubinet, C.
Feigenwinter, J. Beringer, D. Bonal, B. Chen, J. Chen, R. Clement, K. J. Davis, A. Desai, D. Dragoni,
S. Etzold, T. Grinwald, L. Gu, B. Heinesch, L. R. Hutyra, W.W.P. Jans, W. Kutsch, B.E. Law, M. Y.
Leclerc, I. Mammarella, L. Montagnani, A. Noormets, C. Rebmann, W. Sonia (2009) Estimating
nocturnal ecosystem respiration from the vertical turbulent flux and change in storage of CO,.
Agricultural and Forest Meteorology 149: 1919-1930.

Romén, M.O., C.B. Schaaf, X.Yang, C.E. Woodcock, A.H. Strahler, R.H. Braswell, P.S. Curtis, K.J.
Davis, D. Dragoni, M.L. Goulden, L. Gu, D.Y. Hollinger, T.E. Kolb, T. P. Meyers, J.W. Munger, J.L.
Privette, A.D. Richardson,T.B. Wilson, and S.C. Wofsy (2009) The MODIS (Collection VV005)
BRDF/Albedo Product: Assessment of spatial 6 representativeness over forested landscapes. Remote
Sensing of Environment 113: 2476-2498.

Gu, L., W. M. Post, D. D. Baldocchi, T. A. Black, A. E. Suyker, S.B. Verma, T. Vesala, and S. C.
Wofsy (2009) Characterizing the seasonal dynamics of plant community photosynthesis. In:
Phenology of Ecosystem Processes: Applications in Global Change Research, A. Noormets, Editor,
Springer, New York, 275p.

Noormets, A., J. Chen, L. Gu, and A. Desai (2009) The phenology of gross ecosystem productivity
and ecosystem respiration in temperate hardwood and conifer chronosequences. In: Phenology of
Ecosystem Processes: Applications in Global Change Research, A. Noormets, Editor, Springer, New
York, 275p.

Synergistic Activities

1. 2009, panel member for DOE early Career Grants

2. 2008-present, oversea expert to the Chinese Academy of Forestry

3. 2008, session on “Climate Variability, Extreme Events, and Biospheric Impacts and Feedbacks,”
American Geophysical Union Fall Meeting, San Fransisco

4. 2007, NASA Carbon cycle and Ecosystems panel member

5. 2006, reviewer, National Science Foundation

Awards

1. 2004, United States Presidential Early Career Award Nominee

2. 2004, Stanley | Auerbach Award for Excellence in Environmental Sciences, Environmental Sciences
Division, Oak Ridge National Laboratory

3. 2004, World Meteorological Organization Norbet-Gerbier Mumm Award

4. 2004, Outstanding Early Career Award Finalist, UT-Battelle

5. 1997, Outstanding Graduate Student in Ecology, Department of Environmental Sciences, University

of Virginia
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Paul J. Hanson

Distinguished R&D Staff Member

Oak Ridge National Laboratory, Environmental Sciences Division
Phone: (865) 574-5361

Email: hansonpj@ornl.gov

Education and Training

1986 University of Minnesota, Tree Physiology, PhD
1983 University of Minnesota, Plant Physiology, MS
1981 St. Cloud State University, Biology (summa cum laude), BA

Research and Professional Experience

2005-Present  Distinguished R&D Staff Member. Environmental Sciences Division, Oak Ridge
National Laboratory.

2006-Present Group Leader, Ecosystem Sciences Group. Environmental Sciences Division, Oak
Ridge National Laboratory

2004-2009 Chief Scientist. Program for Ecosystem Research, U.S. Department of Energy

2001-2004 Senior R&D Staff Member. Environmental Sciences Division, Oak Ridge National

1996-2001 Laboratory.

1994-1998 Research Staff Member 1. Environmental Sciences Division, Oak Ridge National

1992-1995 Laboratory.

1989-1992 Adjunct Associate Professor. Department of Ecology, University of Tennessee,
Knoxville.

1988-1989 Research Staff Member I. Environmental Sciences Division, Oak Ridge National

1986-1988 Laboratory.

Research Associate. Physiological Ecology Group, Environmental Sciences Division,
Oak Ridge National Laboratory.

Scientist. Automated Sciences Group, Oak Ridge, TN.

Postdoctoral Research Associate. Oak Ridge National Lab, Environmental Sciences
Division, Oak Ridge, TN.

Publications

1. McFarlane KJ, Torn MS, Hanson PJ, Porras RC, Swanston CW, Callaham MA Jr., Guilderson TP
(201?) Comparison of soil organic matter dynamics at five temperate deciduous forests with physical
fractionation and radiocarbon measurements. Biogeochemistry (accepted pending revisions).

2. Gunderson CA, Edwards NT, Walker AV, O’Hara KH, Campion CM, Hanson PJ (2011) Forest
phenology and a warmer climate — growing season extension in relation to climatic provenance.
Global Change Biology (in press).

3. Gu, L, Massman WJ, Leuning R, Pallardy SG, Meyers T, Hanson PJ, Riggs JS, Hosman KP, Yang B
(2011) The fundamental equation of eddy covariance and its application in flux measurements.
Agricultural and Forest Meteorology 152:135-148.

4. Hanson PJ, Childs KW, Wullschleger SD, Riggs JS, Thomas WK, Todd DE, Warren JM (2011) A
method for experimental heating of intact soil profiles for application to climate change experiments.
Global Change Biology 17:1083-1096.

5. Parton WJ, Hanson PJ, Swanston C, Torn M, Trumbore SE, Riley W, Kelly R (2010) ForCent model
development and testing using the Enriched Background Isotope Study (EBIS) Experiment. JGR-
Biogeosciences 115:G04001; doi: 10.1029.2009JG001193.

6. Yang B, Pallardy SG, Meyers TP, Gu L-H, Hanson PJ, Wullschleger SD, Heuer M, Hosman KP,
Riggs JS, Sluss DW (2010) Environmental Controls on Water Use Efficiency during Severe Drought
in an OzarkForest in Missouri, USA. Global Change Biology 16:2252-2271.

7. Kardol P, Todd DE, Hanson PJ, Mulholland PJ (2010) Long-term successional forest dynamics:
species and community responses to climatic variability. Journal of Vegetation Science 21:627-642.
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10.

11.

12.

13.

Kramer C, Trumbore S, Froberg M, Cisneros-Dozal LM, Zhang D, Xu X, Santos G, Hanson PJ
(2010) Recent (<4 year old) leaf litter is not a major source of microbial carbon in a temperate forest
mineral soil. Soil Biology and Biochemistry 42:1028-1037.

Amthor JS, Hanson PJ, Norby RJ, Wullschleger SD (2009) A comment on “Appropriate experimental
ecosystem warming methods by ecosystem, objective, and practicality” by Aronson and McNulty”.
Agricultural and Forest Meteorology 150: 497-498.

Riley WJ, Gaudinski JB, Torn MS, Joslin JD, Hanson PJ (2009) Fine-root mortality rates in a
temperate forest: estimates using radiocarbon data and numerical modeling. New Phytologist
184:387-398.

Hanson PJ, Gunderson CA (2009) Root carbon flux: measurements versus mechanisms. New
Phytologist 184:4-6.

Gaudinski JB, Torn MS, Riley WJ, Swanston C, Trumbore SE, Joslin JD, Majdi H, Dawson TE,
Hanson PJ (2009) Use of stored carbon reserves in growth of temperate tree roots and leaf buds:
analyses using radiocarbon measurements and modeling. Global Change Biology 15:992-1014.
Fréberg M, Hanson PJ, Trumbore SE, Swanston CW, Todd DE (2009) Flux of carbon from **C-
enriched leaf litter throughout a forest soil mesocosm. Geoderma 149:181-188.

Synergistic Activities

IS A

10.

11.

Subject Editor, Global Change Biology (2005-present)

Member of EPA’s Clean Air Science Advisory Committee (CASAC) (2007-present)

NOx & SOx Secondary Review Panel

Member, NASA’s ORNL DAAC User Working Group (2007-present)

Member, North American Carbon Program, Carbon Cycle Science Steering Group (2009-present
Invited Congressional Testimony, 9 June 2009, Energy and Environment Subcommittee of the House
Science and Technology Committee (2009)

Member of EPA’s Clean Air Science Advisory Committee (CASAC) Ozone Review Panel (2005-
2008

Editorial Review Board, Tree Physiology (1994-2004, excluding 1999

Associate Editor, Journal of Environmental Quality (two 3-year terms) (1995-2000

Contributing Author, U.S. Environmental Protection Agency, contributing to the revised Air Quality
Criteria Document for Particulate Matter. (1994-1996

Contributing Author, U.S. Environmental Protection Agency, Air Quality Criteria Document for
Oxides of Nitrogen. (1988-1990)

Selected Awards and Honors

1.

Fellow, American Association for the Advancement of Science (AAAS), Section on Biological
Sciences elected November 2008.

Award for excellence in presentation of a paper, Soil Science Society of America, Division S-7,
Annual meeting, October 31- November 4, 2004, Seattle, Washington.

2003 Award of Merit for a Book, Society for Technical Communication.

2002 Award for excellence in presentation of a paper, Soil Science Society of America, Division S-7,
Annual meeting, November 10-14, 2002, Indianapolis, Indiana.

1995 Distinguished Scientific Achievement Award, Environmental Sciences Division Oak Ridge
National Laboratory

1994 Award of Merit in Scholarly Articles, Society for Technical Communications
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Daniel J. Hayes

Associate Research Staff Member

Oak Ridge National Laboratory, Environmental Sciences
Phone: 865-574-7322

Email: hayesdj@ornl.gov

Education and Training

2006 Oregon State University, Forest Science, PhD
1999 University of Maine, Forest Resources, MS
1996 SUNY College of Environmental Science and Forestry, Resource

Management/Environmental and Forest Biology, BS

Research and Professional Experience

2010-Present Associate Research Staff, Oak Ridge National Laboratory, Environmental Sciences

2010-Present  Joint Faculty Assistant Professor, Dept. of Ecology & Evolutionary Biology, University
of Tennessee, Knoxville

2006-2010 Post-Doctoral Research Fellow. Institute of Arctic Biology, University of Alaska-
Fairbanks. NSF-supported project (PIl: Dave McGuire, UAF) under the Arctic System
Science Program. Project is designed to understand and predict the causes and
consequences of global environmental change on high latitude system dynamics through
a comprehensive analysis of the arctic system carbon cycle.

2002-2006 NASA Graduate Research Fellow. Forest Science Department, Oregon State University.
Modeling forest cover change and carbon dynamics along the Mesoamerican Biological
Corridor, using a hierarchical system of field data, high resolution Landsat data, and
coarse resolution MODIS (Supervisor: Warren B. Cohen, U.S. Forest Service.)

2000-2002 Associate Scientist. Department of Forest Management, University of Maine. Major
duties included research work on two large-scale satellite remote sensing projects in 1)
northern and western Maine and 2) the whole of the Central American Isthmus. Both
included project development, satellite data acquisition, field data collection, airphoto
and high-resolution image interpretation, digital image processing, forest and land cover
classification, forest change detection applications, map validation exercises, and
product output and extension.

1999-2000 Faculty Research Associate. Department of Forest Management, University of Maine.
Responsible for all facets of research and technical support for a project in The Maya
Biosphere Reserve, Petén , Guatemala, under the NASA-ESE Land Cover Land Use
Change Science Program.

1998-1999 Graduate Research Assistant. Department of Forest Management, University of Maine.
Studies included remote sensing, forest ecology and management, research design and
statistical methods, and spatial analysis/GIS.

1998 Airphoto Interpreter. Forestry Division, James W. Sewall Co. Interpreted several
hundred frames of large-scale aerial photography for a large portion of central and
southern Maine as part of the Maine Forest Service’s Ice Storm Damage Assessment
project.

1997 GIS Analyst/Programmer. Forestry Division, James W. Sewall Co. Developed
customized Arcview projects on Maine forestland ownership and ancillary data using
Avenue programming.

1996-2000 Naturalist Guide and Coordinator. Denali National Park and Wilderness Centers.
Organized and led hikes and education activies for clients of a remote wilderness lodge
and educational center in Denali National Park.
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Publications

1.

10.

11.

12.

13.

Huntzinger, D.N., W.M. Post, Y. Wei, A.M. Michalak, T.0O. West, A.R. Jacobson, |.T. Baker, J. M.
Chen, K.J. Davis, D.J. Hayes, F.M. Hoffman, A.K. Jain, S. Liu, A.D. McGuire, R.P. Neilson, B.
Poulter, B.M. Raczka, H.Q. Tian, P. Thornton, E. Tomelleri, N. Viovy, J. Xiao, N. Zeng, M. Zhao,
and R. Cook (2012) North American Carbon Program (NACP) Regional Interim Synthesis:
Terrestrial Biospheric Model Intercomparison, Ecological Modeling, in press.

Hayes, D.J., D.P. Turner, G. Stinson, A.D. McGuire, Y. Wei, T.O. West, L.S. Heath, B. deJong, B.G.
McConkey, R.A. Birdsey, W.A. Kurz, A.R. Jacobson, D.N. Huntzinger, Y. Pan, W.M. Post, and R.B.
Cook (2012) Reconciling estimates of the contemporary North American carbon balance among
terrestrial biosphere models, atmospheric inversions and a new approach for estimating net ecosystem
exchange from inventory-based data. Global Change Biology, in press; doi: 10.1111/j.1365-
2486.2011.02627 .x.

Hayes, D.J., A.D. McGuire, D.W. Kicklighter, K.R. Gurney, T.J. Burnside, and J.M. Melillo (2011)
Is the northern high latitude land-based CO, sink weakening? Global Biogeochemical Cycles, 25(3),
GB3018, doi: 10.1029/2010gb003813.

McGuire, A.D., D.J. Hayes, D.W. Kicklighter, M. Manizza, Q. Zhuang, M. Chen, M.J. Follows, K.R.
Gurney, J.W. McClelland, J.M. Melillo, B.J. Peterson, and R. Prinn. (2010) An analysis of the carbon
balance of the Arctic Basin from 1997 to 2006. Tellus B.

McGuire, A.D., R.W. Macdonald, E.A.G. Schuur, J.W. Harden, P. Kuhry, D.J. Hayes, T.R.
Christensen, and M. Heimann. (2010) The carbon budget of the northern cryosphere region. Current
Opinion in Environmental Sustainability.

Hayes, D.J., A.D. McGuire, D.W. Kicklighter, T.J. Burnside and J. M. Melillo. (2009) The effects of
land cover and land use change on the contemporary carbon balance of the arctic and boreal terrestrial
ecosystems of northern Eurasia. Chapter 6 in Gutman, Groisman and Reissell (eds.) Arctic Land
Cover and Land Use in a Changing Climate. NASA Land Cover and Land Use Change Program.
Springer, In Press.

Krankina, O.N., D. Pflugmacher, D.J. Hayes, A.D. McGuire, M. Hansen, T. Hame, V. Elsakov, and
P. Nelson. (2009). Vegetation cover in the Eurasian Arctic: Distribution, monitoring, and role in
carbon cycling. Chapter 5 in Gutman, Groisman and Reissell (eds.) Arctic Land Cover and Land Use
in a Changing Climate. NASA Land Cover and Land Use Change Program. Springer, In Press.
McGuire, A.D., L. Anderson, T.R. Christensen, S. Dallimore, L. Guo, D.J. Hayes, M. Heimann, T.
Lorenson, R. Macdonald, and N. Roulet. (2009) Sensitivity of the carbon cycle in the Arctic to
climate change. Ecological Monographs 79, 523-555.

Hayes, D.J., W.B. Cohen, S.A. Sader and D.E. Irwin. (2008) Estimating Proportional Change in
Forest Cover as a Continuous Variable from Multi-Year MODIS Data. Remote Sensing of
Environment, 112: 735-749.

Hayes, D.J. and W.B. Cohen. (2007) Spatial, spectral and temporal patterns of tropical forest cover
change as observed with multiple scales of optical satellite data. Remote Sensing of Environment,
106: 1-16.

Hayes, D.J., S.A. Sader, and N.B. Schwartz. (2002) Developing a forest conversion history database
to explore the temporal and spatial characteristics of land cover change in the Maya Biosphere
Reserve, Guatemala. Landscape Ecology, 17:299-314.

Sader, S.A., D.J. Hayes, J.A. Hepinstall, M. Coan, and C. Soza. (2001) Forest change monitoring of a
remote biosphere reserve. International Journal of Remote Sensing, 22:1937-1950.

Hayes, D.J. and S.A. Sader. (2001) Change detection techniques for monitoring forest clearing and
regrowth in a tropical moist forest. Photogrammetric Engineering and Remote Sensing, 67(9): 1067-
1075.
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Les A. Hook

Research Scientist

Oak Ridge National Laboratory, Environmental Sciences Division
Phone: (865) 241-4846

Email: hookla@ornl.gov

Education and Training

1988 Southern Illinois University-Carbondale, Zoology, PhD
1979 Southern Illinois University-Carbondale, Zoology, MA
1975 Central College, Pella, lowa, Biology, BA

Research and Professional Experience

1997-Present Data and Documentation Coordinator, Oak Ridge National Laboratory Distributed
Active Archive Center (DAAC), NASA. Responsible for archiving DAAC data sets --
interacting with investigators to obtain data, assigning metadata, and developing
documentation.

2009-Present Data and Documentation Coordinator, Oak Ridge National Laboratory, Carbon Dioxide
Information Analysis Center (CDIAC), DOE. Responsible for planning and
implementing data management work flows for collecting, managing, and archiving
data and metadata at CDIAC. Currently supporting SPRUCE, NGEE-Arctic, and
HIPPO projects.

1997-2010 Director, NARSTO Quality Systems Science Center, CDIAC, DOE. Responsible for
providing data and quality management planning and implementation and data
archiving support for this multi-national organization dedicated to improving air quality
management across North America. Duties included developing data and metadata
reporting standards and quality assuring and preparing atmospheric measurement data
for archive.

Publications

1. Pesant, S., L.A. Hook, R. Lowry, G. Moncoiffé, A-M. Nisumaa, and B. Pfeil. 2010.
Safeguarding and sharing ocean acidification data. In U. Riebesell, V.J. Fabry, L.Hansson and J-
P. Gattuso, editors. Guide to best practices for ocean acidification research and data reporting,
260 p. Luxembourg: Publications Office of the European Union.

2. Cook, R.B., W.M. Post, L.A. Hook, and R.A. McCord. 2009. A Conceptual Framework for
Management of Carbon Sequestration Data and Models. In B.J. McPherson and E.T. Sundquist,
editors. Carbon Sequestration and Its Role in the Global Carbon Cycle. AGU Monograph Series
183. pp. 325-334. DOI: 10.1029/2008GM000713.

3. Hook, L. A., T. W. Beaty, S. Santhana-Vannan, L. Baskaran, and R. B. Cook. 2007. Best
Practices for Preparing Environmental Data Sets to Share and Archive. (preparation and
electronic publishing by Oak Ridge National Laboratory Distributed Active Archive Center)
(http://daac.ornl.gov/Pl/bestprac.html). Oak Ridge National Laboratory, Oak Ridge, TN, USA.

4. Hook, Les A. and Sigurd W. Christensen. 2006. NARSTO Support for Atmospheric Science
Research and Data Collection Endeavors (http://cdiac.ornl.gov/programs/NARSTO/). 2006 East
Tennessee Ozone Study (ETOS) Science Workshop, Oak Ridge, Tennessee, May 17-18, 2006.

5. Hook, Les A., Sigurd W. Christensen, Kathleen L. Morris, and Tammy W. Beaty. 2006.
Accessing EPA PM Supersites Data in the NARSTO Data Archive
(http://cdiac.ornl.gov/programs/NARSTO/). Particulate Matter Supersites Program and Related
Studies, An AAAR International Specialty Conference, Atlanta, Georgia, February 7-11, 2005.

6. Thornton, P.E., R.B. Cook, B.H. Braswell, B.E. Law, W. M. Post, H. H. Shugart, B.T. Rhyne,
and L.A. Hook. 2005. Archiving Numerical Models of Biogeochemical Dynamics. Eos, Vol. 86,
No. 44, 1 November 2005.

7. Cushman, R.M., et al. 2004. Carbon Dioxide Information Analysis Center and World Data Center
for Atmospheric Trace Gases, Fiscal Year 2003 Annual Report, ORNL/CDIAC-145 .
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8. Hook, L.A., S.\W. Christensen, and W.B. Sukloff. Data and Metadata Reporting Standards for the
U.S. Environmental Protection Agency's PM Supersites Research Program. Quality Assurance --
Good Practice, Regulation, and Law, 9:155-164, 2001/2002.

9. Cook, Robert B, Richard J. Olson, Paul Kanciruk, and Leslie A. Hook. 2001. Best Practices for
Preparing Ecological Data Sets to Share and Archive. Bulletin of the Ecological Society of
America, Vol. 82, No. 2, April 2001.

10. Hook, L.A., P.J. Franco, and J.M. Giddings. 1986. Zooplankton Community Responses to
Synthetic Qil Exposure. In Community Toxicity Testing, ASTM STP 920, J. Cairns, Jr., Ed.,
American Society for Testing and Materials, Philadelphia. Pp. 291-321.69(1):27-42.

Synergistic Activities

1. Data Coordinator, Spruce and Peatland Responses Under Climatic and Environmental Change
(SPRUCE), 2009-present. Developed data policy and management plan for SPRUCE
experiment.

2. HIPPO (HIAPER Pole-to-Pole Observations (NSF funded)) Data Management and Archive
Team, CDIAC, 2009-present. Responsible for planning and implementing data management
work flow for obtaining, quality assuring, formatting, and archiving data and metadata in
CDIAC. Coordination and participation with Pl, aircraft instrument team, and independent
investigators are keys to success.

3. Team Member, Wind Resource Data Active Archival and Integration Effort Development
Team, 2009-2010. Task includes implementing a virtual data repository that will provide a
single portal to wind energy data to support resource evaluation and siting studies. Leveraged
existing DAAC tools for wind energy application with subject-specific metadata additions and
search tool modifications

4. Data Management Coordinator, U.S. EPA Particulate Matter Supersites Program, 2000-2004.
At CDIAC, worked with EPA PM Supersite Project Managers and Data Coordinators of this
national multi-site program to development and implement data, metadata, and format
reporting standards for archiving and dissemination of their research data products.
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Colleen M. lversen

Scientist

Oak Ridge National Laboratory, Environmental Sciences Division
Phone: (865) 241-3961

Email: iversencm@ornl.gov

Education and Training

2008 University of Tennessee, Ecology and Evolutionary Biology, Ph.D.
2004 University of Notre Dame, Biological Sciences, M.S.
1997 Hope College, Biological and Environmental Sciences, B.S.

Research and Professional Experience

2010-Present Staff Scientist. Oak Ridge National Laboratory, Environmental Sciences
Division, Oak Ridge, TN, USA.
2008-2010 Post-doctoral research associate. Oak Ridge National Laboratory,

Environmental Sciences Division, Oak Ridge, TN, USA.

Publications

1. Iversen CM, Keller JK, Garten CT, Norby RJ (in press). Soil C and N cycling and storage
throughout the soil profile in a sweetgum plantation after 11 years of CO,-enrichment. Global
Change Biology.

2. Warren JM, Iversen CM, Garten CT, Norby RJ, Childs J, Brice DJ, Evans RM, Gu L, Thornton
PE, Weston DJ (in press). Timing and magnitude of carbon partitioning through a young loblolly
pine (Pinus taeda L.) stand using **C labeling and shade treatments. Tree Physiology.

3. Iversen CM, Murphy MT, Allen MF, Childs J, Eissenstat DM, Lilleskov EA, Sarjala TM, Sloan
VL, Sullivan PF. Advancing the use of minirhizotrons in wetlands. Plant and Soil, DOI
10.1007/s11104-011-0953-1.

4. lversen CM, Hooker TD, Classen AT, Norby RJ (2011). Net mineralization of N at deeper soil
depths as a potential mechanism for sustained forest production under elevated [CO,]. Global
Change Biology 17: 1130-1139.

5. Garten CT, Iversen CM, Norby RJ (2011). Litterfall *°N abundance indicates declining soil
nitrogen availability in a free air CO,-enrichment experiment. Ecology 92: 133-1309.

6. Norby RJ, Warren JM, Iversen CM, Medlyn BE, McMurtrie RE (2010). CO, enhancement of
forest productivity constrained by limited nitrogen availability. Proceedings of the National
Academy of Sciences, USA 107: 19368-19373.

7. Iversen CM, Bridgham SD, Kellogg LE (2010). Scaling plant nitrogen use and uptake efficiencies
in response to nutrient addition in peatlands. Ecology 91: 693-707.

8. Iversen CM (2010). Digging deeper: Fine root responses to rising atmospheric CO, concentration
in forested ecosystems. New Phytologist 186: 346-357.

9. O’Brien SL, Iversen CM (2009). Missing links in the root-soil organic matter continuum. New
Phytologist 184: 513-516.

10. Iversen CM, O’Brien SL (2010). Organized Oral Session 3. Missing links in the root—soil organic
matter continuum. Bulletin of the Ecological Society of America 91: 54-64.

11. Franklin O, McMurtrie RE, Iversen CM, Crous KY, Finzi A, Tissue DT, Ellsworth DS, Oren R,
Norby RJ (2009). Forest fine-root production and nitrogen use under elevated CO,: contrasting
responses in evergreen and deciduous trees explained by a common principle. Global Change
Biology 15: 132-144.

12. Iversen CM, Norby RJ (2008). Nitrogen limitation in a sweetgum plantation: Implications for
carbon allocation and storage. Canadian Journal of Forest Research 38: 1021-1032.

13. Iversen CM, Ledford J, Norby RJ (2008). CO, enrichment increases carbon and nitrogen input
from fine roots in a deciduous forest. New Phytologist: 179: 837-847.
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14. Finzi AC, Norby RJ, Calfapietra C, Gallet-Budynek A, Gielen B, Holmes WE, Hoosbeek MR,
Iversen CM, Jackson RB, Kubiske MB, LedfordJ, Liberloo M, Oren R, Polle A, Pritchard S, Zak
DR, Schlesinger WH, Ceulemans R (2007). Increases in nitrogen uptake rather than nitrogen-use
efficiency support higher rates of temperate forest productivity under elevated CO,. Proceedings
of the National Academy of Sciences, USA 104: 14014-14019.

15. Keller JK, Bauers AK, Bridgham SD, Kellogg LE, Iversen CM (2006). Nutrient control of
microbial carbon cycling along an ombrotrophic-minerotrophic peatland gradient. Journal of
Geophysical Research 111: G03006.

16. Norby RJ, Iversen CM (2006). Nitrogen uptake, distribution, turnover, and efficiency of use in a
CO,-enriched sweetgum forest. Ecology 87: 5-14.

17. Keller JK, Bridgham SD, Chapin CT, Iversen CM (2005). Limited effects of six years of
fertilization on carbon mineralization dynamics in a Minnesota fen. Soil Biology and
Biochemistry 37: 1197-1204.

Synergistic Activities

1. Organizer: “Advancing minirhizotron use to examine ephemeral root dynamics in peatland and
high carbon ecosystems”. Small workshop hosted at Oak Ridge National Laboratory in October,
2010, and funded by the Department of Energy, Office of Science and New Phytologist Trust.

2. Co-organizer: “Missing links in the root-soil organic matter continuum”. Organized oral session
at the annual Ecological Society of America meeting, August, 2009 in Albuquerque, NM, USA.

3. Ad-hoc reviewer for: Acta Oecologica; Biological Invasions; Canadian Journal of Forest
Research; Ecology; Ecosphere; Global Biogeochemical Cycles; Global Change Biology; Journal
of Ecology; Nature, New Phytologist; Oecologia; Plant and Soil; Soil Biology and Biochemistry,
Soil Science Society of America Journal; Tree Physiology; National Science Foundation; National
Institute for Climate Change Research; Department of Energy, Office of Science.

4. Society memberships: Ecological Society of America, Soil Ecology Society.

Collaborators and Co-Editors

CT Garten, L Gu, PJ Hanson, RJ Norby, P Thornton, JM Warren, D Weston, SD Wullschleger (Oak
Ridge National Laboratory); JD Jastrow, R Matamala, SL. O’Brien (Argonne National Laboratory); AT
Classen (University of Tennessee, Knoxville); TD Hooker (Utah Geological Survey);

JK Keller (Chapman University); SD Bridgham (University of Oregon); BE Medlyn (Macquarie
University); RE McMurtrie (University of New South Wales); LE Kellogg (University of Minnesota); O
Franklin (International Institute for Applied Systems Analysis); KY Crous (Australian National
University); AC Finzi (Boston University); DS Ellsworth, DT Tissue (University of Western Sydney); R
Oren (Duke University); DR Zak (University of Michigan); C Calfapietra (Institute of Agro-
Environmental and Forest Biology, Italy); A Gallet-Budynek (French National Institute for Agricultural
Research); WE Holmes (University of California, Davis); MR Hoosbeek (Wageningen University); RB
Jackson (Duke University); MB Kubiske (USDA Forest Service); RIM Ceulemans, B Gielen, M Liberloo
(University of Antwerp); A Polle (University of Gottingen); S Pritchard (College of Charleston); WH
Schlesinger (Institute of Ecosystem Studies); AK Bauers (Washington State University); CT Chapin
(National Park Service); TR Filley (Purdue University)

Graduate and Postdoctoral Advisors

M.S. Advisor: Dr. Scott D. Bridgham (University of Oregon, formerly University of Notre Dame)
Ph.D. co-Advisors: Dr. Richard J. Norby (Oak Ridge National Laboratory) and Dr. Aimée T. Classen
(University of Tennessee, Knoxville)

Postdoctoral Advisor: Dr. Richard J. Norby
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Anthony W. King

Senior Research Staff

Oak Ridge National Laboratory, Environmental Sciences Division
Phone: (865) 241-3888

E-mail: kingaw@ornl.gov

Education and Training

1986 University of Tennessee-Knoxville, Ecology, PhD
1981 Arkansas State University-Joneshoro, Biology, MS
1978 Arkansas State University-Joneshoro, Zoology, BS

Research and Professional Experience

1992-Present ~ Research Staff Member. Environmental Sciences Division, Oak Ridge National
Laboratory, Oak Ridge, TN.

1987-1992 Research Associate. Environmental Sciences Division, Oak Ridge National Laboratory,
Oak Ridge, TN.

Publications

1. Ciais, P., J.G. Canadell, S. Luyssaert, F. Chevallier, A. Shvidenko, Z. Poussi, Matthias Jonas, P.
Peylin, A.W. King, E.D.Schulze, S. Piao, C. Rddenbeck, W. Peters, and F-M Bréon. 2010. Can we
reconcile atmospheric estimates of the Northern terrestrial carbon sink with land-based accounting?
Current Opinion in Environmental Sustainability doi:10.1016/j.cosust.2010.06.008

2. Pan, F., C.D. Peters-Lidard, and A.W. King. 2010. An inverse method for estimating the spatial
variability of soil particle size distribution from observed soil moisture. Journal of Hydrologic
Engineering (in press) CCSP, 2007. The First State of the Carbon Cycle Report (SOCCR): The North
American Carbon Budget and Implications for the Global Carbon Cycle. A Report by the U.S.
Climate Change Science Program and the Subcommittee on Global Change Research [King, A.W., L.
Dilling, G.P. Zimmerman, D.M. Fairman, R.A. Houghton, G. Marland, A.Z. Rose, and T.J. Wilbanks
(eds.)]. National Oceanic and Atmospheric Administration, National Climatic Data Center, Asheville,
NC, USA, 242 pp.

3. Post, W. M., and A. King. 2005. Climate change and terrestrial ecosystem production. Pp 165-170. In
Climate Change and Global Food Security, CRC Press, Boca Raton, Florida.

4. Hanson, P.J., J.S. Amthor, S.D. Wullschleger, K.B. Wilson, R.F. Grant, A. Hartley, D. Hui, E.R.
Hunt, Jr., D.W. Johnson, J.S. Kimball, AW. King, Y. Luo, S.G. McNulty, G. Sun, P.E. Thornton,
S.S. Wang, M. Williams, and R.M. Cushman. 2004. Oak forest carbon and water simulations: model
intercomparisons and evaluations against independent data. Ecological Monographs 74:443-489.

5. West, T.O., G. Marland, A.W. King, W.M. Post, A.K. Jain, and K. Andrasko. 2004. Carbon
management response curves: estimates of temporal soil carbon dynamics. Environmental
Management 33:507-518.

6. Amthor, J. S., J. M. Chen, J .S. Clein, S. E. Frolking, M. L. Goulden, R. F. Grant, J. S.Kimball, A. W.
King, A. D. McGuire, N. T. Nikolov, C. S. Potter, S. Wang, and S. C. Wofsy. 2001. Boreal forest
CO, and evapotranspiration predicted by nine ecosystem process models: inter-model comparisons
and relationships to field measurements. Journal of Geophysical Research 106:33,623-33,648.

7. Potter, C. S., S. Wang, N. T. Nikolov, A. D. McGuire, J. Liu, A. W. King, J. S. Kimball, R. F. Grant,
S. E. Frolking, J. Clein, J. M.Chen, and J. S. Amthor. 2001. Comparison of boreal ecosystem model
sensitivity to variability in climate and forest site parameters. Journal of Geophysical Research
106:33,671-33,688.

8. Jager, H. I., W. W. Hargrove, C. C. Brandt, A. W. King, R. J. Olson, J. M. O. Scurlock and K. A.
Rose. 2000. Constructive contrasts between modeled and measured climate responses over a regional
scale. Ecosystems 3:396-411

9. King, A.W., W. M. Post, and S. D. Wullschleger. 1997. The potential response of terrestrial carbon
storage to changes in climate and atmospheric CO,. Climatic Change 35:199-227.
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10. Post, W. M., A. W. King, and S. D. Wullschleger. 1997. Historical variations in terrestrial biospheric
carbon storage. Global Biogeochemical Cycles 11:99-109.

11. King, A. W., W. R. Emanuel, S. D. Wullschleger, and W. M. Post. 1995. In search of the missing
carbon sink: a model of terrestrial biospheric response to land-use change and atmospheric CO..
Tellus 47B:501-519.

12. King, A. W., W. R. Emanuel, and W. M. Post. 1992. Projecting future concentrations of atmospheric
CO, with global carbon cycle models: simulating historical changes in atmospheric CO..
Environmental Management 16:91-108.

Synergistic Activities

1. Co-Chair, North American Carbon Program Scientific Steering Group (2008-present). Collaborator,
IESM project, Improving the Representations of Human-Earth System Interactions, J. A. Edmonds,
PNNL (Lead PI) J.B. Drake, ORNL, W.D. Collins, LBNL (Co-PlIs).

2. Co-PI, B. Ross (Lead), Projection and Analysis of Climate Change Impact on Defense Interests,
scientific assessment in support of US Dept of Defense 2010 Quadrennial Defense Review.

3. Co-PIl, ORNL LDRD Project, T. Wilbanks PI, Possible Impacts of Relatively Severe Climate Change.
Lead for collaboration on North India with colleagues at TERI, New Delhi

4. Co-Pl, ORNL LDRD Project, W.C. Lenhardt (PI) Enhancing Climate Impact Integrated Assessment
for Water through Climate Informatics

5. PI, ORNL LDRD Project. Mitigation of Atmospheric CO, through Management of Woody Biomass

6. Pl, ORNL LDRD Project. Scale Dependency in Dynamical Downscaling of Extreme Climate Events
over Complex Topography

7. PIl, ORNL Program Development. Translating Climate Science to Sponsor Needs: A Program
Development Plan of Action
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Randall K. Kolka

USDA Forest Service Northern Research Station, Forestry Sciences Lab
Phone: (218) 326-7115

E-mail: rkolka@fs.fed.us

Education and Training

1996 University of Minnesota, Soil Science, Water and Forest Resources, PhD
1993 University of Minnesota, Soil Science, Water and Forest Resources, MS
1990 University of Wisconsin, Soil Science, Business Management, BS

Professional Experience
2002- Present Team Leader and Research Soil Scientist, USDA Forest Service, Northern Research
Station Laboratory, Oak Ridge, TN.

1998-2002 Assistant Professor of Forest Hydrology and Watershed Management, Department of
Forestry, University of Kentucky
1996-1998 Research Soil Scientist, USDA Forest Service, Southern Research Station

Current Faculty Appointiments
Adjunct Professor, Department of Biological Sciences, North Dakota State University
Associate Faculty, Department of Natural Resource Ecology and Management, lowa
State University
Adjunct Professor, Department of Forest Resources, University of Minnesota
Adjunct Professor, Department of Soil, Water and Climate, University of Minnesota
Graduate Faculty, Department of Forestry, University of Kentucky
Adjunct Faculty, School of Forest Resources and Environmental Science, Michigan
Technological University

Related Publications

1. Powers, M.D., R.K. Kolka, J.B. Bradford, B.J. Palik, S. Fraver, and M.F. Jurgensen. 2012. Carbon
storage across a chronosequence of thinned and unmanaged red pine stands. Ecological Applications.
(in press)

2. Powers, M, R. Kolka, B. Palik, R. MacDonald, and M. Jurgensen. 2011. Long-term management
impacts on carbon storage in Lake States forests. Forest Ecology and Management, 262: 424-431.

3. Kolka, R.K., S.S. Sebestyen, E.S. Verry, and K.N. Brooks (Eds.). 2011. Peatland Biogeochemistry
and Watershed Hydrology at the Marcell Experimental Forest. CRC Press, Boca Raton, FL, 488 pp.

4. Maher RM, Asbjornsen H, Kolka RK, Raich JW (2009) Soil respiration increases across a
chronosequence of tallgrass prairie reconstruction in Central lowa. Ecosystems and Environment,
139(4): 749-753.

5. Kolka, R.K., C.P. Giardina, J.D. McClure, A. Mayer, and M.F. Jurgensen. 2010. Partitioning
hydrologic contributions to an ‘old-growth’ riparian area in the Huron Mountains of Michigan, USA.
Ecohydrology, 3:315-324.

6. Bradford, J., P. Weishampel, M.L. Smith, R. Kolka, R.A. Birdsey, S.A. Ollinger, and M.G. Ryan.
2010. Carbon pools and fluxes in small temperate forest landscapes: variability and implications for
sampling design. Forest Ecology and Management, 259: 1245-1254.

7. Fissore C, Giardina CP, Swanston CW, Torn M, King GM, Kolka RK (2009) Limited temperature
sensitivity of soil organic carbon in North American forests. Global Change Biology 15: 2295-2310.

8. Bradford, J., P. Weishampel, M.L. Smith, R. Kolka, R.A. Birdsey, S.V. Ollinger, and M.G. Ryan.
2009. Detrital carbon pools in temperate forests: magnitude and potential for landscape-scale
assessment. Canadian Journal of Forest Research, 39: 802-813.

9. Fissore C, Giardina CP, Kolka R, Trettin CC (2009) Soil organic carbon quality in forested mineral
wetlands at different mean annual temperatures. Soil Biology and Biochemistry, 41: 458-466.

10. Weishampel P, Kolka R, King JY (2009) Estimates of carbon pools and productivity in a
heterogeneous forest and peatland landscape. Minnesota, USA. Forest Ecology and Management,
257: 7T47-754.
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Synergistic Activities

1. Co-lead with Oak Ridge National Laboratory scientists of the Spruce-Peatland Responses Under
Climatic and Environmental Change (SPRUCE) experiment, the next large scale DOE sponsored
experiment. We will install a replicated experiment using large chambers to test the effect of elevated
soil/air temperature and carbon dioxide on peatland (bog) vegetation and carbon processes. Over the
course of this 10+ year experiment, total funding is expected to exceed $50,000,000 and involve 100+
scientists from across the globe.

2. 2. Co-lead of a study at lowa State University aimed at understanding how strategically placed
perennial vegetation embedded in agricultural landscapes can improve ecosystem services such as
water quality, carbon sequestration, and plant and animal diversity. We have a replicated watershed
level experiment at the Neal Smith Wildlife Refuge in lowa assessing both the percent and location of
perennial strips on ecosystem services.

3. 3. Co-Lead of two studies assessing the effect of biomass removal on ecosystems. The first study is
assessing the effects of forest biomass harvesting on ecosystem processes across the western Lake
States (MN, WI, and MI) and is in association with the University of Minnesota, University of
Wisconsin and University of Missouri. The second study with colleagues at lowa State is assessing
the effect of various biomass systems on ecosystem carbon storage and fluxes in agricultural
landscapes. We established a replicated experiment that includes five biomass alternatives on each of
five landscape positions on an experimental farm at lowa State. Biomass treatments range from
corn/soybeans, to switchgrass, to aspen.

4. 4. Science Advisor for The Forest Legacy Project in Ontario, Canada. The Forest Legacy Project
was developed to assess the influence of forest management on other ecosystem components. The
project specifically looks at the influence of forest management in riparian areas and the effect on
water quality, hydrology and stream biota. The project is multidisciplinary and multi-institutional
with colleagues at Lakehead University in Thunder Bay leading the project. The scientist participates
in annual meetings dedicated to the project and on committees and review panels of graduate
students.

5. Subject Area Representative, Ecology and Biology Subject Area, and Member of the Forest Science
and Technology Board — Society of American Foresters, 2006-2009, and Associate Editor for the
journal Wetlands, 2006-2010

Collaborators and Co-Editors

Heidi Asbjornsen, Tom Isenhart, Tim Stewert, Jan Thompson, Matthew Helmers, Lisa Schulte
Moore(lowa State University); Chris Barton, Jeff Stringer(University of Kentucky); Rich Birdsey, John
Bradford, Chris Swanston, Sue Eggert, Christian Giardina, Erik Lilleskov, Brian Palik, Mike Ryan, Steve
Sebestyen (USDA Forest Service); Ed Swain (MN Pollution Control Agency); Charlie Blinn, Paul
Bolstad, Ken Brooks, Tony D’ Amato, Cinzia Fissore, Jennifer King(University of Minnesota); Rod
Venterea (Agricultural Research Service); Brian Branfireum (University of Toronto); Mike Vepraskas
(N.C. State University); William Cannon, Laurel Woodruff (US Geological Survey); Kyungsoo Yoo —
University of Delaware); Rod Chimner (Michigan Tech University); Dan Engstrom (Science Museum of
Minnesota); Paul Hanson (ORNL); Mark Hanson (Minnesota DNRY); Jeff Jeremiason (Gustavos
Adolphus); Marty Jurgensen, Tom Pypker(Michigan Tech University); Evan Kane (Michigan Tech
University); Bruce Monson (MN Pollution Control Agency); Ellie Prepas (Lakehead University)

Graduate and Postdoctoral Advisors

Dave Grigal — University of Minnesota (MS, PhD)
Ed Nater — University of Minnesota (MS, PhD)
Carl Trettin — Forest Service (PD)
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Jiafu Mao

Scientist

Ecosystem Simulation Science Group, Environmental Sciences Division
Phone: 865-576-7815

Email: maoj@ornl.gov

Education and Training

2001.9-2007.3  Institute of Atmospheric Physics, Chinese Academy of
Sciences, Atmospheric Sciences, Combined MA-PHD

1997.9-2001.9  Nanjing University of Information Science and Technology
(Nanjing Institute of Meteorology), Meteorology, B.S.

Research and Professional Experience
2011.11- Scientist - Ecosystems Simulations Science group in the Environmental
present Sciences Division, ORNL
2009.8-2011.11 Postdoctoral Research Fellow - ORAU/ORNL
2008.1-2009.8  Joint Postdoctoral Research Fellow
The University of New South Wales and CSIRO
2006.10-2008.1  Assistant Scientist, - LASG/IAP, CAS

Publications

1. Mao Jiafu, Xiaoying Shi, Peter E. Thornton, Shilong Piao and Xuhui Wang, 2012.
Causes of spring vegetation growth trend in the Northern mid-high latitudes from
1982 to 2004. Environmental Research Letters, in press.

2. Shi Xiaoying, Jiafu Mao and Peter E. Thornton, 2011. Runoff of the 20" and 21%
centuries Simulated by CESM1, Journal of Climate, in prep.

3. Mao lJiafu, Steven Phipps, Andrew J. Pitman, Yingping Wang and Bernard Pak,
2011. The CSIRO MK3L climate system model v1.0 coupled to the CABLE land
surface scheme v1.4b: evaluation of the control climatology, Geoscientific Model
Development 4: 1115-1131.

4. Mao Jiafu, Peter E. Thornton, Xiaoying Shi, Maosheng Zhao and Wilfred M. Post,
2011. Remote sensing evaluation of CLM4 GPP for the period 2000 to 2009 (under
review in Journal of Climate).

5. Shi Xiaoying, Jiafu Mao, Yingping Wang, Yongjiu Dai and Xuli Tang, 2011.
Coupling a Terrestrial Biogeochemical model to the Common Land Model, Advances
in Atmospheric Sciences 28(5): 1-14.

6. Shi Xiaoying, Jiafu Mao, Peter E. Thornton and Forrest m. Hoffman and Wilfred M.
Post, 2011. The impact of climate change, CO,, nitrogen deposition and land use
change on contemporary global river flow, Geophysical Research Letters 38,
L08704, doi:10.1029/2011GL046773.

7. Mao Jiafu, Andrew J. Pitman, Steven J. Phipps, Gab Abramowitz and Yingping
Wang, 2010. Global and regional coupled climate sensitivity to the parameterization
of rainfall interception. Climate Dynamics DOI: 10.1007/s00382-010-0862-7.

8. Mao lJiafu, Xiaoying Shi, Lijuan Ma, Dale P. Kaiser, Qingxiang Li and Peter E.
Thornton, 2010. Assessment of re-analysis daily extreme temeratures with China’s
homogenized historical dataset during 1979 to 2001 using Probability Density
Functions, Journal of Climate 23(24): 6605-6623.

9. Mao Jiafu, Li Dan, Bin Wang and Yongjiu Dai, 2010. Simulation and evaluation of
terrestrial ecosystem NPP with M-SDGVM over continental China, Advances in
Atmospheric Sciences 27(2): 427-442.

10. Mao Jiafu, Bin Wang and Yongjiu Dai, 2009. Sensitivity of the carbon storage of
potential vegetation to historical climate variability and CO, in continental China,
Advances in Atmospheric Sciences 26(1): 87-100.
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11. Zhang Hailing, Bin Wang and Jiafu Mao, 2009. A Generalized Approach of Three-
dimensional Variational Data Assimilation for Land Surface Air Temperature and Its
Tests under Simplification Cases, Climatic and Environmental Research (in Chinese
with English Abstract) 14(3): 273-283.

12. Shi Xiaoying, Xiaohui Shi and Jiafu Mao, 2009. Interdecadal variation of Water
Vapor Transport over East Asia and Its Impacts on Rainfall over Eastern China in
summer (in Chinese with English Abstract), Acta Geographica Sinica 64(7): 861-
870.

13. Mao Jiafu, Bin Wang, Yongjiu Dai, and Morales Pablo, 2008. Simulations of carbon
and water fluxes with the M-SDGVM in major European forest biomes, Chinese
Journal of Atmospheric Sciences (in Chinese with English Abstract) 32(6): 1379-
1391.

14. Mao Jiafu, Bin Wang, Yongjiu Dai, F. I. Woodward, P. J. Hanson and M. R. Lormas,
2007. Improvements of a dynamic global vegetation model and simulations of carbon
and water at an upland-oak forest, Advances in Atmospheric Sciences 24 (2): 311-
322.

15. Mao Jiafu, Bin Wang and Yongjiu Dai, 2006. Perspective on terrestrial ecosystem
models and their coupling with climate system models, Climatic and Environmental
Research (in Chinese with English Abstract) 11(6): 75-83.

Academic activities

1. Mao Jiafu and coauthors, 2011. Remote sensing evaluation of CLM4, presentation on
the 16th Annual CESM Workshop, Breckenridge, CO, June, 2011

2. Mao Jiafu and coauthors, 2011. The impact of climate, CO,, nitrogen deposition and
land use change on simulated contemporary global river flow, presentation on CESM
Land Model Working Group Meeting, Boulder, CO, March, 2011

3. Mao Jiafu and coauthors, 2010. Remote sensing evaluation of CLMCN GPP, poster
presented to American Geophysical Union, Fall Meeting 2010, San Francisco, CA,
December, 2010

4. Mao Jiafu and coauthors, 2010. The progress of prognostic land use and land cover
change in CESM1, presentation on the 15th Annual CCSM Workshop, Breckenridge,
CO, June, 2010

5. Visiting scientist, March 2007 to August 2007, Center for Terrestrial Carbon
Dynamics (CTCD, NERC), Sheffield University, UK

Collaborators

Peter E. Thornton (ORNL); Xiaoying Shi (ORNL); Forrest M. Hoffman (ORNL); Mac Post (ORNL);
Elke Stehfest (NEPA); Andrew J. Pitman (UNSW); Yingping Wang (CSIRO); Steven Phipps (UNSW);
Gab Abramowltz (UNSW); Bernard Pak (CSIRO); F. lan Woodward (Sheffield U); Bin Wang
(LASG/IAP); Yongjiu Dai (BNU); Li Dan (IAP)

Graduate and Postdoctoral Advisors

Postdoctoral Advisors in US: Peter E. Thornton (ORNL)

Postdoctoral Advisors in Australia: Andrew J. Pitman (UNSW) and Yingping Wang (CSIRO)
Graduate Advisor in China: Bin Wang (LASG/IAP) and Yongjiu Dai (BNU)
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Melanie A Mayes

Research Staff Scientist

Oak Ridge National Laboratory, Environmental Sciences Division
Phone: (865)574-7336

Email: mayesma@ornl.gov

Education and Training

2006 The University of Tennessee, Geological Sciences, PhD
1999 The University of Tennessee, Geological Sciences, MS
1995 The University of Missouri, Geological Sciences, BS

Research and Professional Experience
2002-present Research Staff Scientist. Environmental Science Division, Oak Ridge National

Laboratory
2009-present Adjunct Professor, University of Tennessee
1999-2002 Research Associate. Oak Ridge Institute for Science and Education
1996-1998 Graduate Research and/or Teaching Assistant. Department of Geological Sciences,
University of Tennessee
1996 Undergraduate Research Assistant. Oak Ridge Institute for Science and Education
1995 Laboratory/Teaching Assistant. Department of Geological Sciences, Univ. of Missouri

Publications

1. Heal, K., Mayes, M.A., Brandt, C., Phillips, J.R., and Jardine, P.M. Relation between soil order and
sorptive capacity for dissolved organic carbon. Soil Science Society of America Journal. In revision,
January 2011.

2. C.T. Garten, Jr., Brice, D.J., Castro, H.F., Graham, R.L., Mayes, M.A., Phillips, J.R., Post Ill, W.M.,
Schadt, C.W., Wullschleger, S.D., Tyler, D.D., Jardine, P.M. Jastrow, J.D., Matamala, R., Miller,
R.M., Moran, K.T., Vugteveen, T., Izaurralde, R.C., Thomson, A.M., West, T.O., Amonette, J.E.,
Bailey, V.L., Metting, F.B., and Smith, J.L. 2011. Response of “Alamo” switchgrass tissue chemistry
and biomass to nitrogen fertilization in west Tennessee, USA. Agriculture, Ecosystems, &
Environment 140: 389-297.

3. Cropper, S.C., Perfect, E., van den Berg, E.H. and Mayes, M.A. 2010. Comparison of average and
point capillary pressure-saturation functions determined by steady-state centrifugation. Soil Science
Society of America Journal 75: 17-25.

4. Tang, G., Mayes, M.A., Parker, J.C., and Jardine, P.M. 2010. CXTFIT/Excel — A modular adaptable
approach for parameter estimation and uncertainty/sensitivity analysis. Computers and Geosciences
36:1200-12009.

5. Mayes, M.A. Review of Soil Carbon Sequestration and the Greenhouse Effect. 2010. R. Lal and R.F.
Follett, Co-editors; Soil Science Society of America Special Publication 57 2nd Edition. 20009.
Vadose Zone Journal 9:202-203.

6. Stewart, B.D., Mayes, M.A., and Fendorf, S.E. 2010. Impact of uranyl-calcium-carbonato complexes
on uranium(V1) adsorption to synthetic and natural sediments. Environmental Science and
Technology 44:928-934.

7. C.T. Garten, Jr., C.T., Smith, J.L., Amonette, J.E., Bailey, V.L., Brice, D.J., Gonzalez, H.F., Graham,
R.L., Gunderson, C.A., lzaurralde, R.C., Jardine, P.M., Jastrow, J.D., Kerley, M.K., Matamala, R.,
Mayes, M.A., Metting, F.B., Miller, R.M., Moran, K., Post lll, W.M., Sands, R.D., Schadt, C.W.,
Phillips, J.R., Thomson, A.M., Tyler, D.D., Vugteveen, T., West, T.O., and Wullschleger, S.D.
Intra-annual changes in biomass, carbon, and nitrogen dynamics at 4-year old switchgrass field trials
in West Tennessee, USA. Agriculture, Ecosystems, and Environment 136: 177-184.

8. Jardine, P.M., Mayes, M.A., Mulholland, P.J., Hanson, P.J., Tarver, J.R., Luxmoore, R.J., McCarthy,
J.F. and G.V. Wilson. 2006. Vadose zone flow and transport of dissolved organic carbon at multiple
scales in humid regimes. VVadose Zone Journal 5:140-152.
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9. Mayes, M.A,, Tang, G., Jardine, P.M., McKay, L.D., Yin, X.L., Pace, M.N., Parker, J.C., Zhang, F.,
Mehlhorn, T.L., and Dansby-Sparks, R.N. 2009. Influence of sedimentary bedding on reactive
transport parameters under unsaturated conditions. Soil Science Society of America Journal 73:1938-
1946.

10. Tang, G., Mayes, M.A., Parker, J.C., Yin, X.L., Watson, D.B., and Jardine, P.M. 2009. Improving
parameter estimation for column experiments by multi-model evaluation and comparison. Journal of
Hydrology 376, 567-578. doi:10.1016/j.jhydrol.2009.07.063.

11. Tang, G., Perfect, E., van den Berg, E. H., Mayes, M. A. and Parker, J. C. 2008. Estimating effective
hydraulic parameters of unsaturated layered sediments using a Cantor Bar composite medium model.
Vadose Zone Journal 7:493-499 (doi:10.2136/vzj2007.0013).

12. Pace, M.N., Mayes, M.A., Jardine, P.M., McKay, L.D, Yin, X.L., Mehlhorn, T.L., Liu, Q., and H.
Giirleyiik. 2007. Transport of Sr** and STEDTA? in partially-saturated and heterogeneous sediments.
Journal of Contaminant Hydrology 91:267-287 (doi:10.1016/j.jconhyd.2006.11.006).

13. Gwo, J.-P., Mayes, M.A., and Jardine, P.M. 2007. Quantifying the physical and chemical mass
transfer processes for the fate and transport of Co(I)EDTA in a partially-weathered limestone-shale
saprolite. Journal of Contaminant Hydrology 90:184-202 (doi:10.1016/j.jconhyd.2006.09.013).

14. Ginder-Vogel, M., Borch, T., Mayes, M.A., Jardine, P.M., and Fendorf, S.E. 2005. Chromate
reduction and retention processes within Hanford sediments. Environmental Science and Technology
39:7833-7839.

15. Mayes, M.A., Jardine, P.M., Mehlhorn, T.L., Bjornstad, B.N., Ladd, J.L., and Zachara, J.M. 2003.
Transport of multiple tracers in variably saturated humid region structured soils and semi-arid region
laminated sediments. Journal of Hydrology 275: 141-161.

16. Gwo, J.P., D’Azevedo, E.F., Frenzel, H., Mayes, M.A., Yeh, G.-T., Jardine, P.M., Salvage, K.M., and
Hoffman, F.M. 2001. HBGC123D: a high performance computer model of coupled hydrological
and biogeochemical processes. Computer and Geosciences 27: 1231-1242.

Synergistic Activities

Projects: Principal Investigator, Incorporating Molecular-Scale Mechanisms Stabilizing Soil Organic
Carbon into Terrestrial Carbon Cycle Models, Oak Ridge National Lab Laboratory Directors Research
and Development Program; Theme Leader (Formation of Stabilized Carbon in Soils), Carbon Mitigation
Scientific Focus Area, U.S. Dept. of Energy Office of Biological and Environmental Research Climate
Change Research Division; Principal Investigator, Mobility of Particulate and Dissolved Munitions
Constituents in the Vadose Zone at Operational Ranges, U.S. Dept. of Defense Strategic Environmental
Research and Development Program; External Collaborator, Role of Microenvironments and Transition
Zones in Subsurface Reactive Contaminant Transport, U.S. Dept. of Energy Subsurface Biogeochemical
Research Program Pacific Northwest National Laboratory Subsurface Focus Area; Principal Investigator,
Hydrological Safety of New Nuclear Power Plants, U.S. Nuclear Regulatory Commission.

Collaborators and Co-Editors

J. Amonette (PNNL), K. Magrini (NREL), W. Post (ORNL), H. Ambaye (ORNL), Petridis, L. (ORNL),
L. McKay (U. Tennessee), E. Perfect (U. Tennessee), P. Jardine (U. Tennessee), J. Biggerstaff (U.
Tennessee), J. Zhang (U. Tennessee), F. Zhang (ORNL), J. Parker (U. Tennessee), S. Fendorf (Stanford
University), S. Brooks (ORNL), J.-P. Gwo (NRC).

Graduate and Postdoctoral Advisors
P. Jardine (ORNL), L. McKay (U. Tennessee), C. Mora (U. Tennessee).
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Karis J. Mcfarlane

Center for Accelerator Mass Spectrometry
Lawrence Livermore National Laboratory
7000 East Ave., L-397

Livermore, CA 94550

E-mail: mcfarlane3@lInl.gov

Education

2007  Forest Engineering , Oregon State University, PhD

2003  Forest & Natural Res. Mgmt, SUNY College of Envir Sci & Forestry, M.S.
2001 Environmental Science, DePaul University, B.A.

Professional Experience

2007-present Post-Doctoral Research Staff Member, Center for Accelerator Mass
Spectrometry, Lawrence Livermore National Laboratory

Related Publications

1.

McFarlane KJ, Torn MS, Hanson PJ, Porras RC, Swanston CW, Callaham MA Jr., Guilderson TP
(201?) Comparison of soil organic matter dynamics at five temperate deciduous forests with physical
fractionation and radiocarbon measurements. Biogeochemistry (accepted pending revisions).
McFarlane KJ, Schoenholtz SH, Perakis SS, Powers RF. Soil organic matter quality and dynamics in
ponderosa pine forests along a productivity gradient in northern California. Soil Science Society of
America. (in review).

Yanai RD, McFarlane KJ, Lucash MS, Joslin JD, Kulpa SE. Similarity of nutrient uptake and root
dimensions of Engelmann spruce and subalpine fir at two contrasting sites in Colorado. Forest
Ecology and Management. (accepted).

McFarlane KJ, Schoenholtz SH, Powers RF (2009) Plantation management intensity affects
belowground carbon and nitrogen Storage in northern California. Soil Science Society of America
Journal: 73, pp 1020-1032.

Lucash MS, Eissenstat DM, Joslin JD, McFarlane KJ, Yanai RD (2007) Estimating nutrient uptake by
mature tree roots under field conditions: challenges and opportunities. Trees: 21, pp. 593-603.
McFarlane KJ, RD Yanai (2006) Measuring nitrogen and phosphorus uptake by intact roots of mature
Acer saccharum Marsh., Pinus resinosa Ait., and Picea abies (L.) Karst. Plant and Soil: 279, pp. 163-
172.
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Richard J. Norby

Corporate Research Fellow
Oak Ridge National Laboratory
Phone: (865) 576-5261

Email: rin@ornl.gov

Education and Training
1981 University of Wisconsin-Madison, Forestry and Botany, Ph.D.
1972 Carleton College, Chemistry, B.S.

Research and Professional Experience
2007-Present Present Corporate Research Fellow, Environmental Sciences Division, Oak Ridge

National Laboratory, Oak Ridge, TN.

2001-2007 Distinguished R&D Staff Member, Environmental Sciences Division, Oak Ridge

National Laboratory, Oak Ridge, TN

1996-2001 Senior Research Staff Member, Environmental Sciences Division, Oak Ridge National

Laboratory, Oak Ridge, TN

1987-1996 Research Staff Member Environmental Sciences Division, Oak Ridge National

Laboratory, Oak Ridge, TN

1985 -1987 Research Associate, Environmental Sciences Division, Oak Ridge National

Laboratory, Oak Ridge, TN

2011-present Joint Professor, Center for Interdisciplinary Research and Graduate Education,

University of Tennessee Knoxville

1988-Present Adjunct professor, Department of Ecology and Evolutionary Biology, University of

Tennessee-Knoxville

1983-1985 Research Associate, Department of Ecology and Evolutionary Biology, University of

Tennessee-Knoxville

Selected Publications

1.

w

Iversen CM, Hooker T, Classen AT, Norby RJ. 2011. Net mineralization of N at deeper soil depths as
a potential mechanism for sustained forest production under elevated [CO,]. Global Change Biology
17:1130-1139.

Norby RJ, Zak DR. 2011. Ecological lessons from free-air CO, enrichment (FACE) experiments
.Annual Review of Ecology, Evolution, and Systematics 42: 181-203.

Warren, JM, Potzelsberger E, Wullschleger SD, Thornton PE, Hasenauer H, Norby RJ. 2011.
Ecohydrological impact of reduced stomatal conductance in forests exposed to elevated
CO,.Ecohydrology 4: 196-210.

Norby RJ, Warren JM, Iversen CM, Medlyn BE, McMurtrie RE. 2010. CO, enhancement of forest
productivity constrained by limited nitrogen availability. Proceedings of the National Academy of
Sciences 107: 19368-19373.

McMurtrie RE, Norby RJ, Medlyn BE, Dewar RC, Pepper DA, Reich PB, Barton CVM. 2008. Why
is plant-growth response to elevated CO, amplified when water is limiting but reduced when nitrogen
is limiting? A growth-optimisation hypothesis. Functional Plant Biology 35: 521-534.

Norby RJ, DeLucia EH, Gielen B, Calfapietra C, Giardina CP,King JS, Ledford J, McCarthy HR,
Moore DJP, Ceulemans R, De Angelis P, Finzi AC, Karnosky DF, Kubiske ME, Lukac M, Pregitzer
KS, Scarascia-Mugnozza GE, Schlesinger WH, Oren R. 2005. Forest response to elevated CO, is
conserved across a broad range of productivity. Proceedings of the National Academy of Sciences
102: 18052-18056.

Norby RJ, Ledford J, Reilly CD, Miller NE, O’Neill EG. 2004. Fine root production dominates
response of a deciduous forest to atmospheric CO, enrichment. Proceedings of the National Academy
of Sciences 101: 9689-9693.
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9. Norby RJ, Luo Y. 2004. Evaluating ecosystem responses to rising atmospheric CO, and global
warming in a multi-factor world. New Phytologist 162: 281-294.

10. Rustad LE, Campbell JL, Marion GM, Norby RJ, Mitchell MJ, Hartley AE, Cornelissen JHC,
Gurevitch J, GCTE-NEWS. 2001. A meta-analysis of the response of soil respiration, net nitrogen
mineralization, and aboveground plant growth to experimental ecosystem warming. Oecologia
126:543-562.

11. Norby RJ, Wullschleger SD, Gunderson CA, Johnson DW, Ceulemans R. 1999. Tree responses to
rising CO,: Implications for the future forest. Plant, Cell and Environment 22: 683-714.

Synergistic Activities

1. Editorial activities: Environment Section Editor and Manager of U.S. office, New Phytologist, 1997 —
present; member, Board of Trustees, New Phytologist Trust, 2005 — present; Associate Editor,
Journal of Plant Ecology, 2008 — present; Editorial Board, Ecological Applications, 1998 — 2002.

2. Leader, working group on “Benchmarking Ecosystem Response Models with Experimental Data
from Long-term CO, Enrichment Experiments”, National Center for Ecological Analysis and
Synthesis, 2008-2010.

3. Committee assignments: Member, Science Steering Group for the North American Carbon Program

(NACP), 2005-2008; Member, Scientific Steering Committee, Terrestrial Ecosystem Responses to

Atmospheric and Climatic Change (NSF network activity), 2001- 2007; Task Leader, Global Change

and Terrestrial Ecosystems, Focus 1, 1997-2003

Contributing author, "Climate Change Impacts on Forests", In: Climate Change 1995.

Contribution of Working Group 11 to the Second Assessment Report of the Intergovernmental Panel

on Climate Change. Cambridge University Press, 1996.

6. Organizer of New Phytologist Symposium, “Stoichiometric Flexibility in Terrestrial Ecosystems
Under Global Change”, Oracle, Arizona, September, 2011; New Phytologist Symposium, “Carbon
Cycling in Tropical Ecosystems”, Guangzhou, China, November, 2009; New Phytologist Symposium
“Functional Genomics of Environmental Adaptation in Populus”, Gatlinburg, Tennessee, October,
2004; TERACC workshop, “Interactions Between Increasing CO, and Temperature in Terrestrial
Ecosystems”, Lake Tahoe, California, April, 2003; GCTE/New Phytologist Symposium, “Fine Root
Dynamics and Global Change: An Ecosystem Perspective”, Townsend, Tennessee, October, 1999.

o ks

Collaborators and Co-Editors

Ainsworth EA (U IlIl.), Amthor JS (U. Sydney), Austin EE (U Tenn.), Barton CVM (U. Western Sydney),
Belote RT (Wilderness Soc.), Brosi GB (U. Ken.), Bush LP (U Ken), Calfapietra C (U Tuscia), Campany
CE (U Nev- Reno), Castro HF (ORNL), Chen X (Ala. A&M), Classen AT (U Tenn.), Crous KY (ANU
Canberra), Dewar RC (ANU), Dukes JS (Purdue), Ellsworth DS (U Wes. Sydney), Engel EC (UNLV),
Evans R (UTK), Finzi A (Boston U), Franklin O (IIASA), Garten CT Jr. (ORNL), Gu L (ORNL), Hanson
PJ (ORNL), lversen CM (ORNL), Kardol P (SLU, Umea), Lerdau MT (U Vir), Luo Y (U. Okla.),
McCulley RL (U Ken), McMurtrie RE (U NSW, Sydney), Medlyn BE (Macquarie U), Natali SM (U Fla),
Nelson JA (U Ken), Oren R (Duke), Pepper DA (U NSW, Sydney), Post WM (ORNL), Pétzelsberger E
(BOKU Vienna), Reich PB (U. Minn.), Sanudo-Wilhelmy SA (USC), Schadt CW (ORNL), Souza L (U
Tenn), Thornton PE (ORNL), Tissue D (U Wes Sydney), Tuskan GA (ORNL), Villalpando SN
(Appalachian St. U), Warren JM (ORNL), Weltzin JF (Nat. Phenology Network), Weston D (ORNL),
Williams RS (Appalachian St. U), Wullschleger SD (ORNL), Zak DR (U Mich.)

Graduate and Postdoctoral Advisors
Graduate Advisor: TT Kozlowski (University of Wisconsin-Madison, retired); Postdoctoral Advisor: RJ
Luxmoore (Oak Ridge National Laboratory, retired)
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Brian J. Palik

USDA Forest Service, Northern Research Station
1831 Hwy. 169 East

Grand Rapids, MN 55744

E-mail: bpalik@fs.fed.us

Education

Ph.D. Michigan State University, Forest Ecology 1992
M.S. Michigan State University, Plant Ecology 1988
B.S. Alma College, Biology 1983

Organization for Tropical Studies Tropical Ecology 1987

Professional Experience
2007-present  Team Leader, Northern Research Station, USFS, Grand Rapids, MN
2002-2007 Project Leader, North Central Research Station, USFS, Grand Rapids, MN
1996-2002 Research Ecologist, North Central Research Station, USFS, Grand Rapids
1998-present  Adjunct Faculty, School of Forestry and Wood products, Mich Tech University
2000-present  Adjunct Associate Professor, Dept. of Forest Resources, University of Minnesota
1993-1996 Assistant Scientist, Joseph W. Jones Ecological Research Center, Newton
Adjunct Faculty: University of Minnesota, Mich Tech University, lowa State University,
Lakehead University

Professional Service and Recognition
2007-present  Science Advisory Committee, Natural Resources Research Institute, U of MN
2006 Technology Transfer Award, Northern Research Station, USFS
2004-present Member, Riparian Science Technical Committee, MN Forest Resources Council
2003-2009 Member-National Experimental Forest Working Group, USDA Forest Service
1998 Presidential Award for Early Career Scientists and Engineers
1997 Chief’s Early Career Scientist Award, USDA Forest Service
Member: Society of American Foresters, Forest Guild
Peer Reviewer: Ecology, Can. J. For. Res., J. of Ecol., Am. Midl. Nat., J. of Veg. Sci., Biotropica, For.
Ecol. Manage. J. of For. Res., Plant Eco., For. Sci., Cons. Ecol., Land. Ecol., For. Snow, Lands. Res., J.
of For., J. Biog., Northwest Sci., USDA Competitive Grants, NSF Competitive Grants, British Columbia
Forest Service

Related Publications

Bradford JB, Palik PJ (2009) A comparison of thinning methods in red pine: consequences for stand-level
growth and tree diameter. Canadian Journal of Forest Research 39: 489-496.

Powers MD, Pregitzer KS, Palik BJ (2009) Physiological performance of three pine species provides
evidence for gap partitioning. Forest Ecology and Management 256: 2127-2135.

Powers MD, Webster CR, Pregitzer KS, Palik BJ (2009) Spatial dynamics of radial growth and growth
efficiency in residual Pinus resinosa following aggregated retention harvesting. Can J. For. Res. 39:
109-117.

Goebel PC, Pregitzer K, Palik B (2009) Flooding Versus Landform Effects on Plant Communities of
Riparian Areas in Old-Growth Northern Hardwood Ecosystems. Wetlands (In press).

Powers MD, Pregitzer KS, Palik BJ (2008) d*® and d*® trends across overstory environments in whole
foliage and cellulose of three Pinus species. JASMS 19:1330-1335.

Palik B, Streblow D, Egeland L, Buech R (2007) Landscape variation of seasonal pool plant communities
in forests of northern Minnesota, USA. Wetlands 27: 12-23.

Pecot SD, Mitchell RJ, Palik BJ, Moser EB, Hiers JK (2007) Competitive responses of seedlings and
understory plants in longleaf pine woodlands: separating canopy influences above and below ground.
Can. J. For. Res. 37: 634-648.

Franklin JF, Mitchell RJ, Palik BJ (2007) Natural disturbance and stand development principles for
ecological forestry. USDA Forest Service General Technical Report NRS-19.

111



Goebel CP, Pregitzer KS, Palik BJ (2006) Landscape hierarchies influence riparian ground-flora
communities in Wisconsin, USA. Forest Ecology and Management 230: 43-54.

Schulte LA, Mitchell RJ, Hunter ML, Franklin JF, Mcintyre KR, Palik BJ (2006) Evaluating the
conceptual tools for forest biodiversity conservation and their implementation in the U.S. Forest
Ecology and Management 232: 1-11.

Palik B, Batzer D, Kern C (2006) Upland forest linkages to seasonal wetlands: litter flux, processing, and
food quality. Ecosystems 9: 142-151.

Seymour RS, Guldin J, Marshall D, Palik B (2006) Large-scale, long-term silvicultural experiments in
the United States: historical overview and contemporary examples. Allgemeine Forst Und
Jagdseitung. 177(6/7): 104-112.

Palik B, Mitchell RJ, Pecot S, Battaglia M, Mou P (2003) Spatial distribution of overstory retention
influences resources and growth of longleaf pine seedlings. Ecological Applications 13: 674-686.

Goebel PC, Palik BJ, Pregitzer KS (2003) Plant diversity contributions of riparian areas in watersheds of
the northern Lake States, USA. Ecological Applications, 13:1595-1609.

Kern C, Palik B, Strong T (2005) Ground-layer plant community responses to even-age and uneven-age
silvicultural treatments in Wisconsin northern hardwood forests. For. Ecol. Manage. 230: 162-170.

Palik B, Batzer D, Buech R, Nichols D, Cease K, Egeland L, Streblow D (2001) Seasonal pond
characteristics across a chronosequence of adjacent forest ages in northern Minnesota. Wetlands 21:
532-542.

Kirkman LK, Goebel PC, West L, Drew MB, Palik BJ (2000) Depressional wetland vegetation types: a
guestion of plant community development. Wetlands 20: 373-385.

Mitchell RJ, Kirkman LK, Pecot SD, Wilson CA, Palik BJ, Boring LR (1999) Patterns and controls of
ecosystem function in longleaf pine-wiregrass savannas: . aboveground net primary productivity.
Canadian Journal of Forest Research 29: 743-751.

Palik BJ, Mitchell R, Houseal G, Pederson N (1997) Effects of canopy structure on resource availability
and seedling responses in a longleaf pine ecosystem. Canadian Journal of Forest Research 27: 1458-
1464.
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Stephen G. Pallardy
Department of Forestry
University of Missouri
Columbia, MO 65211

E-mail: PallardyS@missouri.edu

Education

Ph. D. University of Wisconsin, Forestry and Botany 1978
M. S. University of Illinois Forestry 1975
B. S. University of lllinois Forestry 1973

Professional Experience

2003-2006 Department Chair, University of Missouri-Columbia
1989-present  Professor, University of Missouri-Columbia
1984-1989 Associate Professor, University of Missouri-Columbia
1980-1984 Assistant Professor, University of Missouri-Columbia
1979 Assistant Professor, Kansas State University

Professional Activities
Author or co-author of four widely used texts in woody plant physiology:
Physiological Ecology of Woody Plants-1991; with P. J. Kramer and T. T. Kozlowski.
Physiology of Woody Plants, 2E-1997; with T. T. Kozlowski.
Growth Control in Woody Plants-1997; with T. T. Kozlowski.
Physiology of Woody Plants, 3E-2008
Service on a variety of research review panels:

1986, 1987, 1988 USDA Competitive Grants Panel: Forest Biology

1987 National Acid Precipitation Assessment Program, Terrestrial Effects Peer

1988 Review Panel (Tree Physiology) Department of Energy, Short Rotation Woody
Crops Peer Review Panel

1989 USDA Competitive Grants Panel: Stratospheric Ozone Depletion Effects on

Crop Productivity Grants
Apr 1998, Oct 1998, Apr 2001
NSF Ecological and Evolutionary Physiology Panel
2000, (2002) USDA NRI Competitive Grants Panel: Plant Responses to the Environment
Program
Program/Panel Manager service:
USDA Forest Biology Competitive Grants Program Manager FY1990
USDA NRI Competitive Grants Panel Manager: Plant Responses to the Environment Program FY2003
Editorial Service:
Associate Editor, Forest Science 1984-1993; Associate Editor, Forest Ecology and Management 1996-
1999; Editorial Review Board, Tree Physiology 1998-present

Related Publications

Gu L, Massman WJ, Leuning R, Pallardy SG, Meyers T, Hanson PJ, Riggs JS, Hosman KP, Yang B
(2012) The fundamental equation of eddy covariance and its application in flux measurements.
Agricultural and Forest Meteorology 152:135-148; doi:10.1016/j.agrformet.2011.09.014

Obrist D, Johnson DW, Lindberg SE, Luo Y, Hararuk O, Bracho R, Battles JJ, Dail DB, Edmonds RL,
Monson RK, Ollinger SV, Pallardy SG, Pregitzer KS, Todd DE (2011) Mercury distribution across
14 US forests. Part I: spatial patterns of concentrations in biomass, litter, and soils. Environ. Sci
Technol. 45(9):3974-3981

Gu LH, Pallardy SG, Tu K, Law BE, Wullschleger SD. (2010) Reliable estimation of biochemical
parameters from C(3) leaf photosynthesis-intercellular carbon dioxide response curves. Plant Cell and
Environment 33(11):1852-1874.

113



Yang B, Pallardy SG, Meyers TP, Gu LH, Hanson PJ, Wullschleger SD, Heuer M, Hosman KP, Riggs JS,
Sluss DW (2010) Environmental controls on water use efficiency during sever drought in an Ozark
forest in Missouri, USA. Global Change Biology. 16(8): 2252-2271.

Belden AC, Pallardy SG (2009) Successional trends and apparent Acer saccharum
regeneration failure in an oak-hickory forest in central Missouri, USA. Plant Ecol. (in press)

Gu L, Hanson PJ, Post WM, Kaiser DP, Yang B, Nemani R, Pallardy SG, Myers TP (2008) The 2007
Eastern US Spring Freeze: Increased Cold Damage in a Warming World? BioScience 58:253-262

Pallardy SG (2008) Physiology of Woody Plants. Third Edition. Elsevier/Academic Press, San Diego.
454 p.

Yang B, Hanson PJ, Riggs JS, Pallardy SG, Heuer M, Hosman KP, Myers TP, Wullschleger SD, Gu LH
(2007) Biases of CO, storage in eddy flux measurements in a forest pertinent to vertical configuration
of a profile system and CO, density averaging. J. Geophys. Res 112, D20123.

Gu L, Meyers T, Pallardy SG, Hanson PJ, Yang,B, Heuer M, Hosman KP, Riggs JS, Sluss D,
Waullschleger SD (2007) Influences of biomass heat and biochemical energy storages on the land
surface fluxes and radiative temperature. J. Geophys. Res. D: - Atmospheres 112, D02107.

Gu, L, Meyers T, Pallardy SG, Hanson PJ, Yang B, Heuer M, Hosman KP, Riggs JS, Sluss D,
Waullschleger SD (2006) Direct and indirect effects of atmospheric conditions and soil moisture on
surface energy partitioning revealed by a prolonged drought at a temperate forest site. J. Geophys.
Res. D: - Atmospheres 111, D16102.

Kozlowski TT, Pallardy SG (2002) Acclimation and adaptive responses of woody plants to environmental
stresses. Bot. Rev. 68: 270-334.

Loewenstein NJ, Pallardy SG (1998) Drought tolerance, xylem sap abscisic acid and
stomatal conductance during soil drying: A comparison of canopy trees of three temperate deciduous
angiosperms Tree Physiol. 18: 431-440.

Pallardy SG, Nigh TA, Garrett HE (1988) Changes in deciduous forest composition in central Missouri:
1968-1982. Amer. Midl. Nat. 120:380-390.

Bahari ZS, Pallardy G, Parker WC (1985) Photosynthesis, water relations and drought adaptation in six
woody species of the oak-hickory forest type. For. Sci. 31: 557-569.

114



Wilfred M. Post

Senior Research Scientist

Oak Ridge National Laboratory,
Phone: (865) 576-3431

Email: postwmiii@ornl.gov

Education and Training
1978
1975
1971

University of Tennessee-Knoxville, Ecology, PhD
University of Wisconsin-Madison, Botany, MS
University of Wisconsin-Madison, Mathematics, BS

Research and Professional Experience

1997-Present

1985-Present

1980-1997

1978-1980

Publications
1.

2.

Senior Research Scientist. Environmental Sciences Division, Oak Ridge National
Laboratory. Particular emphasis is in the area of global terrestrial ecosystem carbon
cycling and relationships of ecosystem dynamics to environmental, edaphic, and
biological conditions. A recognized expert on soil carbon dynamics, nutrient
relationships between soil and vegetation, and the impact of species composition on
ecosystem processes. Recent work centers on developing data-assimilation methods to
confront terrestrial ecosystem models with data from a variety of sources (atmospheric
trace gas measurements, eddy-covariance networks, soil and biomass inventories) to
estimate model parameters and initial conditions and to improve ecosystem models.
Adjunct Professor. Department of Ecology and Evolutionary Biology, University of
Tennessee-Knoxville.

Research Staff Member. Environmental Sciences Division, Oak Ridge National
Laboratory.

Postdoctoral Research Fellow. University of Tennessee-Knoxville

Yang, X., V. Wittig, A. Jain and W.M. Post 2009. Integration of nitrogen dynamics into a global
terrestrial ecosystem model. Global Biogeochemical Cycles 23, 4, doi:10.1029/2009GB003474.

Jain, A., X. Yang,H. Keshgi, A.D. McGuire, W.M. Post, and D. Kicklighter. 2009. Nitrogen
attenuation of terrestrial carbon cycle to global environmental factors. Global Biogeochemical Cycles
23, 4, doi:10.1029/2009GB003519.

Post, W.M., J.E. Amonette, R. Birdsey, C.T. Garten Jr., R.C.lzaurralde, P.M. Jardine, J. Jastrow, R.
Lal, G. Marland, B.A. McCarl, A.M. Thomson, T.O. West, S.D. Wullschleger, and F.B. Metting
2009. Terrestrial Biological Carbon Sequestration: Science for Enhancement and Implementation. In
(B. McPherson and E. Sundquist, eds.) Carbon Sequestration and Its Role in the Global Carbon
Cycle. American Geophysical Union, Geophysical Monograph Series 183. pp.73-88.

Liu, Q., L. Gu, R.E. Dickinson, Y. Tian, L. Zhou and W.M. Post 2008. Assimilation of Satellite
Reflectance Data into a Dynamical Leaf Model to Infer Seasonally Varying Leaf Area for Climate
and Carbon Models. Journal of Geophysical Research — Atmosphere 113, D19113, doi:
10.1029/2007JD009645.

Gu, L., P.J. Hanson. W. M. Post, and Q. Liu 2008. A novel approach for estimating the true
environmental sensitivity of soil respiration. Global Biogeochemical Cycles 22, GB4009,
d0i:10.1029/2007GB003164.

Gu, L., P.J. Hanson, W.M. Post, D. P. Kaiser, B. Yang, R. Nemani, S. G. Pallardy and T. Meyers
2008. The 2007 eastern US spring freeze: increased cold damage in a warming world? BioScience 58:

253-262.

Izaurralde, R.C., J.R. Williams, W.M. Post, A.M. Thomson, W.B. McGill, L.B. Owens, and R. Lal
2007. Long-term modeling of soil C erosion and sequestration at the small watershed scale. Climatic
Change. 80:73-90.

King, AW., C.A. Gunderson, W.M. Post, D.J. Weston, S.D. Wullschleger 2006. Plant respiration in a
warmer world. Science 312:356-357.
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10.

11.

12.

13.

14.

15.

Jain, A.K., T.O. West, X. Yang, and W.M. Post. 2005. Assessing the Impact of Changes in Climate
and CO, on Potential Carbon Sequestration in Agricultural Soils. Geophysical Research Letters 32,
L19711, doi:10.1029/2005GL023922.

Post W.M., R.C. lzaurralde, J.D. Jastrow, B.A. McCarl, J.E. Amonette, V.L. Bailey, P.M. Jardine,
T.O. West, J. Zhou 2004. Carbon sequestration enhancement in U.S. soils. BioScience 54:895-908.
Johnston, C.A., P. Groffman, D.D. Breshears, Z.G. Cardon, W. Currie, W. Emanuel, J. Gaudinski,
R.B. Jackson, K. Lajtha, K. Nadelhoffer, D. Nelson Jr., W.M. Post, G. Retallack, L. Wielopolski
2004. Carbon cycling in soil. Frontiers in Ecology and the Environment 2:522-528.

Gu, L., W.M. Post, and A.W. King. 2003. Fast labile carbon turnover obscures sensitivity of
heterotrophic respiration from soils to temperature: a model analysis. Global Biogeochemical Cycles,
18, GB1022, d0i:10.1029/2003GB002119.

Post, W.M., R.C. Izaurralde, L.K. Mann, and N. Bliss 2001. Monitoring and Verifying Changes of
Organic Carbon in Soil. Climatic Change 51:73-99.

Post, W. M., and K. C. Kwon. 2000. Soil carbon sequestration and land-use change: processes and
potential. Global Change Biology 6:317-328.

Paustian, K., E. Levine, W. M. Post, and I. M. Ryzhova 1997. The use of models to integrate
information and understanding of soil C at the regional scale. Geoderma 79:227-260.

Post, W. M., A. W. King, and S. D. Wullschleger 1997. Historical variations in terrestrial biospheric
carbon storage. Global Biogeochemical Cycles 11:99--1009.

Synergistic Activities

1.

2.

3.

Member, IPCC Task Group on Data and Scenario Support for Impacts and Climate Analysis
(TGICA)

Member, Integrated Assessment Modeling Consortium New Scenarios (RCP) Scientific Working
Group

Contributing Author, Climate Change Science Program, Synthesis and Assessment Product 4.3.

Collaborators and Co-Editors

Gregg Marland, Anthony King, Michael Huston, Tristram West, Charles Garten, Stan Wullschleger, Paul
Hanson, Hank Shugart, William Emanuel, Roger Dahlman, Elaine Matthews, Elizabeth Holland, James
Shultzman, Susan Trumbore, Julia Gaudinski, Margaret Torn, Bill Riley, Celine Bonfils, John Southon,
Cesar lzaurralde, Allison Thomson, Rattan Lal, Laurie Drinkwater, Julie Jastrow, Michael Miller, Gary
Jacobs, Carl Tretton, Rosier Matamala, Chuck Garten, Melanie Mayes, Johann Six, Bruce McCarl,
Jimmy Williams, Atul Jain, Andrew Jacobson, Deborah Huntzinger, Bob Cook, Peter Thornton, John
Drake, David Erickson, Forrest Hoffman, Julie Jastrow, Roser Matamala, Michael Miller, Margaret Torn,
William RileyAnthony King, Richard Norby, Lianhong Gu, Tristram West

Graduate and Postdoctoral Advisors

Timothy Allen (University of Wisconsin, Madison)
Herman H. Shugart (University of Virginia)
Donald DeAngelis (U.S.G.S., Miami FL)
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Daniel M. Ricciuto
Environmental Sciences Division
Oak Ridge National Laboratory
Phone: (865) 574-7067

E-mail: ricciutodm@ornl.gov

Education and Training
Duke University, Durham, NC B.S. Physics, 2000
The Pennsylvania State University, University Park, PA Ph.D. Meteorology, 2006

Research and Professional Experience
2010-present Research Staff Member, Environmental Sciences Division, Oak Ridge

National Laboratory, Oak Ridge, TN

2007-2010 Postdoctoral Associate, Environmental Sciences Division, Oak Ridge National
Laboratory, Oak Ridge, TN

2006-2006 Postdoctoral Associate, Department of Meteorology, The Pennsylvania State
University, University Park, PA

2000-2006 Research Assistant, Department of Meteorology, The Pennsylvania State
University, University Park, PA

Publications

1. Ricciuto DM, King AW, Dragoni D, Post WM (2011). Parameter and prediction uncertainty in an

optimized terrestrial carbon cycle model: Effects of constraining variables and data record length,
Journal of Geophysical Research — Biogeoscienes, 116, doi:10.1029/2010JG001400.

. Fox, A, Williams M, Richardson AD, Cameron D, Gove JH, Quaife T, Ricciuto DM, Reichstein M,

Tomelleri E, Trudinger C, van Wijk MT (2009). Comparing different algorithms and implementations
for the inversion of a terrestrial ecosystem model against eddy covariance data, Agricultural and
Forest Meteorology, 149(10), 1597-1615.

Ricciuto DM, Butler MP, Davis KJ, Cook BD, Bakwin P, Andrews A, Teclaw RM (2008) Causes of
interannual variability in ecosystem-atmosphere CO, exchange in a northern Wisconsin forest using a
Bayesian model calibration. Agricultural and Forest Meteorology 148:309-327.

Ricciuto DM, Davis KJ, Keller K (2008) A Bayesian calibration of a simple carbon cycle model: The
role of observations in estimating and reducing uncertainty. Global Biogeochemical Cycles 22(2).
Heinsch FA, Zhao MS, Running SW, Kimball JS, Nemani RR, Davis KJ, Bolstad PV, Cook BD,
Desai AR, Ricciuto DM, Law BE, Oechel WC, Kwon H, Luo HY, Wofsy SC, Dunn AL, Munger JW,
Baldocchi DD, Xu LK, Hollinger DY, Richardson AD, Stoy PC, Siqueira MBS, Monson RK, Burns
SP, Flanagan LB (2006). Evaluation of remote sensing based terrestrial productivity from MODIS
using regional tower eddy flux network observations. IEEE Transactions on Geoscience and Remote
Sensing, 44:1908-1925.

Richardson, AD, Hollinger DY, Burba GG, Davis KJ, Flanagan LB, Katul GG, Munger JW, Ricciuto
DM, Stoy PC, Suyker AE, Verma SB, Wofsy SC, 2006. A multi-site analysis of random error in
tower-based measurements of carbon and energy fluxes. Agricultural and Forest Meteorology, 136:1-
18.

. Wang W, Davis KJ, Cook BD, Bakwin PS, Yi C, Butler MP, Ricciuto DM (2005) Surface layer CO,

budget and advective contributions to measurements of net ecosystem-atmosphere exchange of CO..
Agricultural and Forest Meteorology, 135:202.

. Helliker, BR, Berry JA, Betts AK, Bakwin PS, Davis KJ, Denning AS, Ehleringer JR, Miller JB,

Butler MP, Ricciuto DM (2004) Estimates of net CO, flux by application of equilibrium boundary
layer concepts to CO, andwater vapor measurements from a tall tower, Journal of Geophysical
Research-Atmospheres, 109 (D20).

Hurwitz, MD, Ricciuto DM, Bakwin PS, Davis KJ, Wang WG, Yi CX, Butler MP (2004) Transport
of carbon dioxide in the presence of storm systems over a Northern Wisconsin forest, Journal of the
Atmospheric Sciences, 61 (5):607-618.
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10. Yi CX, Li RZ, Bakwin PS, Desai A, Ricciuto DM, Burns SP, Turnipseed AA, Wofsy SC, Munger
JW, Wilson K, Monson RK, 2004. A nonparametric method for separating photosynthesis and
respiration components in CO, flux measurements, Geophysical Research Letters, 31:17.

Synergistic Activities

1. Member of biogeochemical working group in FORECAST, NSF RCN for data assimilation and
ecological forecasting, 2010-present

2. Member of coordinating group for North American Carbon Program (NACP) interim site synthesis
model intercomparison, 2008-present

3. Session co-chair for AGU session on NACP site interim synthesis (Biogeochemistry), 2009, and for
AGU session on terrestrial controls of net ecosystem exchange, 2010.

4. Participant in team meeting for the Regional Flux Estimation Experiment (REFLEX), comparison of
data assimilation methodologies, 2008

5. Member, American Meteorological society, Smoky Mountains Chapter (2009-present)

Collaborators

Kenneth Davis (Penn State University), Klaus Keller (Penn State University), Michael Dietze (U.
Illinois), Habib Najm (Sandia National Laboratory), Cosmin Safta (Sandia National Laboratory), Khachik
Sargsyan (Sandia National Laboratory), Ruby Leung (Pacific Northwest National Laboratory), Maoyi
Huang (Pacific Northwest National Laboratory), Chuixiang Yi (Queens College), Beth Drewniak
(Argonne National Laboratory), Paul Hovland (Argonne National Laboratory), William Riley (Lawrence
Berkley National Laboratory), Christopher Schwalm (U. Northern Arizona), Danilo Dragoni (U. Indiana)
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Christopher Warren Schadt

Biosciences Division Department of Microbiology
Oak Ridge National Laboratory University of Tennessee

1 Bethel Valley Road M409 Walters Life Sciences
Oak Ridge, TN 37831-6038 Knoxville, TN 37996-0845
Email: schadtcw@ornl.gov Email: cschadt@utk.edu
Education

1996 University of Washington, Botany, B.S

2002 University of Colorado, Biology, Ph.D.

Research and professional experience
2010-present Associate Professor (Joint Faculty), Microbiology, Univ. of Tennessee
2007-present Staff Scientist, Biosciences Division, Oak Ridge National Laboratory

2007-2011 Group Leader for Molecular Microbial Ecology, ORNL
2007-2010 Adjunct Professor, Microbiology, University of Tennessee
2005-2006 Associate Staff Scientist, Environmental Sci. Div., ORNL
2003-2005 Postdoctoral Research Associate, Oak Ridge National Laboratory
2002-2003 Postdoctoral Research Associate, University of Colorado
1998-2002 Graduate Research Assistant, University of Colorado

Professional activities and honors

Faculty in Department of Microbiology and Genome Science and Technology at the University of
Tennessee, 2007-present

Review Panel Member, National Science Foundation, 2007 & 2011

Steering Committee, JGI-LSP Fungal Genome Sequencing Initiative, 2006-2007

Biological and Environmental Sciences, Seminar Committee Chair, 2009-2010

ORNL Seed Money Proposal Review Committee 2008-Present

Regular reviewer for journals Applied & Environmental Microbiology; Environmental Microbiology;
Microbial Ecology; Molecular Ecology; Environmental Science & Technology; Science; Mycorrhiza;
Oecologia, New Phytologist, Arctic, Alpine & Antarctic Research and others; 1999-present

Select publications (10 most relevant of 47 total)

1.

Gottel, NR, HF Castro, M Kerley, ZK Yang, DA Pelletier, M Podar, T Karpinets E Uberbacher, GA
Tuskan, R Vilgalys, MJ Doktycz, CW Schadt. (2011). Populus deltoides roots harbor distinct
microbial communities within the endosphere and rhizosphere across contrasting soil types. Applied
and Environmental Microbiology 77:5934-5944

Degraff MA, AT Classen, HF Castro and CW Schadt. (2010) Labile soil carbon inputs mediate the
soil microbial community composition and plant residue decomposition rates. New Phytologist.
188:1055-1064

Reganold, JP, PK Andrews, JR Reeve, L Carpenter-Boggs, CW Schadt, JR Alldredge, CF Ross, NM
Davies, and J Zhou (2010) Fruit and soil quality of organic and conventional strawberry
agroecosystems. PLoS ONE. 5:e12346.

Reeve J, CW Schadt, L Carpenter-Boggs, S Kang, J Zhou and JP Reganold. (2010) Effects of soil
type and farm management on soil ecological functional genes and microbial activities. ISME
Journal 4:1099-1107

Castro, HF, AT Classen EA Austin, RJ Norby and CW Schadt (2010) Soil microbial community
responses to multiple climate change drivers. Applied and Envrionmental Microbiology. 76:999-
1007.

Austin, EA, HF Castro, KT Sides, CW Schadt, and AT Classen. (2009) Assessment of 10 years of
CO, fumigation on soil microbial communities and function in a sweetgum plantation. Soil Biology
and Biogeochemistry, 41:514-520

Berthrong, ST, CW Schadt, G Pifieiro and RB Jackson. (2009) Afforestation Alters the Composition
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of Functional Genes in Soil and Biogeochemical Processes in South American Grasslands. Applied
and Environmental Microbiology, 75:6240-6248

8. Nemergut DR, Townsent AR, Sattin SR, Freeman KR, Fierer N, Neff JC, Bowman WD, Schadt CW,
Weintraub MN and SK Schmidt. (2009) The effects of chronic nitrogen fertilization on alpine tundra
soil microbial communities: Implications for carbon and nitrogen cycling. Environmental
Microbiology 10:3093-310

9. Zhou, JZ, S Kang, CW Schadt and CT Garten (2008) Spatial Scaling of Functional Gene Diversity
across Various Microbial Taxa. Proceedings of the National Academy of Sciences 105:7768-7773

10. Schadt, CW, AP Martin, DA Lipson and SK Schmidt (2003) Seasonal dynamics of previously
unknown fungal lineages in tundra soils. Science 301:1359-1361.

Collaborators and coauthors

Adam Arkin (LBNL); Nicholas Basta (Ohio State); Craig C. Brandt (ORNL); Steven D. Brown (ORNL);
Aimee Classen (Univ. of Tennessee) Craig Criddle (Stanford Univ.); Mathew Fields (Montana State
Univ.); Noah Fierer (Univ of Colorado); Charles Garten (ORNL); Terry J. Gentry (Texas A&M Univ.);
Hiachun Gao (Univ. of Oklahoma); Robin L. Graham (ORNL); Terry Hazen (LBNL); Zhili He (Univ. of
Oklahoma); Robert Jackson (Duke); Phillip Jardine (Univ. of Tennessee) Martin Keller (ORNL); Keneth
Kemmner (Argonne N.L.) Joel Kostka (Florida State Univ.); Cheryl Kuske (LANL); Jean Marc
Moncalvo (University of Toronto); Arturo Massol (Univ. of Puerto Rico, Mayaguez); Diana Nemergut
(Univ. of Colorado); Richard Norby (ORNL); Anthony V. Palumbo (ORNL); Mircea Podar (ORNL);
Steven K. Schmidt (Univ. of Colorado); Dorthea Thompson (Purdue Univ.); Rytas Vilgalys (Duke
Univ.); Liyou Wu (Univ. of Oklahoma) Stan Wullschleger (ORNL); Chuanlun Zhang (Univ. of Georgia);
Jizhong Zhou (Univ. of Oklahoma)

Graduate and postdoctoral advisors and advisees

Dissertation Advisor: Steven K. Schmidt (University of Colorado)

Postdoctoral sponsors: Steven K. Schmidt (University of Colorado); Jizhong Zhou (ORNL)

Thesis Advisor or Postdoctoral Sponsor: Emily Austin (Univ. of Tennessee); Hector Castro Gonzalez
(UT/ORNL); Marie Anne De Graaff (ORNL), Thomas Gihring (ORNL), Sanghoon Kang (University of
Oklahoma); Enid Rodriguez (University of Puerto Rico, Mayaguez); Tarah Sullivan-Guest (ORNL); Neil
Gottel (UT/ORNL); Amudhan Venkateswaran (Vanderbilt); Gengxin Zhang (Chinese Acad. of Sci.)
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Stephen D. Sebestyen

Research Hydrologist

USDA Forest Service, Northern Research Station
Grand Rapids, MN

Phone: (218) 326-7108

Email: ssebestyen@fs.fed.us

Education and Training

Susquehanna University, Geological and Environmental Sciences, BS, 1997

Cornell University, Natural Resources (Program in Biogeochemical and Global Change), MS, 2000

State University of New York College of Environmental Science and Forestry, Forestry (Hydrology), PhD, 2008

Research and Professional Experience

2007 to present Research Hydrologist, Northern Research Station, USDA Forest Service, Grand Rapids, MN
2010 to present Adjunct Assistant Professor, Department of Forest Resources, Univ. of Minnesota, St. Paul, MN.
2010 to present Associate Graduate Faculty, Environmental Studies, Bemidji State University, Bemidji, MN.

Selected Publications

1. Pellerin B.A., Saraceno, J., Shanley, J.B., Sebestyen S.D., Aiken G.R., Wollheim W.M., &
Bergamaschi B.A. 2012, in press. Taking the pulse of snowmelt: In situ sensors reveal seasonal, event
and diurnal patterns of nitrate and dissolved organic matter variability in an upland forest stream.
Biogeochemistry.

2. Kolka R.K., Sebestyen S.D., Verry E.S., & Brooks K.N. 2011. Peatland biogeochemistry and
watershed hydrology at the Marcell Experimental Forest. CRC Press.

3. VidonP. G.-F., Allan C., Burns D.A., Duval T., Fanelli R., Gurwick N., Inamdar S., Lowrance R.,
Okay J., Scott D., & Sebestyen S.D. 2010. A review of hot spots and hot moments in riparian zones:
Opportunities for water quality and watershed management. J. Am. Water Resour. Assoc. 46: 278-
298.

4. Sebestyen, S. D., Boyer E.W., & Shanley J.B.. 2009. Responses of stream nitrate and dissolved
organic carbon loadings to hydrological forcing and climate change in an upland forest of the
northeast USA. Journal of Geophysical Research, G: Biogeosciences 114:G02002. DOI:
10.1029/2008JG000778

5. Sebestyen S.D., Shanley J.B., & Boyer E.W. 2009. Using high-frequency sampling to detect effects
of atmospheric pollutants on stream chemistry. Webb RMT, Semmens DJ, editors. Proceedings of the
Third Interagency Conference on Research in the Watersheds: Planning for an Uncertain Future:
Monitoring, Integration, and Adaptation. Scientific Investigations Report 2009-5049. Washington,
DC: US Geological Survey. pp. 171-176.

6. Sebestyen S. D., Boyer E. W., Shanley J. B., Doctor D. H., Kendall C., Aiken G. R., & Ohte N. 2008.
Sources, transformations, and hydrological processes that control stream nitrate and dissolved organic
matter concentrations during snowmelt at an upland forest. Water Resources Research,
44(12):wW12410

7. Doctor D. H., Kendall C, Sebestyen S. D., Shanley J. B., Ohte N, & Boyer E. W. 2008. Carbon
isotope fractionation of dissolved inorganic carbon (DIC) due to outgassing of carbon dioxide from a
headwater stream. Hydrological Processes, 22: 2410-2423, DOI:10.1002/hyp.6833.

Synergistic Activities

¢ In June 2009, | co-convened the Marcell Experimental Forest 50th Anniversary Symposium to
synthesize research findings from this long-term research site. The 3-day event drew >80 attendees.

e Since 2008, I have attended workshops sponsored by the USDA Forest Service; an NSF workshop;
Long-Term Ecological Research Program (Network Office) workshops; the North American Regional
Consultation for Global Environment Outlook 5 of the United Nations Environment Programme; and
the National Climate Assessment Physical Indicators Workshop.
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o Member of multiple groups spanning agencies and international academic institutions that are
synthesizing data from long-term catchment studies.

o Member: Am. Assoc. for the Advancement of Science, AGU, Int. Assoc. of Hydrological Sciences.

¢ | have convened nine sessions at American Geophysical Union (AGU) meetings, 2004 to present;
Student member of the Executive Committee of the Hydrology Section, AGU, 2006 to 2007.

Collaborators and Other Affiliations

Collaborators: George R. Aiken, USGS, Boulder, CO; Paul V. Bolstad, Univ. of Minnesota, St. Paul ;
Elizabeth W. Boyer, Pennsylvania State Univ.; John H. Bradford, USGS, Flagstaff, AZ; Ken N. Brooks,
Univ. of Minnesota, St. Paul ; Doug A. Burns, USGS, Troy, NY; John L. Campbell, Forest Service,
Durham, NH; Sheila F. Christopher, Virginia Tech; James B. Cotner, Univ. of Minnesota, St. Paul; Irena
F. Creed, Univ. of Western Ontario; Dan H. Doctor, USGS, Reston, VA; Sue L. Eggert, Forest Service,
Grand Rapids, MN; Emily Elliott, Univ. of Pittsburgh; Jacques C. Finlay, Univ. of Minnesota, St. Paul;
Christy L. Goodale, Cornell Univ.; Mark Green, Plymouth State Univ., Plymouth, NH; Natalie Griffiths,
Oak Ridge National Lab; Mark A. Hanson, Minnesota Dept. of Natural Resources, Bemidji, MN; Paul J.
Hanson, Oak Ridge National Lab; George Ice, National Council for Stream and Air Improvement Inc,
Corvallis, OR; Shreeram Inamdar, Univ. of Delaware; Jeff D. Jeremiason, Gustavus Adolphus College;
Sherri L. Johnson, Forest Service, Corvallis, OR; Julia Jones, Oregon State Univ.; Stuart Jones, Notre
Dame Univ.; Carol Kendall, USGS, Menlo Park, CA; Randy K. Kolka, Forest Service, Grand Rapids,
MN; Jennifer Knoepp, Forest Service, Otto, NC; Kevin J. McGuire, Virginia Tech; Jeff McKenzie,
McGill Univ.; Carl P Mitchell, Univ. of Toronto, Scarsborough; Ed A. Nater, Univ. of Minnesota, St.
Paul; John L. Nieber, Univ. of Minnesota, St. Paul ; Nobu Ohte, Univ. of Tokyo; Brian J. Palik, Forest
Service, Grand Rapids, MN; Andrew D. Parsekian, Rutgers Univ., Newark; Brian Pellerin, USGS,
Sacramento, CA; Tom Pypker, Michigan Tech; Don S. Ross, Univ. of Vermont; Charles C. Rhoades,
Forest Service, Ft. Collins, CO; Jamie B. Shanley, USGS, Montpelier, VT; Lee Slater, Rutgers Univ.,
Newark; Martin Tsui, University of Michigan, Ann Arbor, , E. Sandy Verry, Ellen River Associates,
Grand Rapids, MN; Jim Vose, Forest Service, Otto, NC; Jeff Warren, Oak Ridge National Lab; Brian
Weidel, USGS, Oneonta, NY; Markus Weiler, Albert-Ludwigs-Univ. of Freiburg, Germany; Kyungsoo
Y00, Univ. of Minnesota

Graduate Advisors:

PhD: Elizabeth W. Boyer, Penn State; Russell D. Briggs, State Univ. of New York College of
Environmental Science & Forestry;

MS: Rebecca L. Schneider, Cornell University.

Current Postdoctoral Advisees and Graduate Advisees/Collaborators:

post docs — Alba Argerich (post doc), OR State Univ. PhD students — Salli Dymond, Meghan Jacobson,
Mikhail Titov, Univ. of MN; Katelyn Watson, Boise State Univ., Boise, ID; MS students — Amy Luyttle,
Kathryn Resner, Univ. of MN; Stefan Bischof , Bemidji State Univ., Bemidji, MN.
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Xiaoying Shi

Associate Research Staff Scientist

Oak Ridge National Laboratory, Environmental Sciences Division
Phone: 865-241-9199

Email: shix@ornl.gov

Education and Training
2007 Graduate University of the Chinese Academy of Sciences, Atmospheric Sciences, PhD

2004 Chinese Academy of Atmospheric Sciences, Atmospheric Sciences, MS

Research and Professional Experience
2011.11-present R&D Staff/Scientist, Oak Ridge National Laboratory, Oak Ridge, TN.
2009.8-2011.10 Postdoctoral research Associate, Oak Ridge National Laboratory, Oak Ridge, TN.

2008.5-2009.5 Joint research scientist, Climate Change Research Center of University of New South Wales
and CSIRO Marine and Atmospheric Research, Australia.

2007.7-2008.4 Assistant researcher
State Key Laboratory of Severe Weather, Chinese Academy of Meteorological Sciences,
Beijing, China.

Publications

1. Shi Xiaoying, Jiafu Mao and Peter E. Thornton, 2011. The impact of climate change on runoff

2.

3.

10.

projected by CESML1 (finished and to be submitted to Journal of Climate)

Mao Jiafu, Xiaoying Shi and Peter E. Thornton, 2011. Causes of spring vegetation growth in the
Northern mid-high latitudes from 1982 to 2004 (accepted by Environmental Research Letters).

Mao Jiafu, Peter E. Thornton, Xiaoying Shi, Maosheng Zhao and Wilfred M. Post, 2011. Remote
sensing evaluation of CLM4 GPP for the period 2000 to 2009 (under review in Journal of Climate).
Shi Xiaoying, Jiaffu Mao, Peter E. Thornton, Forrest Hoffman and Wilfred M. Post, 2011. The
impact of climate change, CO,, nitrogen deposition and land use change on contemporary global river
flow, Geophysical Research Letters 38, L08704, doi:10.1029/2011GL046773.

Shi Xiaoying, Jiafu Mao, Yingping Wang, Yongjiu Dai and Xuli Tang, 2011. Coupling a Terrestrial
Biogeochemical model to the Common Land Model, Adv. Atmos. Sci., 28(5), 1-14

Mao Jiafu, Xiaoying Shi, Lijuan Ma, Dale P. Kaiser, Qingxiang Li and Peter E. Thornton, 2010.
Assessment of re-analysis daily extreme temperatures with China’s homogenized historical dataset
during 1979 to 2001 using Probability Density Functions, Journal of Climate 23(24): 6605-6623.

Shi Xiaoying, Xiaohui Shi and Jiafu Mao. Interdecadal variation of Water Vapor Transport over East
Asia and Its Impacts on Rainfall over Eastern China in summer. ACTA GEOGRAPHICA SINICA
(in Chinese with English Abstract), 2009, Vol.39, No.7.

Shi Xiaoying, Yuging Wang, Xu Xiangde, 2008. Effect of Mesoscale Topography over the Tibetan
Plateau on Summer Precipitation in China: A Regional Model Study. Geophys. Res. Lett., VOL. 35,
L19707, doi: 10.1029/2008GL034740.

Xu Xiangde, Xiaoying Shi, Yuging Wang, and et al, 2008. Data analyses and numerical simulation of
moisture source and transport associated with summer precipitation in the Yangtze River Valley over
China. Meteorol Atmos Phys, 100, 217-231.

Shi Xiaoying, Xiangde Xu, Hao Wang, Dayong Qin, 2008. Characteristics of Moisture Transport
Structure and its Variation Trend of Drought-Flood Anomalies over Middle and Lower Reaches of
the Yangtze River. Journal of Hydraulic Engineering (in Chinese with English Abstract), Vol.39,
No.5, 596-603.
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Academic activities

1.

10.

11.

Shi Xiaoying, Jiafu Mao and Peter E. Thornton, 2011. The impact of climate change on runoff
projected by CESM1, poster presented to American Geophysical Union, Fall Meeting 2011, San
Francisco, CA, December, 2011

Shi Xiaoying, Jiafu Mao, Peter E. Thornton, Forrest Hoffman and Wilfred M. Post, 2010. The impact
of climate change, CO,, nitrogen deposition and land use change on contemporary global river flow,
poster presented to American Geophysical Union, Fall Meeting 2010, San Francisco, CA, December,
2010

Shi Xiaoying, 2009. US-China Workshop on the Climate-Energy Nexus, Oak Ridge, USA,
November 11 to November 13, 20009.

Shi Xiaoying, 2009. North American Carbon Program Second Joint Workshop Site-level Interim
Synthesis Regional and Continental Interim Synthesis, Oak Ridge, USA, November 9 to November
11, 2009.

Shi Xiaoying, Jiafu Mao, 2008. Combination of CASACNP to Common Land Surface Model.
Presentation on CABLE workshop, Sydney, Australia, December 10, 2008.

Shi Xiaoying, Xu Xiangde, 2007. The moisture transport structure associated with drought/flooding
anomalies in Yangtzer River valley, presentation on Chinese Meteorological Society, Guangzhou,
Guangdong Province, China, November, 2007.

Shi Xiaoying, Xiaohui Shi, Xiangde Xu, 2007. Climatological Characteristics of Summertime
Moisture Budget over Southeastern Tibetan Plateau and Its Impacts, presentation on the fifth
workshop of China-Japan cooperation JICA Project, Huangshan , Anhui Province ,China, September
, 2007

Shi Xiaoying, Xiangde Xu, 2007. The impacts of subgrid topography over Tibetan Plateau on
structure of moisture transport and downstream summer precipitation, presentation on the Third
workshop of Expert workshop meeting for China-America STI cooperation research, Chengdu,
Sichuan Province, China, June, 2007

Shi Xiaoying, Xiangde Xu, 2007. The Interdecadal Variation of Water Vapor Transport over East
Asia Monsoon Areas and its relationship to Rainfall in China, presentation on the fourth workshop of
China-Japan cooperation JICA Project, Beijing, China, March, 2007

Shi Xiaoying, Xiangde Xu, 2006. Teleconnection Structure of Moisture Transport and Its
Interdecadal Variation Trend at Mid-low Latitude of Drought-flood Anormalies over Middle and
Lower Reaches of Yangtzer River Valley, presentation on workshop of Regional Climate and
Regional Environment, Taiwan, December, 2006

Shi Xiaoying, Xiangde Xu, 2006,The Channels of water VVapor Transport over Tibetan Plateau and
the effect of its Middle Scale Topography, presentation on the second workshop of China-Japan
cooperation JICA Project, chengdu , Sichuan Province ,China, October, 2006

Collaborators

Peter E. Thornton (ORNL), Jiafu Mao (ORNL), Forrest Hoffman (ORNL), Yingping Wang (CSIRO),
Eva Kowalcayk(CSIRO), Yuging Wang (University of Hawaii), Xiangde Xu (Chinese Academy of
Meteorological Sciences), Xiaohui Shi (Chinese Academy of Meteorological Sciences), Yongjiu Dai
(Beijing Normal University)

Graduate and Postdoctoral Advisors
Postdoctoral Advisor: Dr. Peter E. Thornton (ORNL)
Graduate Advisor: Professor Xiangde Xu (Chinese Academy of Meteorological Sciences)
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J. Megan Steinweg

Post-Doctoral Associate,

Oak Ridge National Laboratory, Biosciences and Environmental Sciences
865-241-3776

steinwegjm@ornl.gov

Education

2011 Colorado State University, Ecology, PhD

2007 Colorado State University, Ecology, MS

2005 Appalachian State University, Biology, BS

Research and Professional Experience

2011-present Post-Doctoral Associate, Oak Ridge National Laboratory, Oak Ridge, TN.
2009-2010 Guest Lecturer, Colorado State University

2007-2008 Graduate Teaching Assistant, Microbial Ecology, Colorado State University
Publications

1. Conant RT, Ryan MG, Agren Gl, Birge HE, Davidson EA, Eliasson PE, Evans SE, Frey SD,
Giardina CP, Hopkins FM, Hyvonen R, Kirschbaum MUF, Lavallee JM, Leifeld J, Parton WJ,
Steinweg JM, Wallenstein MD, Wetterstedt JAM, Bradford MA. (2011) Temperature and soil
organic matter decomposition rates — synthesis of current knowledge and a way forward. Global
Change Biology. 17(11):3392-3404 doi: 10.1111/j.1365-2486.2011.02496.x.

2. Wallenstein, M.D., Allison, S., Ernakovich, J., Steinweg, J.M., Sinsabaugh, R. Controls on the
temperature sensitivity of soil enzymes: A key driver of in- situ enzyme activity rates. (In press) for
“Soil Enzymology”. Girish Shukla and Ajit Varma, eds.

3. Plante, A.F., Ferndndez, J.M., Haddix, M.L., Steinweg, J.M., Conant, R.T. (2011), Biological,
chemical and thermal indices of soil organic matter stability in four grassland soils. Soil Biology and
Biochemistry. 43(5):1051-1058 doi: 10.1016/j.s0ilbio.211.01.024.

4. Haddix, M.L., Plante A.F., Conant R.T., Six J., Steinweg J.M., Magrini-Bair K., Drijber R.A., Morris
S.J.,Paul E.A (2011) The role of soil characteristics on temperature sensitivity of soil organic matter.
Soil Science Society of America Journal. 75(1):56-68 doi: 10.2136/sssaj2010.0118.

5. Steinweg J.M., Wallenstein, MD (2009) Indirect evidence for reduced enzyme turnover under
experimental drought at the Boston area climate experiment. Journal of Nematology. 41(4):382-383.

6. Ayres, E., Steltzer, H., Simmons, B.L., Simpson, R.T., Steinweg, J.M., Wallenstein, M.D., Mellor,
N., Parton, W.J., Moore, J.C., and Wall, D.H. (2009) Home-field advantage accelerates leaf litter
decomposition in forests. Soil Biology and Biochemistry, 41,606-610.

7. Steinweg, J.M, Plante, A.F., Conant, R.T., Paul, E.A., Tanaka, D.L. (2008) Patterns of substrate
utilization during long-term incubations at different temperatures. Soil Biology and Biochemistry, 40,
2722-2728.

8. Steinweg, J.M., Fisk M.C., McAlexander, B., Groffman P.M., Hardy, J.P. (2008) Experimental snow
pack reduction alters organic content and net N mineralization potential of soil macroaggregates in a
northern hardwood forest. Biology and Fertility of Soils, 45, 1-10.

9. Conant, R.T., Steinweg, J.M., Haddix, M.L., Paul, E.A., Plante, A.F., Six, J. (2008). Experimental
warming shows that decomposition temperature sensitivity increases with soil organic matter
recalcitrance. Ecology, 89, 2384-2391.

10. Conant, R.T., Drijber, R.A., Haddix, M.L., Parton, W.J., Paul, E.A., Plante, A.F., Six, J., and
Steinweg, J.M. (2008). Sensitivity of decomposition to warming varies with organic matter quality.
Global Change Biology, 14, 868-877.
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Presentations/Posters

1.

10.

11.

12.

13.

Jagadamma, S., Mayes, M., Steinweg, J.M., Post, W.M., Wang, G. Biological and Physico-chemical
Processes of Soil Organic Matter Cycling in Diverse Soils. American Geophysical Union Fall
meeting, 12/11.

Steinweg, J.M., Melle, C.J., Wallenstein, M.D. Unraveling climate change effects on soil
decomposition: Deciphering clues from microbial physiology, function and community composition.
Poster for the International Society of Microbial Ecology, Seattle, WA 08/10.
Wallenstein,M.D.,Steinweg, J.M., McMahon, S. Recent advancements in understanding the ecology
of soil extracellular enzymes. Presentation for the Soil Science Society of America annual meeting,
Pittsburgh, PA 11/09.

Dijkstra, F.A., Blumenthal, D., Morgan, J.A., Pendall, E., Steinweg, J.M., Wallenstein, M.D., Follett,
R.F. Warming-enhanced soil inorganic N availability may alleviate progressive N limitation under
elevated CO, in a semi-arid grassland. Poster for the annual meeting of the Western Society of Soil
Science, Fort Collins, 06/09.

Steinweg, J.M. Ernakovich, J.G., Prucha, J., Conant, R.T., Wallenstein, M.D. Soil microbial
temperature acclimation through changes in enzyme activity. Presentation for the summer meeting of
the Ecological Society of America. Milwaukee, W1 08/08.

Steinweg, J.M., Wallenstein, M.D., Conant, R.T. Microbial temperature acclimation: implications for
soil carbon decomposition under climate change. Poster for the Front Range Student Ecology
Symposium. Colorado State University, 02/08.

Steinweg, J.M. How does temperature change affect soil microbial carbon utilization efficiency.
Presentation for the Front Range Student Ecology Symposium. Colorado State University, 04/07.
Steinweg J.M., Haddix M.L., Conant R.T., Paul E.A., Greenwood R., Carlson, J. Temperature
sensitivity of soil organic matter: results from two experiments. Presentation for the summer meeting
of the Ecological Society of America. Memphis, TN 08/06.

Haddix M.L., Steinweg J.M., Conant R.T., Paul E.A. Temperature sensitivity of soil organic matter
fractions. Poster for the summer meeting of the Ecological Society of America. Memphis, TN 08/06.
Haddix M.L., Steinweg J.M., Conant R.T., Plante A., Paul E.A., Six J. Effect of temperature on the
dynamics of different soil organic matter fractions. Poster for the summer meeting of the World
Congress of Soil Science. Philadelphia, PA 07/06.

Drijber R., Carter D., Conant R.T., Plante A., Paul E.A., Steinweg J.M., Haddix M.L. Do
temperature-driven shifts in microbial community composition facilitate decay of recalcitrant organic
matter? Poster for the summer meeting of the World Congress of Soil Science. Philadelphia, PA
07/06.

Steinweg J.M., Haddix M.L., Conant R.T., Paul E.A., Plante A., Stromberger M. How does
temperature change affect soil microbial community dynamics? Poster for the Front Range Student
Ecology Symposium. Colorado State University. 03/06.

Conant, R.T., Plante, A.F., Paul, E.A., Drijber, R.J., Six, J., Haddix, M.L., Steinweg, J.M. Carlson, J.,
Greenwood, R. Vulnerability of soil organic matter to temperature changes: exploring constraints due
to substrate decomposability. Presentation for the fall meeting of the American Geophysical Union.
San Francisco, CA. 12/05.

Graduate Advisors:  Matthew D. Wallenstein, Rich T. Conant, and Eldor A. Paul
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Peter E. Thornton

Senior Research Scientist

Oak Ridge National Laboratory, Environmental Sciences Division
Phone: (865) 241-3742

Email: thorntonpe@ornl.gov

Education and Training

1998 University of Montana, Terrestrial Biogeochemistry, PhD
1992 Johns Hopkins University, Geography and Environmental Engineering, MA
1990 Johns Hopkins University, Biomedical Engineering, BA

Research and Professional Experience

2008-Present  Senior Research Staff. Climate and Ecosystem Processes, Oak Ridge National
Laboratory. Develop biogeochemistry and land ecosystem components of Earth System
Models; integration of models, observations, and experiments.

2004-2008 Scientist Il. Climate and Global Dynamics Division, National Center for Atmospheric
Research, Boulder, CO. Developed land biogeochemistry and land use components of
Community Climate System Model, applied new model to carbon-climate feedback
analysis.

2001-2004 Scientist I. Climate and Global Dynamics Division, National Center for Atmospheric
Research, Boulder, CO. Developed land biogeochemistry component of Community
Climate System Model.

1999-2001 Research Associate. The University of Montana, School of Forestry, Numerical
Terradynamic Simulation Group. Developed coupled carbon-nitrogen cycle capability
in global land ecosystem model. Developed biometeorology modeling methods as
forcing for ecosystem process models.

Publications

1. Thornton, P. E., Doney, S. C., Lindsay, K., Moore, J. K., Mahowald, N., Randerson, J. T., Fung, 1.,
Lamarque, J. F., Feddema, J. J., and Lee, Y. H., 2009. Carbon-nitrogen interactions regulate climate-
carbon cycle feedbacks: results from an atmosphere-ocean general circulation model, Biogeosciences,
6, 2099-2120.

2. Randerson, J. T., Hoffman, F. M., Thornton, P. E., Mahowald, N. M., Lindsay, K., Lee, Y.-H.,
Nevison, C. D., Doney, S. C., Bonan, G., Stockli, R., Covey, C., Running, S. W., and Fung, I. Y.,
2009. Systematic assessment of terrestrial biogeochemistry in coupled climate-carbon models, Global
Change Biology, 15, 2462-2484, 10.1111/j.1365-2486.2009.01912.x.

3. Oleson, K.W, Niu, G.-Y., Yang, Z.-L., Lawrence, D.M., Thornton, P.E., Lawrence, P.J., Stockli, R.,
Dickinson, R.E., Bonan, G.B., Levis, S., Dai, A., Qian, T., 2008. Improvements to the Community
Land Model and their impact on the hydrological cycle. Journal of Geophysical Research, 113,
G01021, doi:10.1029/2007JG000563.

4. Stockli, R, Lawrence, D.M., Niu, G.-Y., Oleson, K.W., Thornton, P.E., Yang, Z.-L., Bonan, G.B.,
Denning, A.S., Running, S.W., 2008. Use of FLUXNET in the Community Land Model development.
Journal of Geophysical Research, 113, G01025, doi:10.1029/2007JG000562.

5. Thornton, P.E., Lamarque, J.-F., Rosenbloom, N.A. and Mahowald, N.M., 2007. Influence of carbon-
nitrogen cycle coupling on land model response to CO, fertilization and climate variability. Global
Biogeochemical Cycles, 21(4): GB4018.

6. Thornton, P. E., and N. E. Zimmermann, 2007. An improved canopy integration scheme for a land
surface model with prognostic canopy structure, Journal of Climate, 20, 3902-3923.

7. Dickinson, R.E., K.W. Oleson, G.B. Bonan, F.M. Hoffman, P.E. Thornton, M. Vertenstein, Z.-L.
Yang, X. Zeng, 2006. The Community Land Model and its climate statistics as a component of the
Community Climate System Model. Journal of Climate. 19:2302-2324.

8. Thornton, P.E., and N. Rosenbloom, 2005. Ecosystem model spin-up: estimating steady state
conditions in a coupled terrestrial carbon and nitrogen cycle model. Ecological Modeling, 189: 25-48.
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9. Lamarque, J.-F., J. Kiehl, G. Brasseur, T. Butler, P. Cameron-Smith, W.D. Collins, W.J. Collins, C.
Granier, D. Hauglustaine, P. Hess, E. Holland, L. Horowitz, M. Lawrence, D. McKenna, P. Merilees,
M. Prather, P. Rasch, D. Rotman, D. Shindell and P. Thornton, 2005. Assessing future nitrogen
deposition and carbon cycle feedback using a multi-model approach. Part 1: Analysis of nitrogen
deposition. Journal of Geophysical Research 110: D19303.

10. Thornton, P.E., B.E. Law, H.L. Gholz, K.L. Clark, E. Falge, D.S. Ellsworth, A.H. Goldstein, R.K.
Monson, D. Hollinger, M. Falk, J. Chen, J.P. Sparks, 2002. Modeling and measuring the effects of
disturbance history and climate on carbon and water budgets in evergreen needleleaf forests.
Agricultural and Forest Meteorology 113: 185-222.

Synergistic Activities

1. Leads the ORNL Climate Change Forcing Scientific Focus Area, with a primary objective of
integrating models, observations, and experimentation to improve climate change predictions.

2. Main developer of the CLM-CN model, which has introduced prognostic coupled carbon and
nitrogen cycle biogeochemistry into the land component of the Community Climate System Model.

3. Invited participant in a working group at the National Center for Ecological Analysis and Synthesis
titled “Revising Nutrient Limitation in Tropical Forest”.

4. Leading a synthesis effort within the North American Carbon Program that is evaluating ~20
terrestrial biogeochemistry models against carbon, water, and energy fluxes and biological and
ecological measurements at ~45 sites across North America.

5. Member of the Science steering groups for the AmerifFlux and Fluxnet Canada networks, providing
modeling expertise to the science planning for these flux measurement networks.

Collaborators and Co-Editors

Natalie Mahowald (Cornell University), Jean-Francois Lamarque (NCAR and NOAA), Nicklaus
Zimmermann (Swiss Federal Research Institute, WSL), Bob Cook (ORNL), Robbie Braswell (U New
Hampshire), Bev Law (Oregon State), Mac Post (ORNL), Hank Shugart (U Virginia),B.T. Rhyne
(ORNL), Nan Rosenbloom (NCAR), Reto Stockli (Swiss Meteorological Institute), David Lawrence
(NCAR), Keith Oleson (NCAR), Gordon Bonan (NCAR), Scott Denning (Colorado State), Steven
Running (U. Montana), Peter Lawrence (NCAR), Z.-L. Yang (U. Texas, Austin), G.-Y. Niu (U. Texas,
Austin), Robert Dickinson (Georgia Tech), Aigu Dai (NCAR), T. Qian (NCAR), David Turner (Oregon
State), Inez Fung (UC Berkeley), Scott Doney (Woods Hole Oceanographic Inst.), Keith Lindsay
(NCAR), Keith Moore (UC Irvine), Jim Randerson (UC Irvine), Forrest Hoffman (ORNL), Cindy
Nevison (UC Irvine), Curtis Covey (PCMDI).

Graduate and Postdoctoral Advisors

Graduate Advisor: Steven W. Running (University of Montana); Rama Nemani (NASA Ames Research
Center)
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Dali Wang

Research Scientist

Oak Ridge National Laboratory, Environmental Sciences Division
Phone: (865)241-8679

Email: wangd@ornl.gov

Education and Training

2002 Rensselaer Polytechnic Institute, Environmental Engineering, Scientific Computation,
PhD

2001 Rensselaer Polytechnic Institute, Computer Science, MS

2001 Rensselaer Polytechnic Institute,, Computational Science and Engineering, MSC

1996 Jilin University, Environmental Chemistry, MS

1993 Jilin University, Environmental Planning and Management, BS

Research and Professional Experience

2009-Present  Research Scientist, Environmental Sciences Division, Oak Ridge National Laboratory.
2011 - Present  Adjunct Professor, Geography, University of Tennessee, Knoxville

2007-2009 Manager, IT Infrastructure, Southeastern Universities Research Association
2004-2007 Research Assistant Professor, Computer Science

2003 — 2004 Computational Scientist, The Institute for Environmental Modeling, University of

Tennessee, Knoxville

1998 - 2002 Computational Scientist, Computer Science/Environmental Engineering/Scientific

Computing Research Center, Rensselaer Polytechnic Institute

2001 Software Engineer, Pitney Bowes
1996 - 1998 Assistant Professor (Certified EIA Engineer), Environmental Sciences, Nankai

University

Selected Publications

1.

2.

Dali Wang, Wilfred Post, Bruce Wilson, Climate Change Modeling: Computational Opportunities
and Challenges, IEEE Computing in Science and Engineering, Volume 13, Issue 5, pp. 36-42, 2011
Ling Yin, Shih-Lung Shaw, Dali Wang, Eric Carr, Louis. J. Gross, Michael W. Berry A framework of
integrating GIS and parallel computing for spatial control problems — A case study of wildfire
control, International Journal on Geographic Information Sciences, (in press), DOI:
10.1080/13658816.2011.609487

Dali Wang, Michael Harmon, Michael W. Berry, Louis. J. Gross, On Design of a Coupling
Component for Parallel Multimodeling, International Journal on Modeling, Simulation, and Scientific
Computing, 2011, DOI:10.1142/S1793962311000554

Jeff Nichols, Shujiang Kang, Wilfred Post, Dali Wang, HPC-EPIC for High Resolution Simulations
of Environmental and Sustainability Assessment, Computers and Electronics in Agriculture (2011),
doi:10.1016/j.compag.2011.08.012

Dali Wang, Michael W. Berry, Eric. A. Carr, Louis J. Gross. On Parallelization of a Spatially-Explicit
Structured Ecological Model, International Journal on High Performance Computer Applications,
pp571-581, 2006

Dali Wang, Eric. A. Carr, Michael W. Berry, Louis. J. Gross, A Parallel Fish Model for Ecosystem
Modeling, Simulation: Transactions of The Society of Simulation and Modeling International, pp451-
465, July 2006

Dali Wang, Michael W. Berry, Louis. J. Gross, A Parallel Structured Ecological Model for High End
Shared Memory Computers, Proceedings of the First International Workshop on OpenMP 2005,
Lecture Notes on Computer Science

Dali Wang, Eric. A. Carr, Louis. J. Gross, Michael W. Berry, Toward Ecosystem Modeling on
Computing Grids, Computing in Science and Engineering, p44-52, Sep/Oct 2005

Dali Wang, Joseph E. Flaherty, Kenneth E. Jansen, Mark Shepard, Investigation of Turbulent Melt
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Flow in a Crystal Growth Systems, Proceedings of 2004 International Conference on Parallel
Processing Workshops (ICPPW’04), August 15-18, 2004, Montreal, Canada

10. J. Russell Manson, Steve G. Wallis, Dali Wang, Conservative, Semi-Lagrangian Fate and Transport

Model for Fluvial Systems: Part 2 Numerical Testing and Practical Applications, Water Research
Vol.34, No. 15, pp 3778-3785, 2000

Synergistic Activities

1.
2.

3.
4.
5

Member of the IEEE Computer Society Technical Committee: Parallel Computing, Simulation;
International Society for Environmental Information Sciences; American Geophysical Union;
Association of America Geographers

Journal Review: IEEE Computer, Parallel Processing Letter, Journal of Supercomputing, Nonlinear
Analysis: Real World Applications, Ecological Modeling, Conservation Letters, etc.

Panel Review: NSF, DOE, NOAA, USGS, etc.

SURA Industrial Partnership Technical Liaison (2007-2009)

Conference Organizer: SURAgrid Annual Workshop (2007-2009)

Graduate and Postgraduate Advisors

Dr. Louis J. Gross, Professor of Math and Ecology and Revolutionary Biology, University of Tennessee,
Knoxville

Dr. Joseph E. Flaherty, Amos Eaton Professor of Computer Science and Math (Emeritus), Rensselaer
Polytechnic Institute

Dr. J Russell Manson, Professor of Civil and Environmental Engineering, Rensselaer Polytechnic
Institute
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Jeffrey M. Warren

Scientist

Oak Ridge National Laboratory, Environmental Sciences Division
Phone: (865) 241-3150

E-mail: warrenjm@ornl.gov

Education and Training

2002 Washington State University, Tree Physiology, Ph.D.

1996 North Carolina State University, Forest Science, M.S.

1991 Miami University, Engineering Physics, B.S.

Research and Professional Experience

2010- Staff Scientist, Oak Ridge National Laboratory, Oak Ridge TN

2010- Adjunct Assistant Professor, Forestry, Wildlife and Fisheries, UT-Knoxville.

2007-2009 Research Associate, Oak Ridge National Laboratory, Oak Ridge TN
2002-2007 Research Forester, USDA Forest Service PNW Research Station, Corvallis OR
1999-2002 Graduate Fellow, US EPA Science to Achieve Results Program, Pullman WA

Publications

1.

10.

11.

12.

13.

Warren, JM, CM lversen, CT Garten Jr., RJ Norby, J. Childs, D. Brice, RM Evans, L. Gu, P.
Thornton, DJ Weston. 2011. “Timing and magnitude of C partitioning through a young loblolly pine
(Pinus taeda L.) stand using **C labeling and shade treatments.” Tree Physiology doi:
10.1093/treephys/tpr129.

Warren, JM, RJ Norby, SD Wullschleger. 2011. Elevated CO, enhances premature leaf senescence
during extreme climatic events in a temperate forest. Tree Physiology 31:117-130.

Warren, JM, E Potzelsberger, SD Wullschleger, PE Thornton, H Hasenauer, RJ Norby. 2011.
Ecohydrologic impact of reduced stomatal conductance in forests exposed to elevated CO..
Ecohydrology 4:196-210.

Warren, JM, JR Brooks, MI Dragila, FC Meinzer. 2011. In situ separation of root hydraulic
redistribution of soil water from liquid and vapor transport. Oecologia 166:899-911.

Hanson, PJ, KW Childs, SD Wullschleger, JS Riggs, WK Thomas, DE Todd, JM Warren. 2011. A
method for experimental heating of intact soil profiles for application to climate change experiments
Global Change Biology 17:1083-1096

Norby RJ, JM Warren, CM Iversen, BE Medlyn, RE McMurtrie. 2010. CO, enhancement of forest
productivity constrained by limited nitrogen availability. PNAS 107: 19368-19373.

Warren, JM, JR Brooks, FC Meinzer, JL Eberhart. 2008. Hydraulic redistribution of water from Pinus
ponderosa trees to seedlings via ectomycorrhizal fungi. New Phytologist 178: 382—-394.

Warren, JM, FC Meinzer, JR Brooks, J-C Domec and R Coulombe. 2007. Hydraulic redistribution of
soil water in two old-growth coniferous forests: quantifying patterns and controls. New Phytologist
173:753-765.

Woodruff, DR, KA McCulloh, JM Warren, FC Meinzer, BL Gartner. 2007. Impacts of tree height
on leaf hydraulic architecture and stomatal control in Douglas-fir. Plant, Cell and Environment
30:559-569.

Brooks, JR, FC Meinzer, JM Warren, J-C Domec and R Coulombe. 2006. Hydraulic redistribution in
a Douglas-fir forest: Lessons from system manipulations. Plant, Cell and Environment 29:138-150.
Warren, JM, FC Meinzer, JR Brooks and J-C Domec. 2005. Vertical stratification of soil water
storage and release dynamics in Pacific Northwest coniferous forests. Agricultural and Forest
Meteorology 130:39-58.

Meinzer FC, BJ Bond, JM Warren and DR Woodruff. 2005. Does water transport scale universally
with tree size? Functional Ecology 19:558-565.

Drobot, S, D Porinchu, K Arzayus, V Barber, L Delissio, L M Smith and JM Warren. 2003. The
‘ideal’ climate change Ph.D. program. DISCCRS I. Dissertations initiative for the advancement of
climate change research working group. http://www.disccrs.org/reports/disccrsclimatechange.pdf
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14. Warren, JM, JH Bassman and S Eigenbrode. 2002. Leaf chemical changes induced in Populus
trichocarpa Torr. & Gray by enhanced UV-B radiation and concomitant effects on herbivory by
Chrysomela scripta Fab. (Coleoptera: Chrysomelidae). Tree Physiology 22: 1137-1146.

Synergistic Activities

1. Member — AGU, ESA, Instrument Development Team of ORNL SNS VENUS beam line.

2. Reviewer — Acta Physiologiae Plantarum, ANR (France), DOE, Ecohydrology, Ecological
Applications, Forest Ecology & Management, Forest Science, Frontiers in Plant Biophysics &
Modeling (Editorial Board), Frontiers in Zoology, Fungal Ecology, Global Change Biology, Isotopes
in Environmental & Health Studies, J. Arid Environments, J. Applied Ecology, J. Environmental
Quality, Mycorrhiza, Neutron Imaging & Applications (book), New Phytologist, Northwest Science,
Oecologia, Neutron Scattering Science Program (ORNL), Plant and Soil, Sensors, Tree Physiology,
Water Resources Research.

3. Lectures — University of Tennessee - Knoxville, Alabama A&M University, Oregon State University.

Collaborators and Co-editors (last 48 months)

Hassina Bilheux (ORNL), Renee Brooks (EPA), Chu-Lin Cheng (UT-K), Joanne Childs (ORNL),
Kenneth Childs (ORNL), JC Domec (Duke), Maria Dragila (OSU), Joyce Eberhart (OSU), Richard Evans
(UT-K), Charles Garten, Jr. (ORNL), Carla Gunderson (ORNL), Jennifer Franklin (UT-K), Lianhong Gu
(ORNL), Paul Hanson (ORNL), Hubert Hasenauer (BOKU), Juske Horita (TexasT), Colleen Iversen
(ORNL), Nicole Labbe (UT-K), Barb Lachenbruch (OSU), Kate McCulloh (OSU), Ross McMurtrie
(Univ New South Wales), Belinda Medlyn (Macquarie Univ), Rick Meinzer (USFS), Rich Norby
(ORNL), Ed Perfect (UT-K), Elisabeth Pétzelsberger (BOKU), Jeffery Riggs (ORNL), Warren Thomas
(ORNL), Peter Thornton (ORNL), David Tissue (UWS), Donald Todd (ORNL), David Weston (ORNL),
David Woodruff (USFS), Stan Wullschleger (ORNL)

Graduate and Postdoctoral Advisors

Post-doctoral Advisors: Renee Brooks (EPA), Rick Meinzer (USFS), Rich Norby (ORNL),
Stan Wullschleger (ORNL)

Graduate Advisors: John Bassman (WSU), Gerry Edwards (WSU), John Fellman (WSU),
Ron Robberecht (U-1daho)

Recent Presentations

1. Warren, JM, H Bilheux, M Kang, S Voisin, C Cheng, J Horita, E Perfect, L Walker. 2011. “Neutron
imaging reveals internal plant hydraulic dynamics. Fall meeting of the American Geophysical
Union, San Francisco, CA.

2. Warren, JM, J Childs, C Gunderson, P Hanson, S Wullschleger. 2011. Ecophysiology of woody
plants in an ombrotrophic spruce bog — potential impacts with climate change. Ecological Society
of America, Austin, TX.

3. Warren, JM, RJ Norby, BE Medlyn. 2010. Elevated CO; initially stimulates photosynthesis in
sweetgum, but effects dissipate after a decade. Ecological Society of America, Pittsburgh, PA.

4. Warren, JM. 2010. Terrestrial water relations and climate change. Department of Forestry, Wildlife
and Fisheries, University of Tennessee, Knoxville, TN.

5. Warren, JM, R Norby, S Wullschleger. 2009. “Elevated CO, reduces water use, and shifts extraction
downward in sweetgum.” Ecological Society of America, Albuquerque, NM.
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David J. Weston

Research Staff Associate

Oak Ridge National Laboratory, Biosciences Division, Plant Systems Biology
Phone: (865) 576-9939

E-mail: westondj@ornl.gov

Education

2006 Clemson University, Environmental Science/ Genetics, PhD
2001 Cornell University, Plant Science, MS

1998 Cornell University, Plant Science, BS

Research and Professional Experience

2008-present Staff Scientist, Oak Ridge National Laboratory

2005-present Postdoctoral Fellow, Oak Ridge National Laboratory

2001-2002 Assistant Professor, Department of Plant Science, State University of New York
2001 Visiting Professor, Department of Plant Science, State University of New York

Selected Peer-reviewed Publications

1. Weston D.J., A. A. Karve, L.E. Gunter, S.A. Jawdy, X. Yang, S.M. Allen, S.D. Wullschleger. (In
Press) Comparative physiology and transcriptional networks underlying the heat shock response in
Populus trichocarpa, Arabidopsis thaliana and Glycine max. Plant Cell & Environment.

2. GuoJ., S. Wang, O. Valerius, H. Hall, Q. Zeng, J. Li, D.J. Weston, B.E. Ellis, and J. Chen. 2010.
Involvement of Arabidopsis RACKL1 in Protein Translation and Its Regulation by Abscisic
Acid. Plant Physiol. 155: 370-383

3. Waullschleger, S.D., D.J. Weston, J.M. Davis. 2009. Populus responses to edaphic and climatic cues:
Emerging evidence from systems biology research. Critical Reviews in Plant Science 28: 368-374

4. Leakey, A.D.B., E.A. Ainsworth, S.M. Bernard, C.R. Markelz, D.R. Ort, S.A. Placella, A. Rogers,
M.D. Smith, E.A. Sudderth, D.J. Weston, S.D. Wullschleger, S. Yuan. 2009. Gene expression
profiling — opening the black box of plant ecosystem responses to global. Global Change Biology 15:
1201-1213

5. Yang, X., U.C. Kalluri, S. Jawdy, L.E. Gunter, Y. Tongming, T. Tschaplinski, D.J. Weston, R. Priya,
G.A. Tuskan. 2008. F-box gene family is expanded in herbaceous annual plants Arabidopsis and Rice
relative to woody perennial plant Populus. Plant Physiology 148: 1189-1200.

6. Weston D.J., L.E. Gunter, A. Rogers, S.D. Wullschleger. 2008. Connecting genes, coexpression
modules, and molecular signatures to environmental stress phenotypes in plants. BMC Systems
Biology 2:16

7. Weston, D.J. and W.L. Bauerle. 2007. Inhibition and acclimation of C; photosynthesis to moderate
heat: A perspective from thermally contrasting genotypes of Acer rubrum L. Tree Physiology,
27:1083-1092

8. Weston, D.J., W.L. Bauerle, G.A. Swire-Clarke, B.D. Moore, and W. V. Baird. 2007.
Characterization of Rubisco activase from thermally contrasting genotypes of Acer rubrum L. The
American Journal of Botany, 94: 926-934.

9. King, AW., C.A. Gunderson, W.M. Post, D.J. Weston and S.D. Wullschleger. 2006. Plant
Respiration in a Warmer World. Science. 312:536-537

10. Bauerle, W.L., D.J. Weston, J.D. Bowden, J.B. Dudley, and J.E. Toler. 2004. Leaf absorptance of
photosynthetically active radiation in relation to chlorophyll meter estimates among woody plant
species. Scientia Horticulturae, 101:169-178.
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Stan D. Wullschleger

Distinguished R&D Staff Scientist

Environmental Sciences Division, Oak Ridge National Laboratory
Phone: (865) 574-7839

Email: wullschlegsd@ornl.gov

Education and Training

1990 University of Arkansas, Crop Physiology, Ph.D.
1982 Colorado State University, Tree Physiology, M.S.
1979 Colorado State University, Forest Management, B.S.

Research and Professional Experience

2005-Present  Distinguished R&D Staff Scientist, Environmental Sciences Division, Oak Ridge
National Laboratory, Oak Ridge, TN. Current research interests include quantifying
plant response to environmental change, including the design and simulation of
facilities required for large-scale, long-term field experiments. Mechanistic
understanding gained from field investigations is incorporated into models and used to
assess leaf, plant, stand, and ecosystem-scale responses to global climatic change.
Studies are being expanded to examine role of plants and microbes in biosequestration;
how genomics can be used in ecology; and how sensors and sensor networks can best be
developed and deployed for high-resolution measurements in the ecological sciences.

2008-present Lead Scientist, Climate Change Mitigation Scientific Focus Area, Oak Ridge National

Laboratory
2008-2009 Interim Division Director, Environmental Sciences Division, Oak Ridge National
2005-2010 Laboratory

Leader, Plant Systems Biology Group, Environmetnal Sciences Division, Oak Ridge
2005-2007 National Laboratory

Chief Scientist, Detection and Simulation of Ecosystem Response, Oak Ridge National

Laboratory

Publications

1. Hanson, P.J., K.W. Childs, S.D. Wullschleger, J.S. Riggs, W.K. Thomas, D.E. Todd, and J.M.
Warren. 2010. A method for experimental heating of intact soil profiles for application to climate
change experiments. Global Change Biology (in press).

2. Waullschleger, S.D., E.B. Davis, M.E. Borsuk, C.A. Gunderson, and L.R. Lynd. 2010. Biomass
production for the herbaceous bioenergy crop switchgrass: Database description and determinants
of yield. Agronomy Journal 102: 1158-1168.

3. YangB., S.G. Pallardy, T.P. Meyers, L. Gu, P.J. Hanson, S.D. Wullschleger, M. Heuer, K.P.
Hosman, J.S. Riggs, and D.W. Sluss. 2010. Environmental controls on water use efficiency
during sever drought in an Ozark forest in Missouri, USA. Global Change Biology 16: 2252-
2271.

4. Waullschleger S.D. and M. Strahl. 2010. Climate Change: A Controlled Experiment. March, pg.
78-83.

5. Martin M.Z., N. Labbe, N. Andre, S.D. Wullschleger, R.D. Harris, and M.H. Ebinger. 2010.
Novel multivariate analysis for soil carbon measurements using laser-induced breakdown
spectroscopy. Soil Science Society of America Journal 74: 87-93.

6. Waullschleger S.D. D.J. Weston, and J.M. Davis. 2009. Populus responses to edaphic and climatic
cues: emerging evidence from systems biology research. Critical Reviews in Plant Sciences 28:
368-374.

7. Leakey A.D.B., Ainsworth E.A., S.M. Bernard, R.J.C. Markelz, D.R. Ort, S.A. Placella, A.
Rogers, M.D. Smith, E.A. Sudderth, D.J. Weston, S.D. Wullschleger, and S.H. Yuan. 2009. Gene
expression profiling: opening the black box of plant ecosystem responses to global change.
Global Change Biology 15: 1201-1213.
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8. Ranatunga, K., Keenan R.J., S.D. Wullschleger, W.M. Post, and M.L. Tharp. 2008. Effects of
harvest management practices on forest biomass and soil carbon in eucalypt forests in New South
Wales: Simulations with the forest succession model LINKAGES. Forest Ecology and
Management 255: 2407-2415.

9. McLaughlin, S.B., M. Nosal, S.D. Wullschleger, and G. Sun. 2007. Interactive effects of ozone
and climate on tree growth and water use in a southern Appalachian forest in the USA. New
Phytologist 174: 109-124.

10. McLaughlin, S.B., S.D. Wullschleger, G. Sun, and M. Nosal. 2007. Interactive effects of ozone
and climate on water use, soil moisture content and streamflow in a southern Appalachian forest
in the USA. New Phytologist 174: 125-136.

11. Wullschleger SD, Leakey DB, and St. Clair S. 2007. Functional genomics and ecology: A tale of
two scales. New Phytologist 176: 735-739.

12. Wullschleger, S.D. and P.J. Hanson. 2006. Sensitivity of forest water use to altered precipitation:
evidence from a long-term manipulative field study. Global Change Biology 12: 97-109.

13. Hanson, P.J., S.D. Waullschleger, R.J. Norby, T.J. Tschaplinski, and C.A. Gunderson. 2005.
Importance of changing CO,, temperature, precipitation and ozone on carbon and water cycles of
an upland oak forest: Incorporating experimental results into model simulations. Global Change
Biology 11:1402-1423.

Synergistic Activities
1. Editor — Tree Physiology (2000-2007)
2. Editorial Review Board — Tree Physiology (1992-present)
3. Ecological Society of America Student Awards Committee (Buell and Braun Awards; 2007-
2008)
4. Workshop Organization
e Sensors and Sensor Networks (2005), Ecological Society of America
e Biospheric Monitoring Ecosystem Forecasts: Sensing the Pulse of the Planet (2006),
American Association for the Advancement of Science (AAAS)
e Linking physiological ecology, evolutionary biology, and functional genomics for better
understanding biotic responses to a changing climate (2007), Ecological Society of America
e Mechanistic Underpinning of Ecological Processes: Scaling from genes to ecosystems
(2007), Ecological Society of America
e Molecular Interactions of Carbon with Mineral Soils (2010), Goldschmidt Conference
5. Reviewer for scientific journals, including Science, Nature, New Phytologist, Global Change
Biology, Plant Cell and Environment, Plant Physiology, Plant Cell, GCB Bioenergy, Ecology,
Ecology Letters, American Journal of Botany, Journal of Experimental Botany, Tree Physiology,
Journal of Environmental Quality, Agricultural and Forest Meteorology, Journal of Geophysical
Research, and Functional Ecology.
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Xiaojuan Yang

Environmental Science Division
Oak Ridge National Laboratory
Oak Ridge, TN 37831-6335
Phone: (865) 574-7615

Email: yangx2@ornl.gov

Education

2009 University of Illinois at Urbana-Champaign, Atmospheric Sciences, PhD
2002 Nanjing University, China, Atmospheric Sciences, MS

1998 Nanjing Institute of Meteorology, China, Climatology, BS

Research and Professional Experience
2010 - present  Post-doctoral research associate, Environmental Sciences, Oak Ridge National Lab

2010 Post-doctoral research associate, Department of Atmospheric Sciences, University of
Illinois at Urbana- Champaign, Urbana, IL

2002-2009 Research Assistant, Department of Atmospheric Sciences, University of Illinois at
Urbana- Champaign, Urbana, IL

1999-2002 Research Assistant, Department of Atmospheric Sciences, Nanjing University,
Nanjing, Jiangsu, China

Publications

1. Yang, X., W.M. Post, P. E. Thornton and A. Jain (2011), The distribution of soil phosphorus in
terrestrial ecosystems, Global Biogeochem. Cycles (under review)

2. Yang, X. and Post, W. M.: Phosphorus transformations as a function of pedogenesis: A synthesis of
soil phosphorus data using Hedley fractionation method, Biogeosciences, 8, 2907-2916,
d0i:10.5194/bg-8-2907-2011

3. Yang, X,, Richardson, T. K., and Jain, A. K.: Contributions of secondary forest and nitrogen
dynamics to terrestrial carbon uptake, Biogeosciences, 7, 3041-3050, doi:10.5194/bg-7-3041-2010,
2010

4. Yang, X., V. Wittig, A. K. Jain, and W. Post (2009), Integration of nitrogen cycle dynamics into the
Integrated Science Assessment Model for the study of terrestrial ecosystem responses to global
change, Global Biogeochem. Cycles, 23, GB4029, d0i:10.1029/2009GB003474.

5. Jain, A., X. Yang, H. Kheshgi, A. D. McGuire, W. Post, and D. Kicklighter (2009), Nitrogen
attenuation of terrestrial carbon cycle response to global environmental factors, Global Biogeochem.
Cycles, 23, GB4028, doi:10.1029/2009GB003519.

6. Ito, Akinori, J. E. Penner, M. J. Prather, C. P. de Campos, R. A. Houghton, T. Kato, A. K. Jain, X.
Yang, G. C. Hurtt, S. Frolking, M. G. Fearon, L. P. Chini, A. Wang, and D. T. Price (2008), Can we
reconcile differences in estimates of carbon fluxes from land-use change and forestry for the
1990s? Atmospheric Chemistry and Physics Vol. 8, No 12, pp. 3291-3310.

7. Yang, X., “Examining the Role of Carbon, Nitrogen, Climate and Human Interactions in the
Terrestrial Biosphere”, Department of Atmospheric Sciences, University of Illinois, Urbana, IL, 2008.
Wittig, V.E. X. Yang, A K. Jain, “Interactive effects of carbon and nitrogen cycle dynamics
onterrestrial carbon pools and fluxes.”, iLEAPS Conference, Hyeres, France, 2008.

8. Jain, A. K., T. O. West, X. Yang, and W. M. Post (2005), Assessing the impact of changes in climate
and CO, on potential carbon sequestration in agricultural soils, Geophys. Res. Lett., 32, L19711,
d0i:10.1029/2005GL023922.

9. Jain, A. K., Z. Tao, X. Yang, and C. Gillespie (2006), Estimates of global biomass burning emissions

for reactive greenhouse gases (CO, NMHCs, and NO,) and CO,, J. Geophys. Res., 111, D06304,
doi:10.1029/2005JD006237.
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10.

11.

12.
13.
14.

15.

16.

17.

18.

Yang, X. W. M. Post, P. E. Thornton, “Phosphorus dynamics during litter and soil decomposition:
development of a P cycle component for CLM”, American Geophysical Union (AGU) Fall meeting,
San Francisco, CA, December 5 — 9, 2011.

Yang, X. and W. M. Post, “C:N:P stoichiometry in soil organic matter”, Poster, 27th New Phytologist
Symposium: Stoichiometric flexibility in terrestrial ecosystems under global change, Biosphere 2,
Oracle, AZ, USA, September 25-28, 2011

Yang, X. W. M. Post, P. E. Thornton, A. K. Jain, “The distribution of soil phosphorus in terrestrial
ecosystems”, American Geophysical Union (AGU) Fall meeting, San Francisco, CA, December 13 —
17, 2010.

Yang, X., A. K. Jain, and R. Kotamarthi, “Modeling of N,O and NO emissions from soils in
terrestrial ecosystems”, American Geophysical Union (AGU) Fall meeting, San Francisco, CA,
December 14 — 18, 2009.

Yang, X., A. K. Jain, “Nitrogen Attenuation of Terrestrial Carbon Cycle Response”, Poster, School of
Earth Society and Environment Research Review. University of Illinois, Urbana, IL, 20009.

Wittig, V.E., Yang, X., Jain, A.K., “Modeling carbon and water fluxes from leaf to canopy.” Poster,
School of Earth Society and Environment Research Review. University of Illinois, Urbana, IL, 2009.
Yang, X., “Examining the Role of Carbon, Nitrogen, Climate and Human Interactions in the
Terrestrial Biosphere”, Department of Atmospheric Sciences, University of Illinois, Urbana, 1L, 2008.
Wittig, V.E. X. Yang, A K. Jain, “Interactive effects of carbon and nitrogen cycle dynamics on
terrestrial carbon pools and fluxes.”, iLEAPS Conference, Hyeres, France, 2008.

Jain A.K. and X. Yang, “North America Terrestrial Carbon Budget: A Model Analysis of the
Combined Effects of CO,, Nitrogen, Climate, Land Use Changes and Management”, 2008 NASA
Carbon Cycle and Ecosystems Joint Science Workshop, College Park, MD, April 28 — May 2, 2008.
Barman, R., Yang, X., A.K. Jain, W. M. Post, M. Sivapalan, “Modeling Nitrogen Leaching With A
Biogeochemical Model Coupled With Soil Hydrology Model”, American Geophysical Union (AGU)
Fall meeting, San Francisco, CA, December 15 — 19, 2008.

Jain A. K., X Yang, H Kheshgi, A D McGuire, W M Post, Nitrogen Attenuation of Terrestrial Carbon
Cycle Response to Global Environmental Change, American Geophysical Union (AGU) Fall meeting,
San Francisco, CA, December 15 — 19, 2008.

Yang, X., F. Taheripour, A. K. Jain, “Future Changes in Global Land Use Emissions”, Poster,

School of Earth Society and Environment Research Review, University of Illinois, Urbana, IL, 2007.
Yang, X., A. K. Jain, and W. M. Post, “Examining the role of nitrogen cycling on the terrestrial
response to CO,, climate, and nitrogen deposition”, American Geophysical Union (AGU) Fall
meeting, San Francisco, CA, December 10 — 14, 2007.

Yang, X., “Integrated Modeling of Terrestrial Carbon and Nitrogen Dynamics”, the 9" Annual
Symposium of Graduate Students in Ecology and Evolutionary Biology, University of Illinois at
Urbana-Champaign, Urbana, IL February. 2007.

Richardson, T. X. Yang, A. K. Jain, B. O’Neill, “Estimates of Geographically Explicit Future CO,
Emissions from Land Cover/ Land Use Changes”, American Geophysical Union (AGU) Fall meeting,
San Francisco, CA, December 10 — 14, 2007 ..

Jain A K., X. Yang, W.M. Post, “North America Terrestrial Carbon Budget: A Model Analysis of the
Combined Effects of CO,, Nitrogen, Climate, Land Use Changes and Management”, The U.S. North
American Carbon Program (NACP) Investigators Meeting, Colorado Springs, CO, January 21 - 24,
2007.

Taheripour, F., X. Yang, A. K. Jain, “Future Changes in Global Land Use Emissions”, the 10th
Annual Conference on Global Economic Analysis, Purdue University, West Lafayette, June 7-9, 2007.
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11.

12.

13.

14.

15.

16.

APPENDIX A: TES SFA PUBLICATIONS SINCE OCTOBER 2009

Published Papers

Amthor JS, Hanson PJ, Norby RJ, Wullschleger SD (2009) A comment on "' Appropriate
experimental ecosystem warming methods by ecosystem, objective, and practicality' by Aronson and
McNulty". Agricultural and Forest Meteorology 150:497-498.

Andres RJ, Gregg JS, Losey L, Marland G, Boden TA (2011) Monthly, global emissions of carbon
dioxide from fossil fuel consumption. Tellus B, 63:309-327. Published online: 12 April 2011. doi:
10.1111/5.1600-0889.2011.00530.x.

Beaulieu JJ, Tank JL, Hamilton SK, Wollheim, WM, Hall RO, Mulholland PJ, Peterson BJ, Ashkenas
LR, Cooper LW, Dahm CN, Dodds WK, Grimm NB, Johnson SL, McDowell WH, Poole GC, Valett
HM, Arango CP, Bernot MJ, Burgin AJ, Crenshaw C, Helton AM, Johnson L, O'Brien JM, Potter JD,
Sheibley RW, Sobota DJ, Thomas SM (2010) Nitrous oxide emission from denitrification in stream
and river networks. Proceedings of the National Academy of Sciences of the United States of America
(published online 20 December 2010).

Brosi GB, McCulley RL, Bush LP, Nelson JA, Classen AT, Norby RJ (2011) Effects of multiple
climate change factors on the tall fescue-fungal endophyte symbiosis: infection frequency and tissue
chemistry. New Phytologist 189:797-805.

Castro HF, Classen AT, Austin EE, Norby RJ, and Schadt CW (2010) Soil microbial community
responses to multiple experimental climate change drivers. Applied Environmental Microbiology
76:999-1007.

Chen X, Post WM, Norby RJ, Classen AT. Modeling soil respiration and variations in source
components using a multi-factor global climate change experiment. Climatic Change (published
online 14 Dec 2010) doi: 10.1007/s10584-010-9942-2

Classen AT, Norby RJ, Campany CE, Sides KE, Weltzin JF (2010) Climate change alters seedling
emergence and establishment in an old-field ecosystem. PLoS ONE 5:e13476.

De Graff M-A, Classen AT, Castro HF, Schadt CW (2010) Labile soil carbon inputs mediate the soil
microbial community composition and plant residue decomposition rates. New Phytologist 188:1055—
1064

De Graaff, M-A, Schadt CW, Rula K, Six J, Schweitzer J, Classen AT (2011) Elevated [CO,] and
plant species diversity interact to alter root decomposition. Soil Biology and Biochemistry 43:2347-
2354; DOI: 10.1016/j.s0ilbio.2011.07.006

Engel EC, Weltzin JF, Norby RJ, Classen AT (2009) Responses of an old-field plant community to
interacting factors of elevated [CO,], warming, and soil moisture. Journal of Plant Ecology 2:1-11.
Friedlingstein P,Houghton RA, Marland G, Hackler J, Boden TA, Conway TJ, Canadell JG, Raupach
MR, Ciais P, Le Quéré C, (2010) Update on CO, emissions. Nature Geoscience 3:811-812; DOI:
10.1038/nge01022

Froberg M, Hanson PJ, Trumbore SE, Swanston CW, Todd DE (2009) Flux of carbon from **C-
enriched leaf litter throughout a forest soil mesocosm. Geoderma 149:181-188.

Garten CT Jr. (2011) Comparison of forest soil carbon dynamics at five sites along a latitudinal
gradient. Geoderma 167-168:30-40, doi:10.1016/j.geoderma.2011.08.007

Garten CT Jr, Classen AT, Norby RJ (2009) Soil moisture surpasses elevated CO, and temperature in
importance as a control on soil carbon dynamics in a multi-factor climate change experiment. Plant
and Soil 319:85-94.

Gaudinski JB, Torn MS, Riley WJ, Swanston C, Trumbore SE, Joslin JD, Majdi H, Dawson TE,
Hanson PJ (2009) Use of stored carbon reserves in growth of temperate tree roots and leaf buds:
analyses using radiocarbon measurements and modeling. Global Change Biology 15:992-1014.

Gray SB, Classen AT, Kardol P, Yermakov Z, Miller RM (2011) Multiple climate change factors
interact to alter soil microbial community structure in an old-field ecosystem. Soil Science Society of
America Journal 75:2217-2226.
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18.

19.
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21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Gregg, JS, Losey LM, Andres R J, Blasing TJ, Marland G (2009) The temporal and spatial
distribution of carbon dioxide emissions from fossil-fuel use in North America. Journal of Applied
Meteorology and Climatology 48:2528-2542.

Gu L, Massman WJ, Leuning R, Pallardy SG, Meyers T, Hanson PJ, Riggs JS, Hosman KP, Yang B
(2012) The fundamental equation of eddy covariance and its application in flux measurements.
Agricultural and Forest Meteorology 152:135-148; doi:10.1016/j.agrformet.2011.09.014

Gu L, Pallardy SG, Tu K, Law BE, Wullschleger SD (2010) Reliable estimation of biochemical
parameters from C3 leaf photosynthesis-intercellular carbon dioxide response curves. Plant, Cell and
Environment 33:1852-1874.

Gu L, Post WM, Baldocchi DD, Black TA, Suyker AE, Verma SB, Vesala T, Wofsy SC (2009)
Characterizing the seasonal dynamics of plant community photosynthesis. In: Phenology of
Ecosystem Processes: Applications in Global Change Research, A. Noormets, Editor, Springer, New
York, 275p.

Gunderson CA, O'Hara KH, Campion CM, Walker AV, Edwards NT (2010) Thermal plasticity of
photosynthesis: the role of acclimation in forest responses to a warming climate. Global Change
Biology 16:2272-2286 doi: 10.1111/j.1365-2486.2009.02090.x

Gunderson CA, Edwards NT, Walker AV, O’Hara KH, Campion CM, Hanson PJ (2011) Forest
phenology and a warmer climate — growing season extension in relation to climatic provenance.
Global Change Biology (accepted)

Hanson PJ, Gunderson CA (2009) Root carbon flux: measurements versus mechanisms. New
Phytologist 184:4-6.

Hanson PJ, Childs KW, Wullschleger SD, Riggs JS, Thomas WK, Todd DE, Warren JM (2011) A
method for experimental heating of intact soil profiles for application to climate change experiments.
Global Change Biology 17:1083-1096.

Hayes DJ, Turner DP, Stinson G., McGuire AD, Wei Y., West TO, Heath LS, deJong B, McConkey
BG, Birdsey RA, Kurz WA, Jacobson AR, Huntzinger DN, Pan Y, Post WM, Cook RB (2012)
Reconciling estimates of the contemporary North American carbon balance among terrestrial
biosphere models, atmospheric inversions and a new approach for estimating net ecosystem exchange
from inventory-based data. Global Change Biology, in press; doi: 10.1111/j.1365-2486.2011.02627 .x.
Helton AM, Poole GC, Meyer JL, Wollheim WM, Peterson BJ, Mulholland PJ, Stanford JA, Arango
C, Ashkenas LR, Cooper LW, Dodds WK, Gregory SV, Hall RO, Hamilton SK, Johnson SL,
McDowell WH, Potter JD, Tank JL, Thomas SM, Valett HM, Webster JR, Zeglin L (2011) Thinking
outside the channel: nitrogen cycling in networked river ecosystems. Frontiers in Ecology and the
Environment 9:229-238.

Hollinger DY, Ollinger SV, Richardson AD, Meyers TP, Dail DB, Martin ME, Scott NA, Arkebauer
TJ, Baldocchi DD, Clark KL, Curtis PS, Davis KJ, Desai AR, Dragoni D, Goulden ML, Gu L, Katul
GG, Pallardy SG, Paw U KT, Schmid HP, Stoy PC, Suyker AE, Verma SB (2010) Albedo estimates
for land surface models and support for a new paradigm based on foliage nitrogen concentration.
Global Change Biology 16: 696-710.

Huntzinger DN, Post WM, Wei Y, Michalak AM, West TO, Jacobson AR,. Baker IT, Chen JM,
Davis KJ, Hayes DJ, Hoffman FM, Jain AK, Liu S, McGuire AD, Neilson RP, Poulter B, Raczka
BM, Tian HQ, Thornton P, Tomelleri E, Viovy N, Xiao J, Zeng N, Zhao M, Cook R (2012) North
American Carbon Program (NACP) Regional Interim Synthesis: Terrestrial Biospheric Model
Intercomparison, Ecological Modeling, in press.

Iversen CM, Murphy MT, Allen MF, Childs J, Eissenstat DM, Lilleskov EA, Sarjala TM, Sloan VL,
Sullivan PF. 2011. Advancing the use of minirhizotrons in wetlands. Plant and Soil [Available on-
line: DOI 10.1007/s11104-011-0953-1.]
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APPENDIX B: NOTEWORTHY PUBLICATIONS FROM PREVIOUS ORNL EXPERIMENTS
OR OBSERVATIONAL STUDIES

With TES SFA support, ORNL staff continue to finalize previous research in the form of final
publications and archived data. The following completed or accepted publications summarize new works
produced since October of 2009.

Woody Plants in Warmer Atmospheres

e Gunderson et al. (2009) describe the acclimation of photosynthesis to prevailing temperatures, in
saplings of four species in an open-top chamber (OTC) warming experiment at +0°, +2°, and + 4 °C.
Optimum temperatures for photosynthesis shifted in concert with daytime air temperature. Seasonal
acclimation in mature trees and experimental trees was not different from treatment-induced
differences.

e Gunderson et al. (2011 accepted pending revisions) describe the responses of forest phenology to
atmospheric warming. In a four-year field experiment, budburst was earlier in saplings grown in
OTCs at +2° and +4 °C, and senescence and abscission were delayed, extending the growing season
by 6 -28 days. Responses were compared to a 16-year record of canopy phenology in a mixed
deciduous forest on the nearby Walker Branch Watershed.

e Carla Gunderson is also completing a manuscript on the impacts of warming on growth in four
species of deciduous trees, native to either warmer or cooler parts of eastern North America. Trees
grew in the field for four years, from seedlings to saplings, in OTCs maintained at 0°, 2°, or 4 °C
above local ambient temperatures. Pooling all species, biomass of the “virtual forest” increased with
warming, after the first year, such that biomass was up to 45% higher in the +4° trees, and 20%
higher in the +2 °C treatment, though differences were significant only in year two. (To be
completed summer of 2012).

Community and Ecosystem Response to Multiple Environmental Changes

The DOE BER funded OCCAM project investigators published articles covering microbial
community (Castro et al. 2010, De Graff et al. 2010, Kardol et al. 2010), seedling emergence and
establishment (Classen et al. 2010), endophyte interactions (Brosi et al. 2011) and plant species diversity
(De Graff et al. 2011, Kardol et al. 2010) responses to multifactor elevated CO,, warming and irrigation
treatments.

Methods and Technologies for Advancing Climate Change Experiments

o Waullschleger and Strahl (2010; Scientific American) describe several sizable outdoor experiments for
temperature, precipitation, and CO, concentrations that have been under way for more than a decade.
They concluded that enough data have now been generated to improve models that predict climate,
providing a more accurate picture of how woodlands, prairies and agricultural crops may change in a
future world. They also concluded that new experiments are also needed to clearly predict the
response of boreal, tundra and tropical plants and of ecosystems.

o Waullschleger et al. (2011) reported on the development of a numerical model that takes into account
the thermal properties of wood, the physical dimensions and thermal characteristics of the probes, and
the conductive and convective heat transfer that occurs due to water flow in the sapwood. The team of
plant scientists and engineers observed that the fundamental calibration equation upon which
technique is based was highly sensitive to variation in water content, sapwood density, radial
gradients, wound diameter, and other operational characteristics of this technique. It was shown that
use of the original calibration equation could result in significant over- and under-estimation of water
flow and confound estimates of transpiration, a common ecosystem property measured by this
approach.

147



	Environmental Sciences Division
	Oak Ridge National Laboratory
	Sumitted to the
	Terrestrial Ecosystem Science Program, Biological and Environmental Research
	DOE Office of Science
	January 23, 2012
	Principal Investigators:
	Paul J. Hanson
	Environmental Sciences Division
	Oak Ridge National Laboratory
	Building 2040, Rm. E216
	One Bethel Valley Road
	Oak Ridge, TN 37831-6301
	Phone:  1-865-574-5361
	E-mail: hansonpj@ornl.gov Peter E. Thornton
	Environmental Sciences Division
	Oak Ridge National Laboratory
	Building 2040, Rm. E210
	One Bethel Valley Road
	Oak Ridge, TN 37831-6301
	Phone:  1-865-241-3742
	E-mail: thorntonpe@ornl.gov
	ABSTRACT
	TABLE OF CONTENTS
	EXECUTIVE SUMMARY
	NARRATIVE (sections 1 through 6)
	1.  BAckGround and Program Overview
	1.1 TES SFA Performance Timeline and Organizational Updates
	1.2 TES SFA Philosophy, Research, Goals, and Milestones

	2. Progress since October 2009
	2.1 Progress by TES SFA Tasks
	Climate Change Response Tasks
	2.1.1 Task R1 – Spruce and Peatland Responses Under Climatic and Environmental Change [the SPRUCE experiment]
	Data management and SPRUCE Web site – The SPRUCE Project initiated its data management program with the development and release of a comprehensive Data Policy. The Policy is a clear statement of the importance of the data collection effort and the con...
	Tree and Shrub Measurements – During FY2010 and FY2011, preparations for long-term pre- and post-treatment observations of tree and woody shrub responses were initiated. We collected initial biomass data and developed allometric relationships for appl...
	Fine-root assessments – Minirhizotrons were installed on the S1 Bog in July 2010, in two areas accessible by boardwalks but away from the future location of experimental plots. Twelve tubes were installed in each of the two areas and initial measureme...
	Sphagnum community assessments –The moss community, particularly Sphagnum species, plays a central role in the structure and function of the S1 Bog, and the response of that community will most likely be central to the overall response of the ecosyste...
	Microbiology – A preliminary characterization of depth-specific profiles of microbiological, physical and biogeochemical properties of the S1 peat material was begun in December 2010 (Figure 8).  These investigations are being carried out seasonally (...
	Biogeochemical Cycling – Planned element cycling measurements in response to warming and elevated CO2 include: 1) plant nutrient concentrations, stocks, and fluxes, 2) peat nutrient availability, 3) in situ, whole system indicators of changing N bioge...
	Land surface and landscape CO2 and CH4 flux – Open-path CO2 and CH4 sensors have been acquired for use in the measurement of (1) plot-scale head space accumulation measurements of CO2 and CH4 diffusion from the bog surface, and the evaluation of the e...
	Plant physiology – The overarching focus on physiological processes is to understand the rates and seasonal dynamics of water use and C exchange by the higher plant species of the bog.  Linkages between climate conditions and moisture availability for...
	Hydrology and water chemistry – Depth-specific water samplers were installed in July 2011 to measure hydrological response variables (water flowpaths, runoff dynamics, and chemistry).  Water level and chemistry data show when organic soils are saturat...

	2.1.2 Task R2 – Walker Branch Watershed Long-term Monitoring
	Climate Change Forcing Tasks
	2.1.3 Task F1 – Mechanistic C Cycle modeling
	2.1.3a Task F1a:  Improve ecosystem process models with site-level observations and experimental data
	2.1.3b Task F1b:  Regional and Global Land Ecosystem Modeling
	2.1.3c Task F1c:  Coupled Earth System Modeling

	2.1.4 Task F2 – Partitioning in Trees and Soil (PiTS)
	2.1.5 Task F3 – Representing soil C in terrestrial C cycle models
	2.1.5a Task F3a: Characterizing organic C flux from litter sources to mineral-soil sinks—The operation of a distributed enriched isotope study for eastern hardwood forests (EBIS-AmeriFlux)
	2.1.5b Task F3b:  Modeling soil C turnover in eastern forests

	2.1.6 Task F4 – Terrestrial impacts and feedbacks of climate variability, events and disturbances
	2.1.6a Task F4a.1:  MOFLUX site operations
	2.1.6b Task F4a.2 – MOFLUX Science
	2.1.6 Task F4b – Extreme event studies

	2.1.7 Task F5 – Fossil emissions

	3.  Research PlanS for FY2013, FY2014, and FY2015
	3.1 Task R1:  SPRUCE Future Plans and Deliverables
	3.2 Task R2: Walker Branch Future Plans – A Transition to NEON
	3.3 Mechanistic C Cycle modeling – Future Directions
	3.3.1 Task F1a – Improve ecosystem process models with site-level observations and experimental data
	3.3.2 Task F1b – Regional and Global Land Ecosystem Modeling
	3.3.3 Task F1c – Coupled Earth System Modeling
	3.3.4 New Task F1d – Integrating land-surface model constraints with inverse modeling

	3.4 New Task F2B – Integrating Root Functional Dynamics into Models
	3.5 New Task F3c – Modeling of Microbial Processing of Soil C
	3.6 Task F4 – Terrestrial impacts and feedbacks of climate variability, events and disturbances
	3.6.1 Task F4a – MOFLUX
	3.6.2 Task F4c – New SPRUCE Eddy Covariance Flux Observations

	3.7 Task F5 – Fossil emissions

	4.  Management and TEam Integration
	4.1 Organizational Structure and Key Personnel
	4.2 Project Planning and Execution
	4.3 Data Systems And Informatics
	4.4 Collaborative Research Activities

	5. Personnel
	5.1 Proposed Effort by TES SFA Staff in Future Fiscal Years

	6. Facilities and Resources
	bibliography
	Budgets AND Budget JustiFicationS for FY2013, FY2014, and FY2015
	Explanation of ORNL Accounting Practices and Other Supporting Material
	Supplemental Details of Costs for Task R1 – SPRUCE
	FY2011 Funding Allocation to External Collaborators
	National Laboratory investment in the TES SFA
	Capital Equipment

	Curriculum Vitae
	APPENDIX A:  TES SFA PUBLICATIONS SINCE OCTOBER 2009
	Appendix B: Noteworthy Publications from previous ORNL experimentS or observationAL studies



