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Preface

Over the past several years, NASA’s Terrestrial Ecology Program has sponsored
several efforts to develop the scientific questions and plan for a research program that
involves a new major field campaign. One of these efforts resulted in a scoping study
report describing the Arctic-Boreal Vulnerability Experiment (ABoVE). This report has
undergone extensive review (discussed in Appendix A), and its Executive Summary has
been revised to address suggestions and recommendations made by the broader
scientific community during these reviews.

To further address these suggestions and recommendations, a workshop was held
in Boulder, Colorado on 13-15 June 2012. In this report, we present the findings and

recommendations emerging from this workshop.



Revised Executive Summary:

The Arctic-Boreal Vulnerability Experiment

Climate change in the Arctic and Boreal Region (ABR) is unfolding faster than
anywhere else on Earth, resulting in a longer ice-free Arctic Ocean during summer,
warming and thawing of permafrost, increases in the frequency and severity of climate-
driven disturbances, and widespread changes to surface water extent, soil moisture, and
vegetation structure and function. Amplification of climate warming in the ABR is
particularly important as observations show that temperature variability and trends in
this region tend to be larger than those for the Northern Hemisphere or the Earth as a
whole. Arctic amplification is a forcing function that leads to multi-scale interactions
and nonlinearities that are fundamental to understanding Arctic/boreal ecosystem
processes and to constructing robust models and scenarios of ABR futures. In addition
to producing significant and widespread climate providing critical feedbacks to climate,
environmental change in this region is increasingly affecting society in a variety of ways,
including impacts on forests from insects and fires, erosion of Arctic coastlines, changes
to wildlife habitat and ecosystems that affect subsistence opportunities, as well as
transportation infrastructure, oil, gas, and mineral development, and other economic
uses. Long at the edge of our mental map of the world, environmental change in the
ABR is rapidly becoming the focus of numerous policy discussions.

To more fully understand the evolving ABR environment and provide the
information required to develop options for societal responses to the impacts of ABR
climate change, the Arctic-Boreal Vulnerability Experiment (ABoVE) has been proposed
as a NASA-sponsored field campaign. Previous and ongoing research sponsored by
NASA has focused on developing the types of geospatial information products from
remotely-sensed imagery and data that are critical for monitoring key environmental
characteristics and processes. In addition, remotely-sensed data products are required
to address scaling issues that are inherent in linking process-based research conducted
at local scales over short time periods to modeling research that addresses a variety of
spatial and temporal scales.

Research carried out as part of ABoVE would provide the opportunity to focus
not only on key processes associated with changes to the land surface, but on important
interfaces between the land and the coastal ocean and atmosphere as they interact with
climate-mediated terrestrial processes. Through research that integrates and
synthesizes geospatial data collected by airborne and spaceborne remote sensors with
information obtained from field studies and ground-based monitoring, ABoVE would
focus on addressing several key questions:

* What processes, interactions, and feedbacks control the
vulnerability of Arctic and boreal ecosystems and landscapes to
structural and functional changes in a changing Earth system?

* How are people at local, regional, national, and global scales being
affected by and responding to these changes?

* How do changes to terrestrial processes in the ABR alter inputs to
adjacent oceans?



* How do changes to terrestrial processes in the ABR alter climate
through exchanges of energy, water, gases, and particulate matter
between the land surface and troposphere?

The research conducted to address these questions would emphasize
observations, analyses, syntheses, and modeling. This research would address questions
critical to understanding the processes of climate and environmental change in the ABR,
focusing on impacts to society and ecosystem services, changes to land surface
processes, and interfaces with the adjacent coastal ocean and the overlying troposphere
(see Figure 1). The studies conducted as part of ABoVE would provide the basis for
improving the reliability of models required to predict how ABR terrestrial and coastal
ecosystems and the troposphere are likely to change in the future based on different
climate change scenarios. The output from these models, in turn, will provide decision
makers, resource managers and other stakeholders with new information to aid in
understanding the range of potential impacts on society and formulate decisions on how
to respond to ABR environmental change.

ABoVE Study Plan

Research and analysis activities for ABoVE would be carried out in study sites
located across western Canada and Alaska. Studies would be carried out over a range of
spatial scales, including within different terrestrial ecoregions, within primary and
secondary research areas, within discrete landscape units (such as a watershed or
disturbance event), and within plots (at a scale of 10 m to 1 km). The exact geographic
boundaries and location of study sites will be determined in the more detailed planning
activities to follow, and will be influenced by collaborating programs and projects. An
initial preparatory research phase would include dataset development, development of a
modeling framework, and work to identify/secure/prepare needed field resources and
infrastructure. The field phases of the research would be carried out during a multi-year
intensive study period. The synthesis and integration phase would include final data
analysis, modeling, and synthesis and integration studies making use of the data and
information acquired during the intensive study period. The projects funded by NASA
as part of the intensive study period would be involved in a variety of activities, focusing
on the collection and analyses of airborne remote sensing data, development of new
information products from remote sensing data, collection and analysis of field data,
integrative analyses, and refinement, validation, and application of models.

A key component of ABoVE would be the use of spatial-temporal information
products derived from remotely-sensed data. Remotely-sensed information products
would be used in several ways, including providing improved maps of key characteristics
(i.e., ecological, hydrological, cryospheric, biogeochemical) of the land, ocean and
atmosphere in the ABR, as well as providing the means to measure variations in these
characteristics over time. In some cases, remotely-sensed data products would be the
primary information source for studying specific processes. In others, these products
would be used as key inputs for models or used as a basis for model validation.

A rich array of international satellite and airborne data would be utilized in
ABoVE. In addition to the existing satellites and their successors, many new U.S.
satellite sensors will be becoming available in the planned timeframe of ABoVE. Of



these, the following would be well-suited to contribute to the scientific goals of ABoVE:
Soil Moisture Active Passive (SMAP), Orbiting Carbon Observatory-2 (OCO-2), Ice,
Clouds and Elevation Satellite-2 (ICESat-2), and the Joint Polar-orbiting Satellite
System (JPSS). Existing remote sensing and in situ airborne sensors, such as NASA’s
AVIRIS and UAVSAR as well as several new instruments now under development,
would be available and are anticipated to make strong contributions to ABoVE’s
observational needs and scaling objectives.  Especially noteworthy are 1) the
instrumentation being used and data that will be collected in the NASA EV-1 Carbon in
Arctic Reservoirs Vulnerability Experiment (CARVE) in Alaska in 2012-2014 and 2) the
P-band SAR capability being developed through the NASA EV-1 Airborne Microwave
Observatory of Subcanopy and Subsurface (AirMOSS) project.

An important activity that would occur during the research conducted is the
development, refinement and validation of models based on the studies and analyses
being carried out for ABoVE. In order to understand the impacts of the processes that
are affected by climate change, or that affect climate change, requires that different
process models be linked. A key element of ABoVE will focus on developing the
integrated modeling framework needed to improve the representation of key processes
and to provide the mechanisms for developing model linkages, particularly via scaling of
local processes to regional and larger spatial scales using multi-scale, multi-sensor
remote sensing. Compiling regional and global information products would be
conducted as part of the activities associated with assessments using the integrated
modeling framework. An additional activity for ABoVE would be to synthesize the
results from research being carried out in other Arctic/boreal regions. The results from
this synthesis would be used to make further refinements of the integrated models
developed as part of ABoVE. These integrated models could then be used to conduct a
pan-Arctic/boreal assessment of the impacts of climate change during the final
synthesis and integration phase of ABoVE or as a follow-on activity.

The development of a data and information system would be another important
component for ABoVE. The ABoVE Information System would serve the field campaign
as a short-term repository and clearinghouse for all data sets collected and data
products generated as a result of ABoVE research. It would provide access to other
datasets that would be used during ABoVE that were generated from other ABR
research projects, products from land management agencies, and from long-term
monitoring efforts. The ABoVE Information System would provide access to the results
and assessments being produced through modeling and other analyses to a wide range
of end users, and would provide support for experiment planning during ABoVE.
Representatives of end users who require information from assessments of the impacts
of climate change would be involved in determining the products that would be
generated during ABoVE and made available through the ABoVE Information System.
Long-term archive of ABoVE data sets would transition to a NASA Distributed Active
Archive Center (DAAC) or other appropriate archive.

During ABoVE, particular attention will be focused on those ecosystem processes
and characteristics that are unique to the ABR. These include the widespread
occurrence of natural disturbances, the presence of permafrost, and the existence of
high levels of soil carbon in surface organic layers and frozen soils. At local scales, some
Arctic and Boreal ecosystems are resistant or resilient to longer-term changes in climate



and episodic perturbations; however, ongoing climate change in the ABR may be
crossing important threshold points that push or tip ecosystems and landscapes into
new biophysical states. A key focus of ABoVE is to conduct the research necessary to
identify factors that influence vulnerability, as well as to enable identification and
understanding of potential tipping points that produce state changes in ecosystem
processes and functional attributes.

Society and Ecosystem Services

The motivation for the research proposed for ABoVE is to provide scientific
information needed by policy makers, resource managers and other stakeholders to
develop policies and approaches that most effectively respond to the climate-driven
environmental change in the ABR. While human land use activities are not as extensive
as in other regions, a number of human activities directly contribute to environmental
change in the ABR. Research on human activities would focus on activities related to
the fire regime (human ignitions and fire suppression), oil, gas, and mineral resource
exploration and development, and salvage activities in disturbed forests. Research on
human impacts and responses would focus on developing an improved understanding of
how climate change directly and indirectly affects society and the natural resources that
it utilizes (including ecosystem services). This would include studies on the impacts of
environmental change on the habitats (including food webs) for key fish, mammal, and
migratory bird populations, the use of subsistence and recreational resources by native
and non-native populations, harvesting of forest resources, and the impacts of
permafrost degradation on resource development, coastal erosion, and human health.
By design, research conducted on the impacts of environmental change on the society
and ecosystem services will be integrated with research on other processes being
affected by climate change. As a result, all research carried out as part of ABoVE will
be guided by the need to address questions of how society is affected by and responds
to the impacts of environmental change in the ABR.

Land Surface Processes

ABoVE would provide the opportunity to conduct research on climate-driven
processes that are forcing changes to ABR terrestrial and aquatic ecosystems and land
surfaces, in particular changes to disturbance regimes, permafrost warming and
thawing, and hydrologic processes. ABoVE research would focus on how changes to
these processes are driving changes to ecosystem dynamics and the cycling of soil
carbon. This research would also focus on connections, interactions, and feedbacks
between the land and the near-shore coastal oceans and troposphere

Climate-driven, natural disturbances impact large areas within the ABR and their
frequency has been increasing over the past two decades. Research on disturbance
would focus on improving the understanding of controls on and impacts of natural
disturbance regimes, including fire, insects, disease, and the formation of thermokarst
and other land features associated with thawing of permafrost, and erosion of coastlines.
Such research would include investigations on the responses of terrestrial ecosystems to
changes in climate, disturbance regimes, surface hydrology and permafrost, including



changes to terrestrial and aquatic ecosystems, and soil microbial processes that drive
heterotrophic respiration.

In areas with permafrost, the large reservoirs of soil carbon and hydrological
processes are intrinsically linked. Studies of soil carbon would offer the opportunity to
investigate the responses of carbon stocks in organic and mineral soil layers to the direct
and indirect impacts of climate change. For land systems, research would focus on
linking surface-based inventories of soil carbon stocks with land surface features that
can be mapped using remote sensing (vegetation cover, locations of wetlands and
peatlands, disturbance location and severity, surface hydrology, topography and
microtopography) and that control variations in soil carbon, and carbon cycling
processes. For permafrost, studies would focus on understanding how variations in
climate, surface characteristics (e.g., topography, soils, vegetation type and structure,
organic soil depth, surface hydrology) and disturbance history, interact to control the
distribution of permafrost as well as the rates of permafrost warming and degradation.

Studies of hydrological processes are not only critical to understanding terrestrial
and aquatic ecosystem processes and characteristics in the ABR, but also the processes
controlling the exchange of water between the land and coastal oceans and troposphere
(discussed below). Research on terrestrial hydrology would provide the opportunity to
conduct investigations on the processes and factors controlling landscape and regional-
scale variations in the patterns of surface and subsurface water (including soil moisture)
over multiple time scales. Because permafrost and seasonal thawing of frozen grounds
are important to surface hydrology, this research would be closely linked to research
being conducted on permafrost. Studies on the factors controlling variations in water
discharge from Arctic/boreal river systems as well as the amounts of suspended and
dissolved matter being transported are important from several perspectives. First, these
discharges provide inputs of sediments and nutrients to near-shore coastal waters,
critical information for understanding coastal ocean processes. Second, water and
sediment flow are important for the formation and maintenance of the large delta and
estuarine ecosystems found on coastlines. Thus, research on factors controlling river
discharges would be important to studies of coastal ocean chemistry and biological
processes.

Research on coastal erosion would offer the opportunity to quantify the rates of
erosion of Arctic coastlines, and to understand the processes that interact to mediate or
intensify this erosion, including sea level rise, formation and loss of seasonal ice cover,
coastal currents, storms, and changes to permafrost. Studies would also focus on
processes controlling the growth and/or loss of land and changes to vegetation cover
within major deltas, estuaries, and salt marshes in the ABR region (e.g., Yukon,
Kuskokwim, and Mackenzie Rivers), including the role of river discharge, sea level rise,
and increased wave energy resulting from changing coastal and coastal-zone ice cover
and changing storm patterns.

Studies of land surface-atmosphere interactions would focus on improving
understanding of the key feedbacks and linkages between the land surface/ocean
surface and the atmospheric boundary layer/troposphere in the ABR. This research
would include studies of factors controlling the reflectivity of the land surface in the
ABR, in particular on how variations in snow, vegetation, water, and ice coverage



directly change albedo, as well as the role of disturbance in controlling variations in
surface processes (e.g., vegetation, snow, and water dynamics) that influence land-
surface reflectivity. In addition, this research area would include studies on how
atmospheric deposition of soot and black carbon influences snow dynamics and snow
albedo. The research would provide the opportunity to integrate research on the
processes responsible for exchanges of carbon dioxide and methane between the land
and coastal oceans and the atmosphere. This work could build upon the results from
NASA’s CARVE project. In a similar fashion, studies would also investigate how
variations in vegetation cover, vegetation dynamics, permafrost, and surface hydrology
regulate the exchange of water between the land surface and atmosphere. Results from
disturbance studies would offer the opportunity to quantify the levels of emissions from
wildland fires that are common across the ABR and that contribute to additions of
aerosols and particulate matter to the atmosphere.

Coastal Ocean Processes

The Arctic coastal oceans represent a key transition zone between the land and
deep ocean basins, and thus are influenced by both terrestrial and oceanic processes.
Arctic oceans may be heavily influenced by coastal erosion and by the water, nutrients,
and particulate and dissolved organic and inorganic materials originating from river
discharge. The terrestrial end members relevant to ocean processes could be studied
during ABoVE, thus informing studies of ocean processes, if suitable partnerships can
be established with one or more ocean research programs. Such studies could include
the processes controlling rates of net ecosystem production (NEP) in the adjacent
coastal oceans, in particular the role of ocean circulation and upwelling and nutrient
availability; the role NEP plays on fluxes of carbon between the ocean and the
atmosphere; and the marine food web. Studies of ocean acidification could examine
factors regulating changes in dissolved carbon dioxide, which in turn, control the pH of
coastal waters. Research could also be conducted on how changes to ocean acidity
interact with ocean productivity to influence the marine food web. Studies could focus
on factors controlling near shore circulation, including coastal currents, upwelling, and
storms, and the relationship of physical oceanographic processes to permafrost
warming, nutrient and sediment transport, and reshaping Arctic coastlines. Research
could include studies on how patterns of ice cover influence coastal wave formation and
propagation during storms, as well as processes controlling the formation and loss of
shoreline ice cover during the spring and fall and interactions between ice cover and
temperature-mediated processes in adjacent terrestrial ecosystems (e.g. tundra
productivity).

Role of ABoVE in ABR Research

ABoVE would become a new contribution to an existing body of research on
northern high-latitude systems and environmental change in the ABR. There is wide-
spread recognition that climate change is unfolding faster in the ABR than anywhere
else on the Earth, and there is growing appreciation of the imperative to understand its
effects on Arctic and boreal systems and the consequences for society. It is also
apparent that understanding interactions among major system components, across
environmental boundaries and spanning multiple spatial and temporal scales, will be



major challenges in deriving understanding of change in the ABR and its consequences.
It would provide the opportunity for coordination of research and monitoring activities
on the impacts of climate change in the ABR and to catalyze synthetic and integrative
studies building on the foundation of what is known and what is being learned.

A successful ABoVE field campaign will need to build partnerships with other
programs, agencies, and nations conducting research in the ABR. NASA will need to
leverage, coordinate with, and/or build upon recent and ongoing projects being
sponsored by research and resource management agencies in other nations, especially
Canada and Japan, as well as those in the U.S., both at the state and federal levels, and
with non-government organizations. Within these organizations, there is a substantial
amount of ongoing and planned research, monitoring, and assessment activities that
focus on the questions and issues being addressed by ABoVE. Discussions with
scientists and managers across a range of organizations in Canada, Japan, and the U.S.
have revealed there is strong interest in ABoVE and in carrying out coordinated,
collaborative research activities. These initial contacts have been made with the
Department of Energy regarding their Next Generation Ecosystem Experiment (NGEE),
the National Ecological Observatory Network (NEON), the National Science Foundation
regarding the Study of Environmental Change in the Arctic (SEARCH), the Department
of Interior, and several state and local organizations within Alaska. ABoVE has been
discussed with representatives of the Canadian government involved in the Canada-
Mexico-U.S. CarboNA program. Many other important contacts have yet to be initiated.
A key activity for ABoVE would be to work with other organizations sponsoring
activities focused on climate and environmental change in the ABR to develop an
integrated approach to the sponsored research and create a management framework to
facilitate data sharing, coordination of field activities, and collaborative analyses.

Equally important will be activities to broaden the disciplinary scope and build
partnerships for coordinated multi-disciplinary research so that a full range of
important ocean, land and atmosphere interactions can be addressed. In particular, to
fully tackle research questions in the areas of coastal ocean dynamics and land-ocean-
atmosphere feedbacks, partnerships with ocean- and atmospheric-oriented programs
will be required.



Figure 1. Key Processes in the Arctic-Boreal Region that Provide the Focus for
ABOVE Research
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Report of the NASA Arctic Boreal Vulnerability Experiment
(ABoVE) Workshop — 13 to 15 June 2012, Boulder, Colorado

1. Introduction

On 13 to 15 June 2012, a workshop was convened to discuss refinements to the
scope of research and science questions to be addressed via a new field campaign
sponsored by NASA’s Terrestrial Ecology Program, focused on Arctic and boreal
ecosystems in northwestern Canada and Alaska. The participants in this workshop
discussed the societal issues and needs that could be addressed by the proposed
research, and identified critical next steps that needed to be carried out in the near term
to prepare for the writing of a concise experiment plan. The workshop was characterized
as a last opportunity to obtain community inputs on the scientific and societal
importance of ABoVE prior to the identification of a Science Definition Team and
initiation of detailed study design planning.

There was a consensus among the workshop participants that: (1) the scientific
issues and questions identified in the ABoVE Scoping Study report (as summarized in
the revised Executive Summary) were highly relevant to understanding the causes and
impacts of global warming in the arctic/boreal region (ABR); (2) that utilizing data
collected by NASA remote sensing instrumentation, and further developing the
expertise needed to exploit these data, is critical for not only understanding changes that
are occurring in the ABR, but also providing the needed to project the impacts of future
climate change; and (3) the research conducted through ABoVE could have high societal
value because it would provide a clearer understanding of the impacts of climate change
in the ABR in a number of areas important to decision makers, resource managers, and
individuals with interests in the ABoVE study region while also improving our
understanding of feedbacks to the climate system.

The ABoVE workshop attendees were asked to address the following questions:

1. Isthe science of ABoVE, as described in the revised Executive Summary (and
backed by the ABoVE Scoping Study report) compelling and of high priority?
a. Are the science questions compelling? Do they convey the strongest/ most
important science priorities? Do they capture the societal imperative for
this project? If not, how can they be improved?
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b.

How do the ABoVE science questions compare to those of related research
programs and recommendations of the U.S. NRC, USGCRP, and other
national and international entities interested in environmental change in
Arctic/Boreal systems? Should we take steps to align ABoVE more closely
with the other questions?

What ABoVE research best addresses key interactions and linkages among
the land, atmosphere and coastal oceans?

2. What are the most significant and pressing societal issues associated with current
and projected environmental change in the ABoVE study region (permafrost-
influenced and peatland areas of Alaska and Western Canada) and which are
amenable to study in an ABoVE-like project?

a.

How well do the top tier (Tier 1*) questions capture our commitment to
integrating such work into ABoVE? Do we need one or more top tier
questions that better capture this?

How many and which different societal impacts/responses should we
consider addressing? How can we validate which will offer greatest
value/utility to key end users? And who are those key stakeholders?

3. What near-term (within 1 year) actions will be required to mature the ABoVE
science plan and prepare for the field campaign(s)?

a.

b.

C.

d.

What do we need to do to establish the scientific foci that will inform study
design (detailed science questions/studies to do; remote sensing and in
situ measurements to make; selection of field sites/infrastructure; etc.)?
What do we need to know about existing and planned research, data sets,
and field activities to inform ABoVE planning?

What are the most important practical considerations needed to guide
study design?

What are the high priority partnerships/collaborations to pursue?

In this report, we present a summary of the discussions, findings, and

recommendations from the ABoVE Boulder Workshop. Including this introduction, this

report contains five sections that summarize these findings and recommendations.

Section 2 discusses the societal importance of research on terrestrial ecosystem

processes in the ABoVE study region, and suggests societal needs for information that

could be productively addressed in ABoVE. Section 3 presents the recommendations

regarding the scientific scope for the ABoVE field campaign. Section 4 includes a review

of key research activities (previous, ongoing, planned) in the ABoVE study region.

Section 5 identifies critical next steps for implementing the ABoVE field campaign.

" The Tier 1 questions are the four questions presented in the Executive Summary. Tier 2 questions are
associated with the ABoVE Science Themes (Figure 1) and are presented in the ABoVE Scoping Study

Report.
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2. Societal Importance of ABoVE Research

The rapid rate of climate change in the ABR has already resulted in significant
changes in terrestrial ecosystem processes (for example, permafrost warming, increased
disturbance, etc.). These environmental changes, in turn, have combined to alter key
land surface characteristics that have had a wide range of impacts on society and
ecosystem services that are likely to continue, if not expand, in the near future. In
addition, changes to the ABR are very likely to exert strong feedbacks onto the global
climate system and may impact the future trajectory of global climate change.

One of the key challenges in providing information important to society on the
impacts of climate change in the ABR is to determine which ecosystems are resilient to
the impacts of climate change (resilience is the capacity of a system to maintain its
function, structure and feedbacks in the face of a perturbation) and which are vulnerable
(vulnerability is the degree to which a system is likely to undergo significant change in
structure and function following a specific perturbation). In particular, information is
needed on how the impacts of climate change may tip ecosystems into new states where
novel dynamics emerge. Conducting the research needed to identify these vulnerabilities
and tipping points is necessary for understanding how climate change will alter Arctic
and boreal ecosystems in ways that affect society.

The effects of environmental change in the ABR on people and society are both
direct and indirect. These effects include direct impacts on human health (e.g.,
reduction in air quality from fires, mobilization of mercury stored in soils and
sediments, and changes in the quantity and quality of freshwater supplies, damage to
infrastructure from melting permafrost). Additional impacts are associated with
changes to services that are provided by ABR ecosystems (e.g., changes to fish and
wildlife that affect subsistence harvesting, changes to forest productivity).

Feedbacks to the climate system due to changes in the land surface and ecological
functioning of the ABR are likely to be of global significance. Potential positive
feedbacks (including changes in the energy, water and carbon budgets of the ABR) could
trigger large scale releases of CO. and CH, into the atmosphere. These may be

counterbalanced by negative feedbacks caused by the warming and drying of land
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surfaces, which could also increase plant production and decrease production or
increase consumption of CH4, reducing carbon emissions to the atmosphere. There are
currently large uncertainties in the direction and strength of feedbacks that are likely to
occur in the ABR in response to continued climate change.

Breakout Session 2 of the Boulder ABoVE Workshop focused on addressing the
societal issues and scientific information needs that would be carried out as part of
ABOVE research. The three breakout groups focused primarily on three sets of questions
that were suggested by the organizing committee:

(1) What are the most significant and pressing societal issues associated with current
and projected environmental change in the ABoVE study region? Which are amenable to
study in an ABoVE-like project?

(2) Who are those key stakeholders (impacted by environmental change in the ABR)?

(3) How well do the top tier questions capture our commitment to integrating such work
into ABoVE? Do we need one or more top tier questions that better capture this?

What are the most significant and pressing societal issues associated with
current and projected environmental change in the ABoVE study region?
Which are amenable to study in an ABoVE-like project?

The breakout groups stressed the extreme significance, degree, and diversity of
current and projected changes to the environment at local and regional scales and
identified the following impacts of ABR environmental change that are of great concern
to society, not only locally and regionally in the ABR, but around the world as well:

1. Impacts of permafrost degradation (long-term and seasonal, natural and human
caused) on infrastructure (local stakeholders)

2. Changes to the quantity and quality of freshwater resources (local and regional
stakeholders)

3. Impacts of disturbances on forest resources and on regional and local
communities (local and regional stakeholders)

4. Impacts of coastal/riverine thermal erosion and sea level rise (local and regional
stakeholders)

5. Changes in the extent, frequency, and severity of disturbances from fires and
insects/disease (regional stakeholders)

6. Impacts of changes to bird, fish, and mammal populations from changes in
habitat (local, regional, and global stakeholders)

7. Changes in carbon, water and energy cycles with multi-scale interactions and
regional to global scale implications for climate.
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8. Impacts of changes to near-shore coastal regions on food webs, fisheries, ice
thickness, hunting/fishing, and shipping (local, regional, and global
stakeholders)

9. Impacts on environmental contaminants (especially mercury) stored in soils from
fire, coastal flooding, and permafrost thaw (local and regional stakeholders)

10. Impacts of saltwater salinization on near-coastal ecosystems (local and regional
stakeholders)

11. Impacts on agriculture (local and regional stakeholders)

12. Changes in forest productivity (local and regional stakeholders)

Several breakout groups emphasized the diversity of impacts of climate change in
the ABR region. In particular, climate warming may have positive as well as negative
impacts, including increasing forest productivity, expanding the area available for
agriculture, increasing microbial methane consumption, and reducing climate-related
impediments to oil, gas, and mineral exploration. Resource managers and policy makers
must take both types of impacts into account in their decision making. Research to
inform such decisions must do the same.

In addition to identifying the different societal impacts of ABR climate change,
the breakout groups identified the need to improve capabilities to forecast and predict
trajectories of change in important land characteristics (e.g., vegetation, permafrost,
surface hydrology) and processes (stream and river flows, fire risk assessment, insect
outbreaks). They also identified the need to model both transient and long-term
impacts, and effectively communicate the risks of these impacts to the affected
stakeholders.

It was also agreed that understanding the interactions and feedbacks between
terrestrial ecosystems and the climate system represents a key information requirement
for scientists and decision makers. While recent global warming has been the greatest in
the ABR due to ice-albedo feedbacks in the Arctic Ocean, there have also been other
positive negative and feedbacks between the Earth’s surface and atmosphere which are
less well understood.

There was debate among the workshop participants on the most important and
pressing societal issues that research conducted as part of ABoVE would address. Some
argued that the most relevant issue was developing a more complete understanding of

the feedbacks and interactions between the land surface and the atmosphere/climate
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system in the ABR, in particular to address whether the Arctic amplification would
increase in the future as a result of large releases of soil carbon and changes to surface
albedo. Others argued that understanding integrated, whole ecosystem responses at the
regional scale would have enormous value to local, state, regional, and national decision
makers tasked with adapting to or mitigating the effects of climate change — as well as
providing a first example of what types of changes to expect and of how society acts to
meet the challenge of responding in a system undergoing rapid changes driven or
exacerbated by global climate change. The majority of participants, however, felt that
they were both of high importance. Many felt these two perspectives are inextricably
linked because studies of processes at regional scales are required to understand the
mechanisms driving feedbacks between the Arctic/Boreal region and the Earth system.
Of the issues identified above as of importance to society for understanding the impacts
of environmental changes, there was consensus among the three breakout groups that
issues 1 to 7 above are of high priority for an ABoVE-like project2.

The workshop participants included a mix of scientists from academic institutes,
government laboratories, and resource management agencies whose geographic areas of
responsibilities are in northern high-latitude regions. There was a strong consensus
within the latter group of workshop participants that much of the research proposed for
ABoVE would have particularly high value for addressing information requirements on
the impacts of climate change on the natural resources and ecosystem services in the
ABR region. They also emphasized the need to identify the societally important
information that would be generated by ABoVE and to identify the mechanisms
required to generate information products based on the results from ABoVE that are
needed by resource managers and decision makers. Suggestions for meeting these
objectives included organization of periodic Users Community Workshops to bring
together ABoVE scientists with stakeholders to review progress and to chart future
activities, as well as forming a Users Advisory Panel composed of stakeholders, end-
users, community members to provide guidance on development of information

products.

2 All three breakout groups identified Issues 1 to 7 as being of high importance, while 2 out of 3 breakout
groups identified Issues 8-12. The issues are not ranked in order of importance.
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The working groups observed that many of these key impacts of climate change in
the ABR affect stakeholders at multiple spatial scales. For example, information on
changes to bird, fish, and mammal populations from changes in habitat (including
vegetation and the extent and quality of freshwater bodies) is important to: (1) the local
stakeholders dependent on these resources for subsistence or recreation; (2) the
regional stakeholders in state/provincial/ territorial/national land management
agencies who are responsible for developing and implementing policies; and (3) to
international regulatory agencies who develop agreements for the management of
migratory bird, mammal, and fish species. Because of this, understanding the impacts of
climate change on society requires development of approaches to measure and assess
environmental change in the ABR over a range of spatial and temporal scales. Research
carried out as part of ABoVE will provide the opportunity to not only develop and
implement methods to measure key changes to the land surface in the ABR using
remotely-sensed data, but also provide data sets needed as input parameters to models
used to assess the current and future impacts of environmental change that are
important to society. Using remotely-sensed data products developed during ABoVE
will provide the ability to analyze large-scale changes for local and regional stakeholders
who require information on the impacts on key ecosystem services (such as the impacts
on wildlife habitat) or changes that affect infrastructure (such as the impacts of
permafrost thawing on roads, buildings, etc.). As a result, much of the research that
would be carried out as part of ABoVE would address a variety of societal issues at

multiple-spatial scales.

Who are those key stakeholders (who need information on the impacts of
environmental change in the ABR)?

The breakout groups agreed that the key stakeholders could be divided into three
groups based on different types of information needs: global, regional, and local.
Regardless of spatial scales, all groups agreed there was a need for a strong educational
component for ABoVE that would provide stakeholders with reliable information in a
timely fashion, while going well beyond presenting results at scientific meetings and in

journal articles.
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Stakeholders interested in large-scale (global/regional) information about the
ABR) include the scientific modeling and assessment community, in particular the
Intergovernmental Panel on Climate Change (IPCC), regulatory agencies, and the
business community. The IPCC in particular has responsibility for informing national
policy makers about significant threats to the global climate, identifying the impacts of
climate change on society, and providing recommendations for mitigating climate
change and adapting to its impacts. IPCC’s Working Group I requires improved
information on the societal, geophysical, and biological drivers of climate change, and
incorporation of any gains in scientific knowledge into Earth System models (ESMs) to
provide more reliable predictions of future climate. Working Group II needs
information on the impacts of climate change in order to understand the vulnerability of
ecosystems and possibilities for adaptation, and Working Group III needs information
on how society can mitigate the impacts of climate change. A number of international
regulatory agencies deal with the large numbers of migratory fish, animal and bird
populations found in the ABR region, and thus require information on how these
populations will be impacted by climate change, in particular, how these populations
will be directly impacted by changes to climate as well as by changes in habitat.

Regional stakeholders include policy makers, managers and scientists in
government agencies (federal/national, state/provincial/territorial), and native
corporations/organizations, businesses, and non-government organizations. A large
number of land management agencies at all levels of organization already have
programs dedicated to monitoring, measuring, and studying the impacts of ABR climate
change (including participants at this workshop) and have expressed interest in
collaborating with ABoVE research or sharing the information products and results that
would be generated during ABoVE (e.g., the Canadian Forest Service, the North Slope
Science Initiative, and the Landscape Conservation Cooperative program of the U.S.
Department of the Interior).

Local stakeholders include government and private organizations and businesses,
as well as individuals, who are directly impacted by environmental changes. The
working groups noted that a particularly important group of local stakeholders are
members of communities (both native and non-native) located throughout the ABR who

use the natural resources of this region for subsistence, whose economies are based on
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natural resources that are likely to be impacted by climate change, or whose
infrastructure (including availability of freshwater and sewage disposal facilities) will be

affected by climate change.

How well do the top tier questions capture our commitment to integrating
such work into ABoVE? Do we need one or more top tier questions that
better capture this?

The workshop participants agreed that only one Tier 1 question was needed to
address the societal issues that ABoVE research will address. However, all three
breakout groups suggested that changes be made to Question 2 of the Executive
Summary (How are people at local, regional, national, and global scales being affected
by and responding to these changes?). Suggestions for changes included the following;:

How are/will people at local, regional, national and global scales being/be affected by
and respond to environmental change in the ABR region, and how are those human
responses in turn feeding back to the system?

What are the spatial and temporal patterns of change that impact people and at local,
regional, national, and global scales and how can ABoVE inform decision making at
these scales?

What changes are likely to occur in the ABR that are most likely to affect society and
economics at local, regional and global scales?

3. Scientific Scope of ABoVE

The scope, relevance, importance and focus of the science to be conducted as part
of ABoVE was addressed by three breakout groups (Land, Water, Atmosphere) on the
afternoon of the first day of the workshop. The charge to the groups was to address the
science focus and scope described in the revised Executive Summary. The primary
emphasis of the breakout group discussions was to:

(1) Revisit the science questions of the original scoping study report, particularly the
overarching “Tier 1” questions, to ensure they are compelling, convey the most
important science priorities, and capture the societal imperative for the project (and if
they do not to suggest possible reformulation of the questions);

(2) Consider how the science questions align with those of related research programs
and recommendations of the U.S. National Research Council, U.S. Global Change
Research Program, and other national and international entities addressing
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environmental change in Arctic/boreal systems (and if not how to better align them);
and

(3) Identify and prioritize the key interactions and linkages among the land, atmosphere
and coastal oceans, as suggested by the panel tasked with reviewing the original scoping
study and associated community comments.

The science questions and their alignment with other programs

Each of the breakout groups focused on the Tier 1 questions and also delved
substantially into the Tier 2 questions presented in the ABoVE Scoping Study Report (all
of the questions were provided to participants as handouts). There was general
consensus among the groups that the Tier 1 questions were of appropriate scope, with
respect to asking the “big questions” and focusing on land-atmosphere interactions and
net feedbacks to climate, ecosystem resilience and vulnerability, societal impacts and
responses, and linking to the adjacent oceans. However, there was a good deal of
discussion about how the questions might best be formulated and ordered, whether
some of them might be combined, as well as how they could be modified to emphasize
remote sensing, scaling, models and forecasting.

The Land Group debated differing reformulations of the questions. Some specific
rewording was considered of insufficient scope (more process oriented), while others
were considered to be too all-encompassing (i.e. trying to capture all changes rather
than the higher order changes of most relevance, for example land-atmosphere
interactions and climate feedbacks). Together the group emphasized the importance of
proper sequencing of the questions and suggested specific rewording and reordering
they considered appropriate. The Land Group collectively felt implementing a NASA-led
field campaign in the ABR was important and would help to coordinate research efforts
among disciplines, but suggested a number of specific modifications intended to
emphasize the application of remote sensing technologies and the insights that can be
gained via iterative observations and analyses. A number of points were also made in the
context of discussing the Tier 2 questions that address specific topics either missed or
inadequately represented in the scoping study, such as interactions among multiple
disturbances (e.g. insects and fire), remote sensing of permafrost and thermokarst
features, implications of composition changes on ecosystem processes, and several

others.
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The Atmosphere Group also noted that research in the ABR was a high priority,
but felt that the Tier 1 questions (particularly Q4) needed to better address how
atmospheric processes and measurements can help to understand measurement and
observations of key terrestrial ecosystem processes. The atmosphere is an integrator,
just as rivers integrate biogeochemical signatures of watersheds, but attributing
atmospheric (or river) measurements to specific physical and biogeochemical processes
represents a key research challenge. This need could be partly addressed through
development of high spatial resolution information (mostly derived from remote
sensing) of the land surface properties and processes with which the atmospheric
models can be “challenged.” Seasonal and temporal information is particularly
important, so there is a need to invest in flux (eddy covariance) towers, as well as
airborne eddy flux measurements (not just concentrations) to help extend from the site
level (tower) to regional scales. The Atmosphere Group also noted that while aircraft
measurements were essential, ABoVE activities could also be used to evaluate new
satellite sensor concepts relevant to providing input parameters for ecosystem process
models and linking to physical climate / Earth system models. A number of suggested
changes to Tier 2 questions were discussed and are captured in the session notes.

The Water Group, which included experts in terrestrial hydrology as well as
oceanography, did not focus a great deal on addressing the current formulation of the
science questions and instead focused most of their effort (appropriately) on discussion
of the interactions between the land and the coastal ocean (below). They did, however,
suggest some wording changes to both Tier 1 and Tier 2 questions, noted a need to
strengthen wording related to the integration of field and remote sensing measurements
for scaling to include reference to mountain glaciers and groundwater hydrology, and to
point out that NASA is in a unique position to address the ABoVE science questions;
therefore the questions should emphasize the aspects of ABoVE that play to NASA’s
strengths.

This last point was a common theme to the other groups as well, with much
discussion as to the specificity of the questions to NASA, and how they might be tailored
to emphasize core strengths of NASA. Some thought that tailoring the questions to

NASA was important whereas others thought less specificity could be advantageous with
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respect to broadening inter-agency support, particularly in the context of land-ocean
interactions.

Overall, the questions posed as part of ABoVE thus far were considered
consistent with various ongoing and evolving programs focused on climate change more
broadly, and changes in the ABR more specifically, although each group recognized that

the science questions will continue to be refined (next by the Science Definition Team).

Addressing linkages among the land, atmosphere and coastal oceans

The external review panel of the scoping study report included the statement that
“the potential for major scientific advances and societal payoffs seems much greater if
the study addresses the entire system.” This challenge was partly addressed by the
groups in their discussion of how linkages might be made to study these systems
synergistically, while also recognizing that the scoping study was focused on NASA’s
Terrestrial Ecology program and that this broader focus would logically require a much
broader level of NASA and inter-agency support.

Ocean-land interactions were not extensively discussed by groups other than the
Water Group (possibly because it was the 314 of three questions they were tasked with
addressing and time was limited). The Atmosphere Group focused heavily on land-
atmosphere interactions, and suggested flux aircraft and tower site measurements
across a broader spatial domain, including eastern as well as western Canada (note
ABoOVE was scoped to focus on western Canada and Alaska). One proposal was for a
“ring of tall towers” that could partly serve this purpose. This group suggested that a
carefully-designed network of atmospheric sounding and profiling measurements of
CO. and CHy4, augmented by flux aircraft, could also help determine the large scale
patterns of carbon sinks and sources. They also indicated that current model
simulations constrained by these concentration and flux measurements could be used to
help define optimal site selection. Related aspects of their discussion are summarized in
the previous section (science questions) and revisited again in the next section
(overarching issues).

The Water Group focused on the process interactions and feedbacks that control
ecosystem vulnerability, noting that ABoVE should not focus so much on the oceans per

se but rather on the terrestrial ecological and hydrological processes that influence
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coastal ocean processes — particularly river chemistry and export. There was some
discussion of how coastal ocean processes (e.g. circulation) and physical properties (e.g.
temperature) would influence land processes (e.g. productivity, seasonality). They felt
the boundary defining “coastal ocean” was not entirely clear, but could be defined by
bathymetric contour lines (isobaths). Much of the land processes relevant to the coastal
ocean were focused on closing the water balance and various aspects of terrestrial
hydrology (e.g. identifying water flow paths and how they interact with soils and
vegetation to define biogeochemical processes, the influence of permafrost thaw and
thermokarst features, remote sensing of permafrost and soil moisture, snow-shrub
interactions, changes in lake extents and distributions, incorporating lateral transport in
models). The group also noted that river connectivity affects the quality and quantity of
water output from basins, and the seasonality of connectivity strongly influences the
quality of the water exported. Permafrost thaw, in particular, changes the relative
proportion of vegetation cover types, which in turn influences hydrological functions
including the volume and timing of runoff (export). There were previous studies in the
region that could provide some historical reference and data addressing these topics, but

those were not focused on capturing change dynamics.

Overarching issues and knowledge gaps

Among all groups, there were concerns expressed as to whether sufficient
emphasis was being placed on identifying and improving upon the weaknesses of
models (ecosystem / biogeochemistry models and physical climate system / Earth
system models). Most participants felt that a well-defined modeling strategy, coupled
with a strong data/portal system, would be key to making ABoVE’s impact more than
the sum of its individual studies. The Land Group identified several areas in which
ecosystem / biogeochemistry models could be improved with observational / remote
sensing data sets and vetted products, but there was a strong sense that ABoVE needed a
well-defined modeling strategy. This was also emphasized by the Atmosphere Group in
the context of physical climate system models and a desire to ensure that the more local-
to-regional scale measurements, remote sensing and ecosystem / biogeochemistry
models would be sufficiently representative of, and/or could be spatially scaled to be

representative of, pan-Arctic/boreal processes in the context of global climate change.
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The group noted “modelers need source/sink patterns of CO., CH, and energy balance
and fluxes in time and space.” Others noted that these observational data sets and
derived products alone were extraordinarily valuable for capturing processes and
understanding dynamics and linkages to seasonal and inter-annual variability in land-
atmosphere interactions and climate feedbacks.

There was also some debate regarding the plans for ABoVE (as presented in the
scoping study report versus the “expanded scope” recommended by NASA's review
panel and described in the expanded Executive Summary) to address key issues of
societal importance in the region, including collaboration with resource management
agencies and local stakeholders, while also addressing the needs of Earth system models
focused primarily on broader global climate change research objectives. NASA and the
Science Definition Team formed for ABoVE (to be determined) will clearly need to
consider an appropriate balance and the extent to which research conducted in a
regional field campaign (whatever its ultimate spatial extent) can inform not only local
and regional decision-making and management needs, but also provide the fundamental
information needed to drive global models, scale from site to regional, continental and
even pan-Arctic/boreal extents, and inform physical climate and integrated Earth
system models. No field campaign can be expected to fully meet all these needs —
regardless of the spatial extent or intensity of measurements - but ongoing efforts can be
leveraged, synergies emphasized, and scaling efforts based on field-calibrated remote
sensing products prioritized.

Overall, there was consensus that the possible contributions of NASA through
ABOVE include scaling field measurements and process understanding to larger areas
using remote sensing, taking advantage of emerging remote sensing technology and new
missions, and improving models of ecosystem processes and land-atmosphere
interactions. All of the breakout groups strongly felt the Arctic/boreal region was a high
priority focus and that the science objectives were compelling and highly relevant to
NASA, as well as to other national and international programs focused on climate and
the Arctic/boreal systems, particularly the cross-disciplinary nature of the land-
atmosphere-water interactions. There was also a general consensus that there was a
great deal of research in the proposed study domain that could be leveraged and that the

synthesis aspect was particularly important. Related, there was recognition that
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synthesis is the most challenging part of interdisciplinary research, but that it should be
a priority for ensuring that ABoVE is ultimately greater than the sum of its parts, i.e.
much more than a series of non-coordinated studies. In this regard, there was consensus
that a 10-year study was appropriate and valuable for ensuring that synthesis could be
emphasized and thereby captures the processes driving the rapid changes taking place

across the region.

4. Inventory of Research Efforts Relevant to ABoVE

Prior to the ABoVE Workshop in Boulder, staff of NASA’s Carbon Cycle &
Ecosystems Office continued the effort begun by the authors of the ABoVE Scoping
Study to identify programs, projects, data, and field sites relevant to ABoVE. The goal
was to summarize existing and proposed research projects that could contribute to
addressing the key science questions, as well as archives that provide relevant data, and
identify key collaborations for ABoVE to seek. Sources of these included the appendices
of the ABoVE Scoping Study; comments solicited from the general community and from
peer reviewers; planning documents and white papers from other Arctic/boreal
programs; and web-based searches.

An inventory of more than 293 Programs and Projects; 74 Data Centers and
Portals; and 898 Field Sites in 23 networks, was reviewed by workshop participants,
who identified additional elements included in the appendices of this Workshop Report.
These serve as a resource to the Science Definition Team which will create a concise

interdisciplinary experiment plan for ABoVE (Appendix C).

5. Critical Next Steps

For the third breakout session (Thursday afternoon, June 14), the workshop
participants were tasked with the question: “What do we need to be ready?” Groups
were asked to discuss the near-term actions required to “mature” the ABoVE science
and implementation plan for the campaign. The breakout groups converged on similar
issues related to 1) Goals, Questions and Hypotheses; 2) Partners and Stakeholders; 3)
Data Management; 4) Implementation and Logistics; and 5) Modeling Efforts. In

addition, there were several issues that arose in just one group and emerged as
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important discussion topics during the last plenary session on Friday morning (June
15). The latter included the role of Canadian researchers in the near-term actions, the
spatial extent of the ABoVE study region, and discussions on emphasizing evaluation of
regional vulnerabilities to climate change and informing local/national-scale decision
making versus an emphasis on improving global climate change projections and

informing national/international-scale decision making.

Goals, Questions and Hypotheses

All breakout groups converged on the need for refining the overarching questions
(i.e., Tier 1 questions) of the Executive Summary. There were differences in opinion
among groups as to whether this activity should come before the identification of a
Science Definition Team (SDT), which will write the Concise Experimental Plan, or
alternatively, whether this would be the first task of the SDT. One group suggested that
the current leadership rephrase the Tier I questions based on input from workshop
participants with the goal of making them more saleable to a general scientific audience
and to policy makers. Another group suggested that the Tier 1 questions be prefaced by
a vision statement or meta-question emphasizing the overall scientific importance of the
campaign to global biogeochemical cycles and climate and the relevance of the science
goals to human health and welfare. Finally, a group suggested that the Executive
Summary emphasize the unique capacity of NASA’s Terrestrial Ecology Program for
developing a field campaign to address the ABoVE goals and science questions,
including the capacity of integrating novel remote and airborne sensing technologies,
legacy remote sensing data sets, field measurements and modeling.

Discussion of the constitution of the SDT generated a diversity of opinions in the
Friday morning plenary session. One group stated repeatedly that Canadian researchers
and scientists needed to be included on the SDT to ensure adequate coverage of
Canadian interests and sites and provide motivation or leverage for Canadian
organizations to contribute to the campaign. Another group emphasized the importance
of including broad technical expertise in the key interdisciplinary areas of near-shore
oceanic and tropospheric processes, economics and risk assessment, policy relevance,

and socio-ecological systems.
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Partners and Stakeholders

All breakout groups agreed that following refinement of the Tier 1 questions, the
key next step should be establishing connections with science and management groups
involved in observational and experimental activities in the ABoVE study region.
NASA’s Carbon and Ecosystems Office is compiling a database of relevant research
programs and organizations in the ABoVE region (see Section 4); this will be used to
identify relevant datasets and partner researchers or organizations. In light of the
likelihood for cross-agency and cross-border partnerships, it was recommended that the
leadership of ABoVE garner political support and initiate formal arrangements (e.g.,
Memorandums of Understanding) with other agencies and governments.

Partner organizations discussed included DOE’s NGEE project in Alaska, NSF’s
LTER network, NEON, a variety of Canadian research groups (CFS, NSERC, CSA),
JAXA, ESA, and Coastal/Marine Groups (e.g. ART, OCB). Several models for
integration were suggested, including the International Polar Year campaign, BOREAS
and LBA. To facilitate connections and inform the policy makers who might also
facilitate connections, it was suggested that NASA’s Carbon and Ecosystems Office
develop a crisp briefing brochure and/or PowerPoint presentation with regional
imagery.

In the plenary session, there was enthusiasm for visioning the educational scope
of ABoVE via outreach with stakeholders, local educational organizations, and the
institutions associated with the scientists involved. Suggestions included local
stakeholders such as residents of rural communities in Alaska and Canada. There was
emphasis on the importance of initiating a dialog and establishing a liaison with the
residents of the region. Also discussed was the scientific legacy of graduate and
undergraduate students who will be trained as part of the campaign; an educational
specialist could also design a formal, interdisciplinary program for graduate training as
part of the project.

During breakout session 2 on the societal importance of ABoVE research, several
breakout groups recommended that a series of workshops or a working group be
organized to discuss and identify societal information requirements on the impacts of

climate change. In particular, the working group/workshops should focus on
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information requirements from the resource management and economic forecasting
and risk management communities. The workshop could identify specific information

products and the best avenues for providing these products to the stakeholders.

Data Management

The breakout groups identified access to existing and planned research products
and datasets relevant to the ABoVE region as crucial for moving forward. One group
suggested that metadata, at the least, be made available through a tool or portal so that
it is accessible to the SDT and to those writing proposals. There was also agreement that
researchers and scientists sponsored through ABoVE work from a unified suite of base
maps/datasets (e.g., digital elevation maps, climate downscaling, surficial geology in
common projection, resolution, and format).

All groups lobbied for definition of the ABoVE data system as a high priority,
near-term action, suggesting that data and computer systems personnel should receive
dedicated financial support and be engaged from the start of the program.
Authorization of a standing working group was suggested, as was a workshop organized
to design the data system functionality. By engaging science investigators and data-
sharing agencies, this working group could develop a data policy and a data
management plan and a data policy to facilitate data preparation, sharing, discovery,
integration, and analysis. The Friday morning plenary group discussed some lessons
learned from previous large field campaigns, suggesting that retrospective analysis

might help avoid the data management pitfalls previously encountered.

Implementation and Logistics

The breakout groups agreed that a plan for implementation and logistic support
should be developed concurrent with the Concise Experimental Plan. This will enable
recruitment of partners and costing of logistics support. They noted the implementation
plan needs to be balanced between enough structure for logistics planning, but not so
much structure that potential partners or proposers would feel constrained or excluded.
An activity that should be carried out in conjunction with the implementation plan is the

development of a business plan and a cost-estimate analysis. The latter will be
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important for prioritizing resources among ground, remote sensing, modeling and
human dimensions research activities.

Site selection was a key topic discussed by the breakout groups and in plenary.
One group recommended that an access map be developed that would include current
infrastructure (e.g., in situ measurement sites, roads, airports, evacuation points,
hospitals) and regulation of travel (e.g., closed airspace, winter-access roads).The
efficacy of access should be carefully considered as part of the experimental design. In
addition, a watershed or airshed approach to site selection could facilitate
interdisciplinary connections between terrestrial ecology and tropospheric or oceanic
studies. Once sites are identified, it will be necessary to apply for research permits from
land management agencies in Alaska (BLM, AKDOF, FWS, NPS) and in Canada, as well
as seeking permission for access to sites on lands owned by native corporations.
Because the permitting process can take over a year in some cases, it will be important
for the implementation plan to include a timeline for permitting. When sites are
identified, it will also be important to establish dialogs with rural village and First
Nation groups in Alaska and Canada. Finally, the working groups suggested that the
implementation plan include measurement protocols that are consistent with
established protocols from other large-scale networks, such as AmeriFlux or NEON.

Finally, there was substantial discussion in the plenary session about the
geographic domain of the ABoVE study region with emphasis on the need to determine
an appropriate balance between local and global issues in this regional-scale campaign.
Refining the Tier 1 questions will help constrain the geographic scope of the campaign.
It was suggested that with ABoVE field activities restricted to Alaska and northwest
Canada, modeling could be efficiently used to explore the applicability of findings to the
pan-Arctic/boreal region. The question of scale was also raised: different study goals
and questions require different scales, and it was not clear to some of the participants
whether the current regional scope would be adequate to test all questions (e.g., those
related to the continental-scale tropospheric processes represented in atmospheric
inversion models). Other participants felt that expansion of the geographic domain of
the field campaign would dilute the ability to understand ecological processes and

regional patterns in the highly heterogeneous landscapes of the ABR. Moreover, an
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expanded geographic range would increase costs and risks of providing logistic support

to scientists in the field.

Modeling Efforts

The breakout groups agreed that the key first step for the modeling component of
ABoVE will be identifying the gaps and problems with the performance of current
models. Several efforts, listed in Appendix C, highlight the need to link some of the
observational goals of ABoVE with allied efforts to directly address model weaknesses.
It was suggested that either new or ongoing activities to calibrate and compare large
scale, gridded models could serve this purpose. Modeling activities, if carried out prior
to the field campaign, could be used to identify core ground based measurements
needed for resolution of modeling issues. In addition, participants suggested that the
SDT should prescribe a modeling strategy for the campaign, determining the types of
models needed and the study design necessary to calibrate and evaluate those models.
Change in the ABoVE region is likely to have important consequences for global
biogeochemistry and climate, and modeling will be our primary avenue for the

prediction of these consequences.
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List of Acronyms and Abbreviations

ABoVE
ABR
AirMOSS
AKDOF
ART
BLM
BOREAS
CarboNA
CARVE
CCEO
CFS

CSA
DAAC
DOE
EOS
ESA
FIFE
FWS
ICESat
IPCC
IPY
JAXA
JPSS
LBA
LCC
LTER
NEON
NEP
NGEE
NPS
NRC
NSERC
NSF
NSSI
OCB
0CO
SAR
SDT
SEARCH
SMAP
TE
UCAR
USGCRP
VuRSAL

Arctic-Boreal Vulnerability Experiment

Arctic and Boreal Region

Airborne Microwave Observatory of Subcanopy and Subsurface
Alaska Division of Forestry

Arctic in Rapid Transition

Bureau of Land Management

Boreal Ecosystem-Atmosphere Study
Canada-U.S.-Mexico Carbon Program in North America
Carbon in Arctic Reservoirs Vulnerability Experiment
NASA Carbon Cycle & Ecosystems Office

Canadian Forest Service

Canadian Space Agency

Distributed Active Archive Center

Department of Energy

American Geophysical Union’s EOS magazine
European Space Agency

First ISLSCP Field Experiment

Fish and Wildlife Service

Ice, Clouds and Elevation Satellite

Intergovernmental Panel and Climate Change
International Polar Year

Japanese Space Agency

Joint Polar-orbiting Satellite System

Large-scale Biosphere-Atmosphere Experiment in Amazonia
Landscape Conservation Cooperative

Long Term Ecological Research

NSF National Ecological Observatory Network

Net Ecosystem Production

Next Generation Ecosystem Experiment

National Park Service

National Research Council

Natural Sciences and Engineering Research Council of Canada
National Science Foundation

North Slope Science Initiative

Ocean Carbon & Biogeochemistry

Orbiting Carbon Observatory

Synthetic-Aperture Radar

Science Definition Team

Study of Environmental Change in the Arctic

Soil Moisture Active Passive

Terrestrial Ecology

University Center for Atmospheric Research

U.S. Global Change Research Program

Vulnerability and Resiliency of Arctic and Sub-Arctic Landscapes
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Appendix A — Timeline of Activities Associated with the Arctic-
Boreal Vulnerability Experiment (2009-2012)

In June of 2009, a scoping study funded by NASA’s Terrestrial Ecology Program
was initiated to develop the scientific rationale for a new field campaign to follow
previous NASA-sponsored campaigns (FIFE, BOREAS, and LBA). The title of the
proposal for this scoping study was - Vulnerability and Resiliency of Arctic and Sub-
Arctic Landscapes (VuRSAL) - the Role of Interactions between Climate, Permafrost,
Hydrology, and Disturbance in Driving Ecosystem Processes. The goals for this
scoping study were to: (1) identify the science question(s) and issues to be addressed
through the field campaign; and (2) develop a plan for a research program to address
these questions and issues that includes a field experiment/campaign. In addressing
goal 1, the scoping study was to also discuss the current state-of-the-science, identify the
potential for a major, significant scientific advancement, and explain the central, critical
role of NASA remote sensing. In addressing goal 2, the scoping study was to describe the
essential scientific components of the study and why coordinated teamwork is required
in their implementation, develop an overall study design identifying the required
observational (e.g., spaceborne, airborne, and/or supporting in situ observations) and
analytical (e.g., models, data, and information system) infrastructure, and assess the
feasibility of the proposed field campaign, both technical and logistical. In carrying out
the scoping study, efforts to engage the broader research community were to be
undertaken in order to seek feedback on the ideas and to assess interest. Finally, the
scoping study was to identify the disciplinary skills needed to conduct the study and
engage potential partners in their planning activities.

An initial workshop was organized and conducted at the University of Alaska in
August 2009. The attendees of this workshop provided the members of the scoping
study team with suggestions for the research themes that would be addressed during the
proposed field campaign, the important scientific questions that required addressing,
and the key elements of the research needed to address these questions. Based on the
suggestions from the workshop, the name for the proposed field campaign was changed

to the Arctic-Boreal Vulnerability Experiment (ABoVE). Using the inputs provided from
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the workshop participants, the scoping study report (The Arctic-Boreal Vulnerability
Experiment (ABoVE): A Concise Plan for a NASA-Sponsored Field Campaign) was
generated. A draft copy of this report was made available for review by the broader
scientific community in the summer of 2010. Based upon comments received, the draft
report was revised, and the final report submitted to NASA in October 2010.

In the spring of 2011, an article on the ABoVE scoping study was published in the
American Geophysical Union’s EOS weekly newsletter (Goetz et al. 2011). In the
summer of 2011, NASA’s Terrestrial Ecology Program solicited comments

The NASA Terrestrial Ecology Program (TE) requested community input on the
Arctic-Boreal Vulnerability Experiment (ABoVE) plan that was submitted in October
2010. Comments were sought from the research community (via community-wide email

request and TE Web site request) regarding;:

1. The scientific value, importance and priority of the research questions; and

2. The appropriateness of the scientific implementation approach and methods.

These comments were then provided to the Terrestrial Ecology Field Campaign
Working Group, which provided an integrated evaluation of the merits of the ABoVE
concept, and made specific recommendations for next steps based on a workshop held
in August 2011. The working group found that the proposed study had high merit, but
required a modest amount of further study/planning before being ready for partnership
discussions and more detailed planning of the study design. The working group
recommended that NASA should move ahead with the ABoVE field campaign concept,
but consider broadening its scientific scope to allow for a more whole-system (land-
ocean-atmosphere-humans), integrative study of change in the High Northern Latitude
region of western North America. They also recommended that a single, compelling
overarching goal statement that makes clearer the societal importance of the study was
needed. The complete report from the Terrestrial Ecology Field Campaign Working
Group is included as Appendix B to this report.

During the spring of 2012, the Executive Summary of the ABoVE scoping study
report was revised based on these recommendations, and a workshop was organized to

evaluate these revisions and suggest next steps for the ABoVE field campaign. This
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workshop was convened at the University Center for Atmospheric Research (UCAR) in

Boulder, Colorado, on June 13-15, 2012.
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Appendix B

NASA Terrestrial Ecology Field Campaign Working Group

Summary of NASA Review of ABoVE Scoping Study Report and
Recommended Next Steps
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NASA Terrestrial Ecology Field Campaign Working Group

Summary of NASA Review of ABoVE Scoping Study Report and
Recommended Next Steps

The NASA Terrestrial Ecology Program requested community input on the ABoVE plan.
Comments were sought from the research community (either via the Terrestrial Ecology
Web site or emails directly to Diane Wickland) regarding:

1) the scientific value, importance and priority of the research questions and
2) the appropriateness of the scientific implementation approach and methods.

The Terrestrial Ecology Program’s Field Campaign Working Group then met as a panel
with Diane Wickland and Peter Griffith (CC&E Office) to consider the comments from
the community, offer their own comments, and prepare an integrated statement regarding
the findings of the review and any recommended next steps. The panel was charged with
evaluating/commenting on the following:

1) The scientific value, importance and priority of the research questions.

2) The appropriateness of the scientific implementation approach and methods.

3) Feasibility. (Please address 1) the probability of success in achieving its
scientific goals and objectives and 2) the implementation plan (e.g., logistics, cost,
management).)

4) Next steps. If NASA decides to further develop the planning for this field
campaign, what aspects of the plan need the most work, and what would be the
next logical step or steps?

The panel was also asked to rate the proposed field campaign as to its readiness to
proceed by selecting one of the following categories:

1. This field campaign is of high merit and ready to move into implementation
(ready for a solicitation, securing partners, planning field infrastructure).

2. This field campaign is of potential high merit, but needs further
study/planning.

3. This field campaign should not be pursued further.

SCIENTIFIC VALUE, IMPORTANCE AND PRIORITY OF THE RESEARCH
QUESTIONS

The arctic and boreal regions are experiencing rapid rates of climate change, and the
ecosystem is changing in response. This region is clearly the first place to look to see the
effects of global climate change and study the processes of change. These responses will
play important roles as feedbacks to climate change, and our ability to quantify those
feedbacks is hampered by incomplete understanding of the vulnerabilities of carbon
stocks and ecosystem processes to climate change and other human disturbances. Key
attributes characterizing the arctic/boreal region of interest for this study are permafrost



and snow cover, where the state of water is a major controlling factor. Hence, this region
along with the types of studies outlined in this proposal rank very highly with regard to
scientific value and importance.

While the three overarching questions are good, the panel believes they should be
refined. We suggest questions 1 and 2 become second tier questions, with the
development of a new, single overarching question based on question 3, focusing on
current processes and resulting future changes. The positive feedbacks to climate change
are of uncertain magnitude and timing, with significant effects on climate, and we
urgently need to narrow those uncertainties. Thus, modification of the third question
about future states and feedbacks focuses on the main societal motivation for this project.
This question should also be rewritten to make it more understandable to non-scientists.
The first two questions are important steps in the pursuit of the science, and are necessary
to answering the third question of this effort. However, the research questions are vague,
and should be reworked to emphasize specific knowledge gaps. Additional focus in the
overarching questions should be on societal impacts of climate change on local
communities and land management agencies, the adaptations that may be required, and
how human responses to those changes could have further impacts on biophysical
responses in the region.

Although beyond the charter of the original scoping study, the panel strongly
recommends that efforts should be made to expand the scope and science question(s) to
include ocean-ice-land-atmosphere (and possibly human system) interactions. It is clear
that there are strong interactions among these elements of NHL systems, and the potential
for major scientific advances and societal payoffs seems much greater if the study
addresses the entire system. While increasing the complexity of the study, a field
campaign is one way to get these communities working together in an integrated fashion.
It is also worth noting that a study so scoped would be timely and well-suited to NASA’s
experience in the successful conduct of interdisciplinary science — such an integrative
study would not have been possible 10 years ago (before, for example, ARCTAS,
HIPPO, ICESCAPE, ICESat and IceBridge, and the many site-specific field programs
sponsored by NSF, DOE, USDA, USGS, and NASA).

The panel recommends that NASA consider expanding the scope of ABoVE to include a
pan-arctic/boreal perspective, but with clear recognition that field studies funded by
NASA to fill knowledge gaps be limited to northwestern North America. There are
important differences between the Eurasian and North American high latitude regions.
Similar field studies could be encouraged in other regions, and ABoVE could provide a
framework for assembling data from all regions and modeling and remote sensing at a
range of scales. Although a pan-arctic scope may be necessary for answering the
questions as well as we would like, the limitation of doing field studies only in Alaska
and northwestern Canada should not be viewed as an unacceptable impediment to making
significant progress towards answering the science questions. The study should not wait
until the end to engage researchers from other regions to participate in modeling, remote
sensing, and synthesis efforts. However, the majority of panel members agreed that an



important study with compelling, high-payoff results could be conducted without a
Eurasian element.

Care should be taken about making quantification of “tipping points” a major part of the
justification of this project. We may not be able to foresee them even with the best of
science, so setting the quantification of tipping points may be setting an unachievable
goal, thereby setting up for failure, but also it may be distracting from quantifying the
importance of current and projected rates of change. Whether these changes are
irreversible (past a tipping point) or not is extremely important, but even if they are
reversible, they are also very important, so let focus first on what we can do best, which it
to quantify the rates of those change and make the best possible projections for the future.

APPROPRIATENESS OF THE SCIENTIFIC IMPLEMENTATION APPROACH
AND METHODS

As a scoping document, the description of scientific implementation is very good, and
can lead to a detailed science plan. However, the report states that the significant
knowledge gaps on the cause and impacts of climate change in the HNL region provide
the basis for the research, but the key questions given for each science theme are general,
not clearly specifying these gaps. Though these gaps will be identified in Phase I, the
scoping study would be strengthened if these gaps were emphasized in the report based
on previous studies. The ongoing and planned research activities in the region were
mentioned but not reviewed. This causes uncertainties on the scope of necessary research
for ABoVE. Much more work will need to be done to prepare a science plan, and even
the science plan will need to be flexible enough to allow for questions introduced in the
initial modeling studies and innovations from investigator team proposals, but it is clear
that enough thought has already been given to the project to ascertain that it is
compellingly important and can be feasibly implemented.

Many of the email and Web comments pointed out that there is a lot of research already
being conducted in northwestern North America, and it will be 1) challenging to offer
something new or more than just incrementally different in a discipline-oriented study
and 2) NASA will need to focus on research activities that add value to the rich diversity
of recent and ongoing research in the region. An approach that attempts to pull these
things together, fill in key missing elements/information, and provide an integrated
synthesis at a regional scale should be considered

The implementation approach relies on an integrated program office to attempt to funnel
breakthroughs in understanding to the modeling team and initiate and maintain a data
information system. Smaller, more traditional field efforts will be carried out during the
middle phase of the project as individually funded multidisciplinary science projects (and
as efforts funded under other NASA projects). It is a concern that this will require an
extremely active and focused integrated program office to coordinate between the
disparate groups funded for small science projects and the modeling team. It was
difficult to identify clear lines of authority/responsibility in the management structure



proposed. Admittedly the particulars of this coordination are not laid out in the proposal
but instead are supposed to be solidified during the initial phase of the project. This will
be the most challenging aspect of the plan. The panel would have liked to see more of a

plan on how this is going to work. The budget indicates plans for a fairly large program
office made up of science postdocs and project support personnel — there was support for
this idea but it could easily turn into a bureaucracy and will require careful management.

The rationale for the selection of primary study sites and the gradients that they represent
was not clear or compelling. The plan felt formulaic. There could be other approaches to
filling gaps in existing datasets. More emphasis should be placed on identifying and
leveraging already existing study sites and field measurement infrastructure. These might
include locations where there are long-term records of climate data, stream discharge or
chemistry, historical photos of vegetation cover, previous measurements of fluxes and C
stocks for aboveground biomass and soils, and archived soil samples. They could
include, but not be limited to, LTER sites, new NEON sites, former BOREAS sites,
gauged watersheds, etc. There is no clear link between many of the measurements listed
and science questions, and it appears to be more of a “laundry list” than a well-justified
plan. If the AboVE field campaign proceeds to the next level, the traceability of these
measurements would need to be strengthened. This would include the placement of field
plots/transects and intensive study areas.

Ecosystem recovery also requires more attention, since disturbance seemed to dominate
the discussion.

The scoping study did not identify any new remote sensing methodologies or algorithm
development. The use of new or advanced remote sensing products for monitoring this
region should become a higher-level goal of the study.

It would be interesting to challenge the modeling community to see if implementation of
the modeling component could include the development of a community model. This
would be more novel and compelling science than would the usual approach of funding
half a dozen modelers, each with expertise in a particular model, and then doing a model
inter-comparison. The community model approach could allow various model
component contributions to be linked.

The comments from the community included many hints of resources that the authors of
the scoping document may not have known about. This is not a criticism of the scoping
study, but rather an encouraging sign that it is serving one of its objectives of stimulating
broader interest.

More attention may need to be devoted to engaging the network of colleges of indigenous
peoples in the region. There should be many opportunities for undergraduates and
faculty from these colleges to participate in the project as interns, RAs, field technicians,
and co-Pls.



FEASIBILITY

There were concerns with the vision for the implementation structure. Overall, it appears
to be overly complicated. The layers of organization shown in Figure 10 seem too
complex and daunting. While it is true that the scientists who would affiliate with these
working groups (permafrost, ecosystem dynamics, etc.) will organize sessions,
workshops, and special issues of journals, which is to be encouraged, we don’t believe
they need formal structures with co-chairs. Similarly, is there a need for a RS or field
study-coordinating group? Only if airborne studies require significant coordination of
aircraft resources would that be needed, and even then, that is a function that the Project
Office should be assigned.

An information system group is clearly needed, although it, too, might come under the
purview of the Project Office. Creating all of these coordinating groups and working
groups sounds like good organization and we recognize and encourage this effort to be
inclusive, but fear that it will stifle interdisciplinary collaboration. A strong SSG and
Project Office can provide the coordination needed for the success of the project, as was
done in LBA.

The formation of a modeling group before starting the field work, assuming that the
modeling will reveal gaps that could inform the field work, is a good idea. However, the
modeling effort is scheduled to begin only one year before the field work, which will
certainly not be enough time to produce modeling results that could influence the
direction of the field work. It takes at least a year to get the modelers organized and to
assemble input data, and then at least one more year to run models and make sense of the
simulations. We suggest that the modeling effort could begin simultaneously with the
work of a Science Definition Team. An initial modeling effort could be planned and
funded independent of the ultimate science plan and could produce modeling results in
time to help guide selection of field studies. Subsequent modeling efforts could then
follow further modeling and data-model fusion objectives articulated in the science plan.

The use of data from a variety of institutions points to the importance of the information
system as the core of ABoVE. The information system will not only store and distribute
data, but will be an important conduit of communications between these groups. The
development of products from remote sensing and modeling will provide frameworks to
tie together data from a wide variety of sources. Since data management and distribution
are keys to the success of this effort, it will require coordination with existing DAACs to
ensure the timely release of data.

Cost comments ranged from “simply stunning” on one hand, while others thought it was
appropriately budgeted or even under-budgeted. The budget is dependent on how much
new field infrastructure is required. Trying to address all 7 focus areas may be a bit
ambitious, there may be a need to establish priorities. Modeling is an important result of
this effort and may need a bit more support (it is currently only allotted half the finances
being proposed for the program office). The multidisciplinary support is probably correct
(given that the emphasis should be more on coordination and modeling).



Logistics for the study region will be challenging. Travel and working in this region can
be dangerous and safety issues must be paramount. But, there are a number of studies
being done in this region (e.g. DOE or NEON) that could be leveraged by ABoVE.
Funding for logistics also looks reasonable with the exception of the funds to reach
remote sites, which may be underestimated.

The probability of success for greatly advancing the scientific understanding of this
region is very high. We may not succeed in quantifying tipping points or narrowing the
uncertainties of future feedbacks to climate change as much as we would like, but we are
confident that major advances will be made.

RATING: 1.5 The panel assessment fell between the top two choices. This study is of
high merit and ready to move toward implementation. It is not yet ready for a
solicitation, but requires only a modest amount of further study/planning before being
ready for partnership discussions and more detailed planning of the study design.

Recommendation: NASA should move ahead with this field campaign concept, but
consider broadening its scientific scope to allow for a more whole-system (land-ocean-
atmosphere-humans), integrative study of change in the Northern High Latitudes (NHL).
A single, compelling overarching goal statement that makes clear the societal relevance
of the study is needed. For these reasons, a bit more study and planning are needed.

ADDITIONAL COMMENTS

Eurasia is quite different from Alaska and North America in many respects (e.g., yedoma
soils, deciduous conifers). The existing facilities (e.g. flux towers) and results from
projects (listed under NEESPI) may provide adequate bases for including this area in the
ABOVE plan. This may require more work than mentioned in this report to get the
Integrated Modeling Framework suitable for entire HNL.

The first half of this report is an excellent summary of the state of research currently
being undertaken in the northern high latitudes. Perhaps a summary journal article could
be published preserving that portion of the text? The team is to be commended on their
background research.

NEXT STEPS

In parallel:

1) Revise the Executive Summary and Science Questions to respond to review
findings. An over-arching top-level, clear statement of the goals and objectives
and expected payoffs from the field campaign is needed. Clear and compelling
justifications of the scientific priority for the study and its societal benefits will be
key to the success of this campaign.



2)

3)

4)

Consult with the ABoVE authors about how best to do these revisions. The
review panel recommended a small workshop might be appropriate for
developing this next statement of vision and science. Experts regarding societal
issues/contributions should be included. The panel suggested this could be
accomplished within 2 months.

NASA Headquarters (Wickland) to begin discussions with program management
colleagues about potential interests in joining a multi-disciplinary field campaign.
Start with colleagues at NASA HQ and within the U.S. Government. Don’t go
beyond potential interests or initiate discussions with programs outside the U.S.
until the revised Executive Summary is available to share with them.

Look into capturing/extracting some of the detailed comments from the Web and
email inputs in ways they can be made available for further planning.

After that, begin developing a plan/strategy for advancing into implementation:

1)

2)

4)

5)

6)

Producing a pre-solicitation science plan for the field campaign (e.g., Concise
Plan for LBA). The review panel recommended a series of coordinated
workshops, white papers and interagency meetings to refine the plan and foster
greater, broader buy-in.

Securing partners and commitments

Deciding what to solicit and when to solicit (i.e., should a Science Definition
Team be solicited or appointed to develop pre-solicitation science plan? How
much in advance of any field activities should the modeling be solicited? Also do
we need to invest in data mining for recent campaigns/studies? Should we invest
in model development (make sure we have models that are optimized for NHL
systems with permafrost, snow/ice; consider a “community model”)?

Conducting a more comprehensive survey of recent and current activities in the
region relevant to our goals/objectives and needs.

Evaluating how much existing field infrastructure and current studies in the
region can/should be leveraged for this campaign versus what we will need to put
in place anew.

Defining a management structure that allows for multidisciplinary, multinational
partnerships within a well-coordinated remote sensing, field, analysis, and
modeling program.
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FIELD SITES

Field Site . . . No. of
Network Project Title/Program Title Sponsor Sites*
AERONET Aerosol Robotic NETwork Program NASA 3
AmeriFlux AmeriFlux DOE 8
ARC Atqasuk Research Center Barrow Arctic Science Consortium 1
ARM Atmospheric Radiation Measurement Program DOE 2
BEO Barrow Environmental Observatory Barrow Arctic Science Consortium 1
BERMS Boreal Ecosystems and Monitoring Sites Env. Canada, DOI-FWS 7
Blue Lab The Blue Lab, Climatology at Tent University CFCAS, Trent University, NSERCC 3
CALM CircumArctic Active Layer Monitoring Network/CALM I NSF, Others 98
CEOP Coordinated Enhanced Observing Period - Wolfcreek WCRP/GEWEX, U of Saskatchewan, Env.Canada 1
CPMN Canadian Permafrost Monitoring Network Geological Survey of Canada 64
Fluxnet Fluxnet-Canada and Canadian Carbon Program Environment Canada 39
GTN-P Global Terrestrial Network for Permafrost Multiple Agencies 184
LTER Long Term Ecological Research Network NSF 2
MAGS The Mackenzie Global Energy and Water Balance Exp. Environment Canada 10
Mesonet NWS Anchorage Mesonet/ Fairbanks Mesonet NWS 6
NASA NPP Net Primary Production Project NASA 5
NEON National Ecological Observing Network NSF 7
NGEE Next-Generation Ecosystem Experiments - Arctic DOE 2
NOAA GMD NOAA ESRL Global Monitoring Division NOAA 9
NWS Alaska NOAA National Weather Service NOAA 143
SCAN Soil Climate Analysis Network USDA NRSC 6
SNOTEL SNOwpack TELemetry NRCS, NwCC 63
TPRN Taiga Plains Research Network Wilfrid Laurier University 215
* Totals include sites not pictured on map, such as mobile sites and those without listed coordinates.
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PROGRAMS AND PROJECTS

Monitoring

Type Acronym Title Type* End Date Sponsor
; ;
Program |ABLE 3A 3A[:ctlc Boundary Layer Experiment R 1988 NASA
; ;
Program | ABLE 3B gctlc Boundary Layer Experiment R 1990 NASA
Program |ACCAP Alaska Center for Climate Cllmate R Current UAF, NOAA
Assessment & Polic
; 3
Program | ACCESS Arctic Qllmate Change, Economy Current Eur‘opean
an 1et Union
Project |ACIA Arctic Climate Impact Assessment |A 2004? NSF, NOAA
Alaska Department of Fish and
Program | ADF&G Alaska Department of Fish and Current ADF&G
Game
Alaska Dept of Natural Resources-
Program |ADGGS Div of Geological and Geophysical (M, R Current Alaska DNR
Surveys
Project |AERONET  |AErosolRObotic NETwork LM Current  |NASA
Program
Program |AGC Alaska Geobotany Center R Current UAF
Program | AICC Alaska Interagency Coordination M Current Alas!(a Fire
Center Service
Airborne Microwa at NASA Earth
Project |AirMOSS of Subcanopy & Subsurface R 2014 Venture
Mission Mission
Program |Alaska CSC Alaska Climate Science Center A Current DOI
Alaska Forest Health Protection
Project |Alaska FHP Program/ Alaska Forest Insect and |L, M Current gi&s/ Alaska
Disease Surveys
Alaska Region Inventory and
Program |Alaska I&M Alasl.qa Re ion_nventory and A LM Current DOI-NPS
Monitoring Program
Project |Alaska I&M Yukon Territory Forest Insect L,M Current Yukon Gov't
Outbreaks
Program | Alaska SDMI Al.a.skg Statewide Digital Mapping LM 2013 State of
Initiative Alaska
Proiect Alberta-Forest |Detecting and Monitoring of Forest L M Current Government of
d Pests Pests (Alberta) ’ Alberta, SRD
: :
Program |ALCC Arctic Lapdscap_e Conservation A, L R current DOI
Cooperative Program
Program |AMAP Arutie Mupieite el Ascamaen M Current Arctic Councel
Programme
Program | AmeriFlux AmeriFlux L,R Current DOE

*Monitoring Type: A- Assessment, E- Educational, L-Long-term, M-Monitoring, R- Research



http://eosweb.larc.nasa.gov/PRODOCS/gte/table_gte.html
http://eosweb.larc.nasa.gov/PRODOCS/gte/table_gte.html
http://eosweb.larc.nasa.gov/PRODOCS/gte/table_gte.html
http://eosweb.larc.nasa.gov/PRODOCS/gte/table_gte.html
http://ine.uaf.edu/accap/
http://ine.uaf.edu/accap/
http://www.access-eu.org/
http://www.access-eu.org/
http://www.acia.uaf.edu/
http://www.adfg.alaska.gov/index.cfm?adfg=home.main
http://www.adfg.alaska.gov/index.cfm?adfg=home.main
http://www.dggs.alaska.gov/
http://www.dggs.alaska.gov/
http://www.dggs.alaska.gov/
http://aeronet.gsfc.nasa.gov/
http://aeronet.gsfc.nasa.gov/
http://www.geobotany.uaf.edu/about/
http://fire.ak.blm.gov/aicc.php
http://fire.ak.blm.gov/aicc.php
http://airmoss.jpl.nasa.gov/
http://airmoss.jpl.nasa.gov/
http://airmoss.jpl.nasa.gov/
http://www.doi.gov/csc/alaska/index.cfm
http://www.fs.fed.us/r10/spf/fhp/fhpfront.htm
http://www.fs.fed.us/r10/spf/fhp/fhpfront.htm
http://www.fs.fed.us/r10/spf/fhp/fhpfront.htm
http://science.nature.nps.gov/im/units/AKRO/
http://science.nature.nps.gov/im/units/AKRO/
http://www.alaskamapped.org/sdmi/
http://www.alaskamapped.org/sdmi/
http://www.srd.alberta.ca/LandsForests/ForestHealth/ForestPests/DetectingMonitoringForestPests.aspx
http://www.srd.alberta.ca/LandsForests/ForestHealth/ForestPests/DetectingMonitoringForestPests.aspx
http://arcticlcc.org/
http://arcticlcc.org/
http://www.amap.no/
http://www.amap.no/
http://public.ornl.gov/ameriflux/

Program |AON Arctic Observatory Network LM Current NSF, NOAA
NOAA,
Program | AOOS Alaska Ocean Observing System LM Current USCG, USGS,
BOEMRE
Program |AOSB Arctic Ocean Sciences Board L,R Current Non-gov't
.y Research
Association of Polar Early Career .
Program | APECS AS.S oc1_at10n of Polar Farly Career E,R Current Council of
Scientists
Norway
Project |APEX The Alaska Peatland Experiment |R 2012 NSF, LTER,
USGS
Project |APRS Air Photo Record System L,M Current Alberta Gov't
Program |ARC N?ltl‘O‘Ilal Sc1ence‘Fou1.1dat10n R Current NSF
Division od Arctic Sciences
. Arctic Long Term Ecological
Project |ARC LTER Research Site (Toolik Lake R,L Current NSF
Arctic System Science Large Area
Project |ARCSS Estimates of Carbon Fluxes of M, R 2001 NSF at EOL,
: NCAR
Arctic Landscapes
Arctic Research of the Composition
Project |ARCTAS of the Troposphere from Aircraft R Current NASA
and Satellites.
Program |Arctic & Alpine | Arctic and Alpine Research Group |[R Current KEZ:;SHY of
Program |Arctic Council |Arctic Council L Current Intergovt.
Program |Arctic Net Al wbworhs of Centies of R Current U Laval
Excellence of Canada
Arctic: A Regional, Integrated
Program |ArcticRIMS Hydrological Monitoring System A, M, R Current NSF, NASA
for the Pan-Arctic Land Mass
: - ;
Program |ARCUS IAjrs tic Research Consortium of th R Current Non-profit
Program |ARM Atmospheric Radiation LM 2020 DOE
Measurement Program
Program |ARP Arctic Research Program R Current NOAA
Program |ASRC Arctic Slope Regional Corportation |-- Current Private Corp.
Arctic Transitions in the [Land-
Project |ATLAS Atmosphere System Grid Transect |A 1999 NSF
Northern Alaska
North Slope
Borough,
Ukpeagvik
Program |BASC Barrow Arctic Science Consortium |E, R Current Ifiupiat
Corporation,
Ilisagvik

*Monitoring Type: A- Assessment, E- Educational, L-Long-term, M-Monitoring, R- Research



http://aon.iab.uaf.edu/
http://www.aoos.org/
http://aosb.arcticportal.org/index.html
http://www.apecs.is/
http://www.apecs.is/
http://www.uoguelph.ca/Apex/APEX/Home.html
http://www.srd.alberta.ca/MapsPhotosPublications/AirPhotos/Default.aspx
http://nsf.gov/div/index.jsp?div=ARC
http://nsf.gov/div/index.jsp?div=ARC
http://ecosystems.mbl.edu/arc/
http://ecosystems.mbl.edu/arc/
http://data.eol.ucar.edu/codiac/dss/id=106.arcss022/
http://data.eol.ucar.edu/codiac/dss/id=106.arcss022/
http://data.eol.ucar.edu/codiac/dss/id=106.arcss022/
http://www.espo.nasa.gov/arctas/
http://www.espo.nasa.gov/arctas/
http://www.espo.nasa.gov/arctas/
http://arctic.eas.ualberta.ca/index.html
http://www.arctic-council.org/index.php/en/
http://www.arcticnet.ulaval.ca/index.php
http://www.arcticnet.ulaval.ca/index.php
http://rims.unh.edu/
http://rims.unh.edu/
http://rims.unh.edu/
http://www.arcus.org/
http://www.arcus.org/
http://www.arm.gov/
http://www.arm.gov/
http://www.arctic.noaa.gov/arp/
http://www.asrc.com/Pages/Home.aspx
http://data.eol.ucar.edu/codiac/dss/id=106.arcss084/
http://data.eol.ucar.edu/codiac/dss/id=106.arcss084/
http://data.eol.ucar.edu/codiac/dss/id=106.arcss084/
http://www.arcticscience.org/aboutBASC.php

College

British Columbia Natural

BC Ministry

Project |BC Disturbance Database (Fires and LM Current
of Forestry
Insects)
Program |BEO Barrow Environmental Observatory |L, M, R Current BASC
Boreal Ecosystems and Monitoring Env. Canada,
Program | BERMS Sites M, R Current DOI-FWS
Program |BEST Bering Sea Ecosystem Study R Current NCAR/EOL
burcéau o1 Land vianageément-
Program |BLM - Alaska Bureau of Land Management LM Current DOI
Alaska
. Alberta Biodiversity Monitoring Government of
Project |BMPI Institute LM Current Alberta
NASA &
The Boreal Ecosystem - .
Program |BOREAS Atmosphere Study (BOREAS) L,R 1998 Cana'ldlan
Gov't
Aboriginal
Program | BREA Beaufort Regional Environmental A 2015 Affairs and
Assessment Northern
Dev.Canada
Bering Sea Integrated Ecosystem
Program |BSIERP Bering Sea Integrated Ecosystem R Current NSF
Research Program
Bering Straight Research IARC, UAF,
Program |BSRC Consortium R Current NPS
Program |CAFF foperatnnnl A Plor and L Current Arctic Council
Fauna
CircumArctic Active Layer
Program |CALM Monitoring Network/ CALM II A LM Current NSF, Others
Project |CALON Circumarctic Lakes Observation M, R Current NSF
Network
Multiple
Program |CarboNA Carbon North American Program |L, R Current Countries and
Agencies
CarboNA-04: Assessing the
: .
. st tnce on the emetrial C CarboNA,
Project |CarboNA-04 - R 03/2011 NASA,
budgets of forested areas in USDA. CFS
Canada, Alaska, and the Western ’
Us.
CarboNA-07: Canadian Carbon
Program- Flux towers, atmospheric
Project |CarboNA-07 |GHG conc., top-down / bottom-up |R 09/2011 CarboNA

modeling, integration of process
and inventory models

*Monitoring Type: A- Assessment, E- Educational, L-Long-term, M-Monitoring, R- Research

CarboNA-09: Estimating the
Amount, Spatial Distribution, and



http://www.arcticscience.org/researchBases.php#1
http://berms.ccrp.ec.gc.ca/e-main.htm
http://berms.ccrp.ec.gc.ca/e-main.htm
http://www.eol.ucar.edu/projects/best/
http://www.blm.gov/ak/st/en.html
http://www.blm.gov/ak/st/en.html
http://www.abmi.ca/abmi/home/home.jsp
http://www.abmi.ca/abmi/home/home.jsp
http://daac.ornl.gov/BOREAS/boreas.shtml
http://daac.ornl.gov/BOREAS/boreas.shtml
http://www.beaufortrea.ca/
http://www.beaufortrea.ca/
http://bsierp.nprb.org/index.html
http://bsierp.nprb.org/index.html
http://www.beringstraitresearch.org/
http://www.beringstraitresearch.org/
http://www.caff.is/about-caff
http://www.caff.is/about-caff
http://www.udel.edu/Geography/calm/
http://www.udel.edu/Geography/calm/
https://sites.google.com/a/giesn.com/nsf-calon/
https://sites.google.com/a/giesn.com/nsf-calon/
http://nacarbon.org/carbona/index.htm
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=545
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=545
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=545
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=545
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=545
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=545
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=550
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=550
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=550
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=550
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=550
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=552
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=552

Project

CarboNA-09

Statistical Uncertainty of
Aboveground Carbon Stocks of the
North American Boreal Forest
Using the ICESAT-GLAS
Spaceborne Lidar

09/2011

CarboNA,
NSERC,
NASA

Project

CarboNA-10

CarboNA -10: Governement

Related Initiatives Program CSA-
AAFC: Adapting cropping systems
to climate variations: deriving
above-ground crop biomass from
hyperspectral reflectance and radar.

None
Provided

CarboNA

Project

CarboNA-11

CarboNA-11: National Agri-
Environmental Health Analysis and
Reporting Program: Agricultural
Greenhouse Gas Budget

03/2013

CarboNA,
AAFC

Project

CarboNA-12

CarboNA -12: National Carbon and

Greenhouse Gas Accounting and
Verification System — carbon

budget for agricultural land in
Canada

None
Provided

CarboNA

Project

CarboNA-13

arboNA-13: hemical

Landscapes-Sampling across
landscapes to survey soil contents

of various elements, including
carbon

None
Provided

CarboNA

Project

CarboNA-14

CarboNA-14: Yukon River Basin

studies--Lateral carbon transport,
monitoring and process studies,
influence of climate change,
especially lengthening growing
season and permafrost melting.

None
Provided

CarboNA

Project

CarboNA-16

CarboNA -16: Carbon distributions

and fluxes along the west coast of
North America

None
Provided

CarboNA

Project

CarboNA-17

CarboNA-17: Forest land dynamics

and management opportunities for
North America

None
Provided

CarboNA

Program

CARMA

Circumarctic Rangifer Monitoring
and Assessment Network

A, M, R

Current

Canada IPY
Program,
TIASC

Project

CARVE

Carbon in Arctic Reservoirs

Vulnerability Experiment (See
NACP-Miller-C-01

2014

NASA Earth
Venture
Mission

Program

CBMP

Circumpolar Biodiversity
Monitoring Program

Current

Env. Canada,
DOI-FWS

Program

CCI

Canadian Circumpolar Institute

Current

University of
Alberta

*Monitoring Type: A- Assessment, E- Educational, L-Long-term, M-Monitoring, R- Research

Natural



http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=552
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=552
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=552
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=552
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=552
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=553
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=553
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=553
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=553
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=553
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=553
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=554
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=554
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=554
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=554
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=555
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=555
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=555
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=555
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=555
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=556
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=556
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=556
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=556
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=556
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=557
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=557
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=557
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=557
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=557
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=557
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=559
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=559
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=559
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=560
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=560
http://nacarbon.org/cgi-bin/carbona/investigations/inv_pgp.pl?pgid=560
http://www.carmanetwork.com/display/public/home
http://www.carmanetwork.com/display/public/home
http://ilma.jpl.nasa.gov/portal/
http://ilma.jpl.nasa.gov/portal/
http://ilma.jpl.nasa.gov/portal/
http://caff.is/about-the-cbmp
http://caff.is/about-the-cbmp
http://www.cci.ualberta.ca/

Program

CCRS

Canada Centre for Remote Sensing

L, M, R

Current

Resources
Canada

Program

CEN

USGS Climate Effects Network

L, M, R

Current

USGS

Program

CEN

Centre d'études nordiques
(Northern Studies Center)

Current

Université
Laval

Program

CEN/YRB

USGS Climate Effects Network
Yukon River Basin Node

2013

USGS

Program

CEON

Circumarctic Environmental
Observatories Network

Current

NSF, ASRS,
SCANNET

Program

CFCAS

Canadian Foundation for Climate
and Atmospheric Sciences

Current

Donations

Project

CFS Drought

Canadian Forest Service- Multi-
scale Monitoring of drought-
induced tree mortality

L,M, R

Current

CFS

Project

CFS Forest

Canadian Forest Service - Mapping
Canadian Forest Properties

LM, R

Current

CFS

Project

CFS Forest
Inventory

Canadian Forest Service-From
Geospatial Data and Models for
Forest Inventory and Natural
Disturbance

L,M,R

Current

CFS

Project

CFS HFR

Canadian Forest Service - Mapping
Homogeneous Fire Regime (HFR)

Z0ones

L, M, R

Current

CFS

Project

CFS Insect

Canadian Forest Service - Mapping
Annual Insect Damage

L, M, R

Current

CFS

Project

CFS-CIPHA

Canadian Forest Service-Climate

Impacts on Productivity and Health
of Aspen

A, LM

Current

CFS, Env.
Canada

Project

CFS-Forest
Change Project

Canadian Forest Service - Forest
Change Project

L,M, R

Current

CFS

Project

CFS-Project

Carbon Source-Sink Relationships
in forests and Peatlands of the
Mackenzie River Valley

Current

CFS, Canada
IPY Program

Project

CFS-Project

Canadian Forest Service-Human
and Climate Impacts on Mackenzie
River Peatlands

Current

CFS, Canada
IPY Program

Project

CFS-Project-
NFCMARS

Canadian Forest Service -
NFCMARS: National Forest

Carbon Monitoring, Accounting
and Reporting Systems

L, M

Current

CFS

Program

CHARS

Canadian High Arctic Research
Station

In
development

Canadian
Gov't

Program

CIFFC

Canadian interagency Forest Fire
Centre

LM

Current

Private Non-
profit

*Monitoring Type: A- Assessment, E- Educational, L-Long-term, M-Monitoring, R- Research



http://www.nrcan.gc.ca/earth-sciences/about/organization/organization-structure/canada-centre-for-remote-sensing/11740
http://gcp.usgs.gov/cen/morecen.html
http://www.cen.ulaval.ca/en/page.aspx?lien=index
http://www.cen.ulaval.ca/en/page.aspx?lien=index
http://ak.water.usgs.gov/yukon/
http://ak.water.usgs.gov/yukon/
http://www.ceon.utep.edu/
http://www.ceon.utep.edu/
http://cfs.nrcan.gc.ca/pages/125
http://cfs.nrcan.gc.ca/pages/125
http://cfs.nrcan.gc.ca/pages/153
http://cfs.nrcan.gc.ca/pages/153
http://cfs.nrcan.gc.ca/pages/153
http://cfs.nrcan.gc.ca/pages/48
http://cfs.nrcan.gc.ca/pages/48
http://cfs.nrcan.gc.ca/projects/124
http://cfs.nrcan.gc.ca/projects/124
http://cfs.nrcan.gc.ca/projects/124
http://cfs.nrcan.gc.ca/pages/34
http://cfs.nrcan.gc.ca/pages/34
http://cfs.nrcan.gc.ca/pages/34
http://cfs.nrcan.gc.ca/pages/34
http://cfs.nrcan.gc.ca/pages/34
http://cfs.nrcan.gc.ca/pages/34
http://www.aadnc-aandc.gc.ca/eng/1318008134221
http://www.aadnc-aandc.gc.ca/eng/1318008134221
http://www.ciffc.ca/
http://www.ciffc.ca/

MSC, Env.

Project |CIS anadian [ rvi LM Current
Canada
Churchill Northern Study Center
Program |CNSC Churchill Northern Study Center R Current NSERC
Research
Program |CPMN anadian Permafrost Monitorin LM Current GSC
Network
Program |CPS CH2M Hill Polar Services R Current NSF
Program |CRRC Cold Regions Research Centre R Current Wﬂf?‘d }
Laurier Univ.
Developing Arctic Modeling and Furoean
Program |DAMOCLES |Observing Capabilities for Long- |R May 2010 P
- . Union
term Environmental Studies
DOD Environmental Security
Program | DOD ESTCP Technology Certification Program R Current DOD
DOD Strategic Environmental
Program |DOD SERDP |Research and Development R 2014 DOD
Program
Biological Systems Research on the DOE Genomic
Program |DOE GSP role of Microbial Communities in |R Unknown Science
Carbon Cycling Awards Program
DOE NGEE - |Next Generation Ecosystem
Program Arctic Experiments - Arctic R Current DOE, BER
Proeram EMAN Ecological Monitoring and M Current Environment
g (Canada) Assessment Network (Canada) Canada
) ESA DUE European Space Agency, Data
Project PERMAFROST | User Element, Permafrost Project M,R Current ESA
Program |ESIP Fed Earth Science Information Partners Sglence Information Partners M Current NASA, NOAA
Federation
) Aarhus
rorum ot Arctic nescarcn . .
Program |FARO };) err;torfs Arctic Research R Current University,
perators Denmark
Canadian Carbon Program
Fluxnet-CA formerly Fluxnet-Canada Research
Program and CCP Network; includes Canada Forest LM, R Unknown Unknown
Carbon Accounting Program )
i Freeze/Thaw Earth System Data NASA
Program |FT-ESDR Record R Current MEaSUREs
Program | GeoConn GeoConnections R, M Current Canada
Program | GEOSummit Greenland Environment M, R Current NSF
Observatory
lobal Energy an ater |
Program I(\}/I]i\ggx- Experiment (GEWEX) Mackenzie |R Current NSERC

GEWEX Study

Geophysical Institute Permafrost

*Monitoring Type: A- Assessment, E- Educational, L-Long-term, M-Monitoring, R- Research



http://www.ec.gc.ca/glaces-ice/default.asp?lang=En&n=D32C361E-1
http://www.churchillscience.ca/
http://www.churchillscience.ca/
http://www.gtnp.org/canpfnet/index_e.html
http://www.gtnp.org/canpfnet/index_e.html
http://www.polar.ch2m.com/HomePageTemplate.aspx?P=AD7E9F19732E40BD8E95B68D3D1743EE
http://www.wlu.ca/homepage.php?grp_id=2500
http://www.damocles-eu.org/
http://www.damocles-eu.org/
http://www.damocles-eu.org/
http://www.serdp.org/
http://www.serdp.org/
http://www.serdp.org/
http://www.serdp.org/
http://www.serdp.org/
http://genomicscience.energy.gov/carboncycle/CarbonCyclingAwards_flyer.pdf
http://genomicscience.energy.gov/carboncycle/CarbonCyclingAwards_flyer.pdf
http://genomicscience.energy.gov/carboncycle/CarbonCyclingAwards_flyer.pdf
http://ngee.ornl.gov/
http://ngee.ornl.gov/
http://www.ipf.tuwien.ac.at/permafrost/
http://www.ipf.tuwien.ac.at/permafrost/
http://www.esipfed.org/
http://www.esipfed.org/
http://faro-arctic.org/
http://faro-arctic.org/
http://fluxnet.ccrp.ec.gc.ca/e_about.htm
http://fluxnet.ccrp.ec.gc.ca/e_about.htm
http://fluxnet.ccrp.ec.gc.ca/e_about.htm
http://fluxnet.ccrp.ec.gc.ca/e_about.htm
http://freezethaw.ntsg.umt.edu/
http://freezethaw.ntsg.umt.edu/
http://www.geoconnections.org/en/index.html
http://www.geosummit.org/
http://www.geosummit.org/
http://www.usask.ca/geography/MAGS/index_e.htm
http://www.usask.ca/geography/MAGS/index_e.htm
http://www.usask.ca/geography/MAGS/index_e.htm
http://permafrost.gi.alaska.edu/

Program |GIPL (27 sites) Laborat R Current UAF
Program |GTN-P Global Terrestrial Network for LM Current Multlp}e
Permafrost Agencies
. HIAPER Pole-to-Pole NSF, NCAR,
Project |HIPPO Ol ation L,M,R Current EOL
NSF, NOAA,
International Arctic Research JAMSTEC,
Program [IARC Center L,R Current JAXA, UAF,
SEARCH
: :
Program |IARPC Interagency Arctic Research Policy R Current NSF
Committee
International Arctic Science Non-Gov't
Program |IASC Commit R Current Org.
Project |TBCAO Intematlpnal Bathymetric Chart of A 2008 NOAA
the Arctic Ocean
Prooram IBP-Tundra U.S. Tundra Biome Program, R 1974 National
8 Biome International Biological Program Academies
Ilisagvik . . Ilisagvik
llisagvik Lollege
Program College lisagvik College E Current College
IP3 — Improved Pr an
Program |IP3 Parameterization for Predictionin |R 2011 NSERC
Cold Regions
Program |IPA Internz‘ltl‘(maw R Current IUGS
Association
: :
Program |ISAC International Study of Arctic A Current SEARCH
Change
Program |ITEX International Tundra Experiment M, R 2009 International
Program |JFSP Joint Fire Science Program L,R Current NASA, USGS
Project hovie Devite LAdhate De e Doty R Current UAlberta
Research Research
Landsca nservation
Program |LCC Alaska Cooperatives for Alaska LM Current USFWS
. Alaska Native
Program |LEO Local Lovironmental Observer M Current Tribal Health
Network .
Consortium
Long Term Ecological Research
Program |LTER Long Term Ecological Research L. M., R Current NSF
Network
Bonanza Creek Long Term
Project |LTER - BNZ |Ecological Research Site (Boreal |[R,L Current NSF, USFS
Forest Ecology)
d Data Chronosequence Study ’ u USGS, LTER
Program |Mesonet R Az Ahsons L,M,R Current

*Monitoring Type: A- Assessment, E- Educational, L-Long-term, M-Monitoring, R- Research



http://permafrost.gi.alaska.edu/
http://www.gtnp.org/index_e.html
http://www.gtnp.org/index_e.html
http://hippo.ornl.gov/content/about-hippo
http://hippo.ornl.gov/content/about-hippo
http://www.iarc.uaf.edu/
http://www.iarc.uaf.edu/
http://www.nsf.gov/od/opp/arctic/iarpc/start.jsp
http://www.nsf.gov/od/opp/arctic/iarpc/start.jsp
http://www.iasc.info/
http://www.iasc.info/
http://www.ngdc.noaa.gov/mgg/bathymetry/arctic/arctic.html
http://www.ngdc.noaa.gov/mgg/bathymetry/arctic/arctic.html
http://www7.nationalacademies.org/archives/International_Biological_Program.html
http://www7.nationalacademies.org/archives/International_Biological_Program.html
http://www.ilisagvik.cc/
http://www.usask.ca/ip3/
http://www.usask.ca/ip3/
http://www.usask.ca/ip3/
http://ipa.arcticportal.org/
http://ipa.arcticportal.org/
http://www.arcticchange.org/
http://www.arcticchange.org/
http://www.geog.ubc.ca/itex/
http://www.firescience.gov/
http://www.biosci.ualberta.ca/People/Faculty/D/KevinDevito.aspx
http://www.biosci.ualberta.ca/People/Faculty/D/KevinDevito.aspx
http://alaska.fws.gov/lcc/index.htm
http://alaska.fws.gov/lcc/index.htm
http://www.anthc.org/chs/ces/climate/leo/
http://www.anthc.org/chs/ces/climate/leo/
http://www.lternet.edu/
http://www.lternet.edu/
http://www.lter.uaf.edu/
http://www.lter.uaf.edu/
http://www.lter.uaf.edu/
http://www.lter.uaf.edu/data_detail.cfm?datafile_pkey=336
http://www.lter.uaf.edu/data_detail.cfm?datafile_pkey=336
http://www.tanana-watershed.org/mesonet/index.shtml

Fairbanks Mesonet

Project

MTBS

Monitoring Trends in Burn
Severity

L,M, R

Current

USGS

Program

NAAT

North American Arctic Transect

L,M,R

Current

AON

Program

NACP

North American Carbon Program
(59 projects)

L, R

Current

Multiple
Agencies

Project

NACP-
Andrews-

Sweeny-Tans-
01

NOAA ESRL GMD Tall Tower
and Aircraft Network

None
Provided

NOAA

Project

NACP-
Falkowski-01

Fuel Consumption and Carbon
Cycling in Northern Peatland
Ecosystems: Understanding
Vulnerability to Burning, Fuel
Consumption, and Emissions via
Remote Sensing of Fuel Moisture
and Fire Radiative Energy

2015

NASA

Project

NACP- Peters-
01

CarbonTracker: multi-year
estimates of the recent North

American carbon budget

None
Provided

NOAA

Project

NACP-Bates-
01

Investigation of th ntrols an

Feedbacks on the Biogeochemical

Cycling of Inorganic Carbon, Air-
Sea CO Fluxes and Ocean

Acidification Effects on the Arctic
Pacific Shelves

None
Provided

NASA

Project

NACP-Birdsey-
01

Integrating [.andscape-scale Forest
Measurements with Remote

Sensing and Ecosystem Models to
Improve Carbon Management

2007

NASA, USDA
FS

Project

NACP-
Bourgeau-
Chavez-01

Vulnerability of North American
Boreal Peatlands To Interactions

Between Climate, Hydrology, and
Wildland Fires

None
Provided

NASA

Project

NACP-
Bourgeau-
Chavez-01

Vulnerability of North American
Boreal Peatlands To Interactions

Between Climate, Hydrology, and
Wildland Fires

None
Provided

NASA

Project

NACP-
Bourgeau-
Chavez-01

Vulnerability of North American
Boreal Peatlands To Interactions

Between Climate, Hydrology, and
Wildland Fires

None
Provided

NASA

Project

NACP-
Campbell-01

Melting Ice, Habitat Change and
Nutrient Flux: Hydrological,
Biogeochemical and Biological
Linkages Between the Copper
River Watershed and the Coastal

gulf of Alaska.

9/25/2013

*Monitoring Type: A- Assessment, E- Educational, L-Long-term, M-Monitoring, R- Research

NASA



http://www.tanana-watershed.org/mesonet/index.shtml
http://www.mtbs.gov/
http://www.mtbs.gov/
http://www.geobotany.uaf.edu/naat/
http://www.nacarbon.org/
http://www.nacarbon.org/
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=171
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=171
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=636
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=636
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=636
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=636
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=636
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=636
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=636
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Project

NACP-
Campbell-01

Melting Ice, Habitat Change an
Nutrient Flux: Hydrological
Biogeochemical and Biological

Linkages Between the Copper
River Watershed and the Coastal

gulf of Alaska.

9/25/2013

NASA

Project

NACP-
Chopping-02

Mapping Changes In Shrub
Abundance And Biomass In Arctic
Tundra Using NASA Earth
Observing System Data: A
Structural Approach

6/30/2012

NASA

Project

NACP-Collatz-
01

Impacts of Disturbance History on
Carbon Fluxes and Stocks in North

America

9/30/2013

NASA

Project

NACP-Cook-
02

A Modeling and Synthesis
Thematic Data Center for the North

American Carbon Program

7/31/2012

NASA

Project

NACP-Davis-
01

Probabilistic Carbon Flux

Upscaling Across a Northern Forest
Ecoregion

1/31/2011

NASA

Project

NACP-Feely-
et-al-01

Coastal CO2 Measurements and
databases for the North American

Carbon Program

1/31/2008

NOAA

Project

NACP-French-
01

Assessment of Biomass
Consumption Variability in Forest
Fires Using Satellite Remote
Sensing

9/14/2008

NASA

Project

NACP-French-
02

Development of decision products

for spatial quantification of carbon
emissions from wildfire for North

America

3/31/2011

NASA

Project

NACP-French-
03

Impacts and Implications of

Increased Fire in Tundra Regions
of North America

None
Provided

NASA

Project

NACP-French-
04

Development of Regional Fire
Emissions Products for NASA's

Carbon Monitoring System using
the Wildland Fire Emissions

Information System

None
Provided

NASA

Project

NACP-Frey-01

The Potential Impacts of Sea Ice
Decline and River Discharge Shifts

on Biological Productivity in the
Chukchi and Beaufort Seas

None
Provided

NASA

Project

NACP-Frouin-
01

Improving Existing Satellite Color
Observations of the Chukchi and

Beaufort Seas for Biogeochemical
Modeling

2/23/2013

NASA

*Monitoring Type: A- Assessment, E- Educational, L-Long-term, M-Monitoring, R- Research
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Project

NACP-Goetz-
01

Quantifying Changes in Northern

High Latitude Ecosystems and
Associated Feedbacks to the

Climate System

1/31/2012

NASA

Project

NACP-Goetz-
01

Quantifying Changes in Northern

High Latitude Ecosystems and
Associated Feedbacks to the

Climate System

1/31/2012

NASA

Project

NACP-Goetz-
02

arbon Implications of E tem

Responses to North American
Climate Change

6/30/2012

NOAA

Project

NACP-
Goward-01

North American Forest Disturbance

and Regrowth since 1972:
Empirical Assessment with Field
Measurements and Satellite

Remotely Sensed Observations

2/14/2009

USDA ,
NASA

Project

NACP-
Goward-01

North American Forest Disturbance

and Regrowth since 1972:
Empirical Assessment with Field
Measurements and Satellite

Remotely Sensed Observations

2/14/2009

USDA ,
NASA

Project

NACP-
Goward-02

Role of North America Forest

Disturbance and Regrowth In

NACP: Integrated Analyzes Of
Landsat and U.S. Forest Service
FIA Data - Phase 2

2/11/2011

USDA FS,
NASA

Project

NACP-
Goward-02

Role of North America Forest

Disturbance and Regrowth In
NACP: Integrated Analyzes Of

Landsat and U.S. Forest Service
FIA Data - Phase 2

2/11/2011

USDA FS,
NASA

Project

NACP-Gower-
01

Applications of MODIS to resolve
the effects of global change on
boreal forest C dynamics:
Disturbance Versus Climate

Warming?

4/30/2007

NASA

Project

NACP-Gregg-
01

Ocean CO Flux Maps

10/1/2012

NASA

Project

NACP-Grosse-
01

Assessing the spatial and temporal
dynamics of thermokarst, methane
emissions, and related carbon

cycling in Siberia and Alaska

2/27/2011

NASA

Project

NACP-Grosse-
01

Assessing the spatial and temporal
dynamics of thermokarst, methane
emissions, and related carbon

cycling in Siberia and Alaska

2/27/2011

NASA

Project

NACP-Grosse-

Assessing the spatial and temporal
dynamics of thermokarst, methane

R

2/27/2011

*Monitoring Type: A- Assessment, E- Educational, L-Long-term, M-Monitoring, R- Research

NASA
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01

emissions, and related carbon
cycling in Siberia and Alaska

Project

NACP-Hao-01

Daily, Weekly, Seasonal and
Interannual Variability of CO2, CO
and CH4 Emissions from Biomass
Burning in North America and
Their Impact on Atmospheric
Chemical Composition

2/28/2008

USDA FS,
NASA

Project

NACP-Healey-
01

A Global Forest Biomass Invent
Based upon GLAS Lidar Data

None
Provided

NASA

Project

NACP-Healey-
02

Installation of a Carbon Monitoring
and Management Tool for the
National Forest System

None
Provided

USDA FS,
NASA

Project

NACP-Hoy-01

Impacts of a changing fire

frequency on soil carbon stocks in
interior Alaskan boreal forests

8/31/2012

NASA

Project

NACP-Hoy-01

Impacts of a changing fire

frequency on soil carbon stocks in
interior Alaskan boreal forests

8/31/2012

NASA

Project

NACP-Huang-
L-01

Regular Vertical Profile
Measurements of Greenhouse

Gases and CO2 Isotopes at a
Boreal Forest site: East Trout Lake

None
Provided

NACP

Project

NACP-
Kasischke-01

Remote Monitoring of Changes in
Forest Functional Types after
Disturbance from Fire in the North
American Boreal Region:
Implications for Interpreting the
Effects of Satellite-observed
Changes in Vegetation Greenness
on the Terrestrial Carbon Budget

9/30/2009

NASA

Project

NACP-
Kasischke-02

Wildfire consumption of ground-
layer organic matter in North
American boreal forests and
peatlands: implications for
atmospheric trace gas emissions
and long-term soil carbon storage

1/31/2009

NASA

Project

NACP-
Kasischke-02

Wildfire consumption of ground-
layer organic matter in North
American boreal forests and
peatlands: implications for
atmospheric trace gas emissions
and long-term soil carbon storage

1/31/2009

NASA

Project

NACP-
Kasischke-02

Wildfire consumption of ground-
layer organic matter in North
American boreal forests and
peatlands: implications for
atmospheric trace gas emissions

1/31/2009

*Monitoring Type: A- Assessment, E- Educational, L-Long-term, M-Monitoring, R- Research

NASA



http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=408
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=408
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=59
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=59
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=59
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=59
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=59
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=59
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=652
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=652
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=665
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=665
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=665
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=566
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=566
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=566
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=566
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=566
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=566
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=586
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=586
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=586
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=586
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=208
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=208
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=208
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=208
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=208
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=208
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=208
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=208
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=226
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=226
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=226
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=226
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=226
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=226
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=226
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=226
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=226
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=226
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=226
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=226
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=226
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=226
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=226
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=226
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=226

and long-term soil carbon storage

Project

NACP-
Kasischke-02

Wildfire consumption of ground-
layer organic matter in North
American boreal forests and
peatlands: implications for
atmospheric trace gas emissions
and long-term soil carbon storage

1/31/2009

NASA

Project

NACP-
Kasischke-02

Wildfire consumption of ground-
layer organic matter in North
American boreal forests and
peatlands: implications for
atmospheric trace gas emissions
and long-term soil carbon storage

1/31/2009

NASA

Project

NACP-
Kasischke-
McGuire-01

Assessing the Impacts of Fire and
Insect Disturbance on the
Terrestrial Carbon Budgets of

Forested Areas in Canada, Alaska,
and the Western United States

5/14/2011

USDA
CSREES,
NASA

Project

NACP-
Kimball-01

Regional Assessment of Arctic
Vegetation Productivity and soil
respiration environmental controls
using MODIS and AMSR-E: A
New Approach for Satellite
Monitoring of Pan-Arctic
Terrestrial Net CO2 Exchange

None
Provided

NSF , NASA

Project

NACP-
Kimball-01

Regional Assessment of Arctic
Vegetation Productivity and soil
respiration environmental controls
using MODIS and AMSR-E: A
New Approach for Satellite
Monitoring of Pan-Arctic
Terrestrial Net CO2 Exchange

None
Provided

NSF , NASA

Project

NACP-
Kimball-01

Regional Assessment of Arctic
Vegetation Productivity and soil
respiration environmental controls
using MODIS and AMSR-E: A
New Approach for Satellite
Monitoring of Pan-Arctic
Terrestrial Net CO2 Exchange

None
Provided

NSF , NASA

Project

NACP-
Kimball-01

Regional Assessment of Arctic
Vegetation Productivity and soil
respiration environmental controls
using MODIS and AMSR-E: A
New Approach for Satellite
Monitoring of Pan-Arctic
Terrestrial Net CO2 Exchange

None
Provided

NSF , NASA

NACP-

Regional Assessment of Arctic
Vegetation Productivity and soil
respiration environmental controls

None

*Monitoring Type: A- Assessment, E- Educational, L-Long-term, M-Monitoring, R- Research
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Project

Kimball-01

using MODIS and AMSR-E: A
New Approach for Satellite
Monitoring of Pan-Arctic
Terrestrial Net CO2 Exchange

Provided

NSF , NASA

Project

NACP-
Kimball-02

arbon le applications of th
Soil Moisture Active Passive

SMAP) Mission

None
Provided

NASA

Project

NACP-Laney-
01

Monitoring Climate-Driven
Changes in Arctic Algal
Assemblages

None
Provided

NASA

Project

NACP-Law-02

Integrating Remote Sensing, Field
Observations, and Models to

Understand Disturbance and
Climate Effects on the Carbon
Balance of the West Coast U.S.

9/14/2010

DOE

Project

NACP-Li-02

Modeling Impacts of Climate
Change on Carbon Dynamics in
Northern High Latitude Wetlands

None
Provided

NASA

Project

NACP-Liang-
01

Mapping High-Resolution Incident
Photosynthetically Active
Radiation product for the North
American Carbon Program

2008

NASA

Project

NACP-Martz-
01

Evaluation and Adaptation of an
Ion Sensitive Field Effect

Transistor for Seawater pH
Applications

HIHEHIHIH

NSF

Project

NACP-
McDonald-01

Satellite Monitoring of Landscape
Freeze-Thaw State and Associated

Constraints to the North American
Carbon Budget

None
Provided

NASA

Project

NACP-
McGuire-
Harden-01

Assessing the role of deep soil
carbon in Interior Alaska: Data
models, and spatial/temporal
dynamics

1/31/2011

USGS

Project

NACP-
Middleton-01

Direct Satellite Inference of

Ecosystem Light Use Efficiency for
Carbon Exchange using MODIS on
Terra and Aqua

9/30/2007

NASA

Project

NACP-Miller-
C-01

CARVE - Carbon in Arctic

Reservoirs Vulnerability
Experiment

None
Provided

NASA

Project

NACP-
Mitchell-01

Bio-Optical Measurement and

Modeling of the Beaufort and
Chukchi Seas

None
Provided

NASA

Project

NACP-
Moghaddam-01

Mappin tlands Dynamics for

Reducing Uncertainties in the
Boreal North American Carbon

Budget

None
Provided

*Monitoring Type: A- Assessment, E- Educational, L-Long-term, M-Monitoring, R- Research

NASA
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Project

NACP-Neilson-
01

High Resolution Climate Change-

induced Vegetation Shifts, Carbon
Balance and Wildfire across North

America

None
Provided

USDA FS

Project

NACP-Nelson-
01

A Realistic Analysis of the
Variability of Carbon Estimates
Using Airborne and Space Lidar

9/30/2007

NASA

Project

NACP-Nelson-
02

Using the ICESAT-GLAS LiDAR
to Estimate the Amount, Spatial
Distribution, and Statistical
Uncertainty of Aboveground
Carbon Stocks of the North
American Boreal Forest

3/31/2011

NASA

Project

NACP-
Ollinger-02

Exploring Relationships among
Carbon Cycling, Vegetation
Nitrogen Status and Surface
Albedo across North American

Ecosystems to Improve Land
Surface Models

2/28/2011

NASA

Project

NACP-Ping-01

Black spruce forest soils in boreal
regions of Alaska: their
characterization, organic carbon
pool, and relationship to forest
management

None
Provided

USDA
CSREES

Project

NACP-Ranson-
01

Amount atial Distribution, an

Statistical Uncertainty of
Aboveground Carbon Stocks in the
Circumpolar Boreal Forest

None
Provided

NASA

Project

NACP-
Reynolds-01

Optical Detection of Particle

Concentration, Composition, and
Size Within Arctic Waters

2/23/2014

NASA

Project

NACP-Schaaf-
01

Algorithm Refinement for the
MODIS Bidirectional
Reflectance/Albedo Product

3/31/2007

NASA

Project

NACP-Schaaf-
02

Global Land Surface Albedo and

Anisotropy Products from MODIS
and VIIRS for Climate Vegetation

Studies

HIHEHIHIH

NASA

Project

NACP-
Schaefer-01

Quantifying Uncertainty in the

Permafrost Carbon Feedback

HHHIHIRH

NASA

Project

NACP-
Schaefer-02

Exploring the Dynamics of High
Latitude Carbon Balance

None
Provided

NOAA

Project

NACP-Schuur-
01

Effects of Warming the Deep Soil
And Permafrost on Ecosystem
Carbon Balance in Alaskan Tundra:
A Coupled Measurement and
Modeling Approach

None
Provided

NSF , DOE,
NICCR

*Monitoring Type: A- Assessment, E- Educational, L-Long-term, M-Monitoring, R- Research
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Project

NACP-Steele-
01

The Autonomous Polar

Productivity Sampling System
(APPSS)

2/23/2014

NASA

Project

NACP-Tieszen-
01

Carbon in the U.S. and Flux Net

1/1/2011

NASA,
USGS

Project

NACP-Turner-
01

Assessing The Sensitivity Of Net
Ecosystem Exchange Over North
America To Climate And
Disturbance With Prognostic And
Diagnostic Models

2013

NASA

Project

NACP-Vay-01

High-resolution measurements of
atmospheric CO2 over North
America during NASA Field
Campaigns (2004-2008)

None
Provided

NASA

Project

NACP-
Waldrop-01

Microbial communities and C

cycling processes across
continental N. America.

None
Provided

USDA
CSREES,
USDA FS,
USGS

Project

NACP-Welker-
01

Snow-shrub interactions and the

effects of short and long-term
change in temperature and
recipitation on tundra C cyclin

None
Provided

NSF

Project

NACP-Zeng-01

Modeling and analysis of the
spatiotemporal variability of

terrestrial and oceanic carbon
fluxes

2008

NOAA

Project

NACP-Zhang-
01

Impacts of Soil Freeze/Thaw
Dynamics on the North American
Carbon Cycle

8/14/2009

NASA

Project

NACP-Zhang-
01

Impacts of Soil Freeze/Thaw
Dynamics on the North American
Carbon Cycle

8/14/2009

NASA

Project

NACP-Zhang-
01

Impacts of Soil Freeze/Tha

Dynamics on the North American
Carbon Cycle

8/14/2009

NASA

Project

NACP-Zhang-
01

Impacts of Soil Freeze/Thaw
Dynamics on the North American
Carbon Cycle

8/14/2009

NASA

Project

NACP-Zhang-
J-01

Planktonic Ecosystem Response to
Changing Sea Ice and Upper Ocean
Physics in the Chukchi and

Beaufort Seas: Modeling, Satellite
and In Situ Observations

9/30/2013

NASA

Project

NACP-Zhao-01

Integrating MODIS Primary
Production and Evapotranspiration
Datasets to Monitor Carbon and
Water Dynamics for Terrestrial
Ecosystems

None
Provided

*Monitoring Type: A- Assessment, E- Educational, L-Long-term, M-Monitoring, R- Research

NASA
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http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=529
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=529
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=529
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=462
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=462
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=462
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=462
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=445
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=445
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=445
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=475
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=475
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=475
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=475
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=249
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=249
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=249
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=249
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=221
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=221
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=221
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=221
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=221
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=221
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=221
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=221
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=221
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=221
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=221
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=221
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=522
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=522
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=522
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=522
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=522
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=591
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=591
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=591
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=591
http://www.nacarbon.org/cgi-bin/web/investigations/inv_pgp.pl?pgid=591

Project

NACP-Zhu-01

EISA Biological Carbon
Sequestration Assessment

9/30/2014

USGS

Program

NASA CC&E

NASA Earth Science Projects --
Carbon Cycle and Ecosystem
projects in North America are
catalogued in the North American
Carbon Program (NACP)

Current

NASA

Project

NASA NPP

Net Primary Production Project

Current

NASA, ORNL

Program

NBII

National Biological Information
Infrastructure

Jan 2012

USGS

Program

NEON

National Ecological Observing
Network

L, M

Current

NSF

Program

NFCMARS

National forest carbon monitoring,
accounting and reporting system

A LR

Current

CFS

Project

NOAA
ARCPAC

NOAA ESRL GMD CCGG
ARCPAC

2008

NOAA

Program

NOAA ATP

NOAA Arctic Theme Page

R, E

Active

NOAA

Program

NOAA ESRL
GMD

NOAA ESRL Global Monitoring
Division

L, M

Active

NOAA

Program

NOAA ESRL
GMD CCGG

NOAA ESRL GMD Carbon Cycle
Greenhouse Gases

Current

NOAA

Project

NOAA
Observatory
Measurements

NOAA ESRL GMD CCGG
Observatory Measurements

M, R

Current

NOAA

Project

NOAA Flask
Cooperative
Network

NOAA ESRL GMD CCGG Flask
Cooperative Network

M, R

Current

NOAA

Program

NPRB

North Pacific Research Board

E,R

Current

NOAA

Program

NSB-DWM

North Slope Borough Department
of Wildlife Management

Current

FWS, BLM,
ADFG and
others

Program

NSBSD

North Slope Borough School

District

Current

Alaskan
School
Districts

Program

NSCN

National Soil Carbon Network

R,M

Current

USDA, NRCS,
UAF, EPA,
multiple other
agencies

Program

NSERC

National Sciences and Engineering
Research Council of Canada

Projects

Current

NSERC

Program

NSERC
Evolution and
Ecology

NSERC Evolution and Ecology
Grants (~245 projects)

Current

NSERC

*Monitoring Type: A- Assessment, E- Educational, L-Long-term, M-Monitoring, R- Research



http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=575
http://www.nacarbon.org/cgi-nacp/web/investigations/inv_pgp.pl?pgid=575
http://cce.nasa.gov/
http://cce.nasa.gov/
http://cce.nasa.gov/
http://cce.nasa.gov/
http://cce.nasa.gov/
http://daac.ornl.gov/NPP/npp_home.shtml
http://www.nbii.gov/termination/index.html
http://www.nbii.gov/termination/index.html
http://www.neoninc.org/
http://www.neoninc.org/
http://cfs.nrcan.gc.ca/pages/93?lang=en_CA
http://cfs.nrcan.gc.ca/pages/93?lang=en_CA
http://www.esrl.noaa.gov/csd/projects/arcpac/
http://www.esrl.noaa.gov/csd/projects/arcpac/
http://www.arctic.noaa.gov/index.shtml
http://www.esrl.noaa.gov/gmd/
http://www.esrl.noaa.gov/gmd/
http://www.esrl.noaa.gov/gmd/ccgg/index.html
http://www.esrl.noaa.gov/gmd/ccgg/index.html
http://www.esrl.noaa.gov/gmd/ccgg/insitu.html
http://www.esrl.noaa.gov/gmd/ccgg/insitu.html
http://www.esrl.noaa.gov/gmd/ccgg/
http://www.esrl.noaa.gov/gmd/ccgg/
http://www.nprb.org/
http://www.north-slope.org/departments/wildlife/
http://www.north-slope.org/departments/wildlife/
http://www.nsbsd.org/
http://www.nsbsd.org/
http://www.fluxdata.org/NSCN/SitePages/Home.aspx
http://www.nserc-crsng.gc.ca/NSERC-CRSNG/Index_eng.asp
http://www.nserc-crsng.gc.ca/NSERC-CRSNG/Index_eng.asp
http://www.nserc-crsng.gc.ca/NSERC-CRSNG/Index_eng.asp
http://www.nserc-crsng.gc.ca/NSERC-CRSNG/FundingDecisions-DecisionsFinancement/ResearchGrants-SubventionsDeRecherche/ResultsGSCDetail-ResultatsCSSDetails_eng.asp?Year=2012&GSC=1503&Field=Evolution+and+Ecology
http://www.nserc-crsng.gc.ca/NSERC-CRSNG/FundingDecisions-DecisionsFinancement/ResearchGrants-SubventionsDeRecherche/ResultsGSCDetail-ResultatsCSSDetails_eng.asp?Year=2012&GSC=1503&Field=Evolution+and+Ecology

Program

NSERC
Geosciences

NSERC Geoscience Grants (~275
projects)

Current

NSERC

Project

NSERC-HEAD

NSERC-Hydrology, Ecology and
Disturbance Project

2005

NSERC

Project

NSERC-Project

Central Alberta Peatland Studies

L, R

Current

NSERC, NSF,

NASA

Project

NSERC-Project

Biological carbon uptake and trace
gas emissions in the polar oceans
under a changing climate

Unknown

NSERC

Project

NSERC-Project

CO2 fluxes on Canadian Arctic
Tundra

Unknown

NSERC

Project

NSERC-Project

Influence of changing active-layer
thickness on PERmafrost PeatLand
trace gas EXchanges and carbon
balance (PERPLEX)

Unknown

NSERC

Project

NSERC-Project

Ocean Color and Climate Change

Unknown

NSERC

Project

NSERC-Project

The ecohydrology and
biogeochemistry of northern
peatland ecosystems

Unknown

NSERC

Project

NSERC-Project

Peat Task Force Study

2000

NSERC

Project

NSERC-Project

Peatland Ecology and Development
Database

1990

NSERC

Project

NSERC-Project
ADAPT

Arctic Development and

Adaptation to Permafrost in
Transition

Current

NSERC, U
Laval, et al

Program

NSF

National Science Foundation (239
projects in Alaska and western
Canada)

Currently
funded

NSF

Project

NSF - AMRC/
ASCP

NSF - Antarctic Meteorological
Research Center/ The Arctic

Satellite Composite Project

Current

NSF

Program

NSF Biological
Sciences

National Science Foundation:
Biological Sciences (26 projects)

Currently
funded

NSF

Program

NSF
Geosciences

National Science Foundation:
Geosciences (24 projects)

Currently
funded

NSF

Program

NSF OPP

National Science Foundation:
Office of Polar Programs (180
projects)

Currently
funded

NSF

Project

NSF-SHEBA

NSF-Surface Heat Budget of the
Arctic Ocean (SHEBA)

19987

NSF, ONR,

*Monitoring Type: A- Assessment, E- Educational, L-Long-term, M-Monitoring, R- Research



http://www.nserc-crsng.gc.ca/NSERC-CRSNG/FundingDecisions-DecisionsFinancement/ResearchGrants-SubventionsDeRecherche/ResultsGSCDetail-ResultatsCSSDetails_eng.asp?Year=2012&GSC=1506&Field=Geosciences
http://www.nserc-crsng.gc.ca/NSERC-CRSNG/FundingDecisions-DecisionsFinancement/ResearchGrants-SubventionsDeRecherche/ResultsGSCDetail-ResultatsCSSDetails_eng.asp?Year=2012&GSC=1506&Field=Geosciences
http://www.biology.ualberta.ca/faculty/suzanne_bayley/?Page=1332
http://www.biology.ualberta.ca/faculty/suzanne_bayley/?Page=1332
http://www.springerlink.com/content/488836l1486q2x78/
http://www.cen.ulaval.ca/adapt/
http://www.cen.ulaval.ca/adapt/
http://www.cen.ulaval.ca/adapt/
http://arctic.ssec.wisc.edu/data/
http://arctic.ssec.wisc.edu/data/
http://arctic.ssec.wisc.edu/data/
http://www.nsf.gov/od/lpa/nsf50/nsfoutreach/htm/n50_z2/pages_z3/42_pg.htm
http://www.nsf.gov/od/lpa/nsf50/nsfoutreach/htm/n50_z2/pages_z3/42_pg.htm

Project

NSF-
Vulnerability of
Permafrost
Carbon RCN

NSF-Permafrost Carbon Research
Coordination Network (RCN)

M, R

Current

NSF

Project

NSF-WALE

Western Arctic Linkages
Experiment: Modeling the role of
high latitude terrestrial ecosystems
in the arctic system: A retrospective
analysis of Alaska as a regional
system

L,M,R

2000

NSF

Program

NSIDC

National Snow and Ice Data Center

Current

NASA, NSF,
NOAA

Project

NSIDC - CMC

NSIDC - Canadian Metrological
Centre - Daily Snow Depth
Analysis Data

Current

Environment
Canada,
NASA

Program

NSSI

North Slope Science Initiative

A LM

Current

Intergovt.

Program

NWS- COOP

National Weather Service -
Cooperative Observer Program

Current

NOAA

Program

NWT CIMP

Northwest Territories Cumulative
Impact Monitoring Program

Current

Canadian
Gov't

Project

NWT Fire

Northwest Territory Fire Program

L, M

Current

NWT Env. and
Natural Res.

Program

PRB

Polar Research Board, The
National Academics

Current

National
Academy of
Sciences

Program

SAON

Sustaining Arctic Observing
Networks (SAON)

Active

Program

SCAN

Soil Climate Analysis Network

Current

USDA NRSC

Program

SEARCH

Study of Environmental Arctic
Change

Current

Non-profit

Project

SEARCH

SEARCH Project Database (127
projects)

Current

ARCUS

Program

SERDP Project
RC-2110

Addressing the Impacts of Climate
Change on U.S. Army Alaska with
Decision Support Tools Developed
through Field Work and Modeling

2014

SERDP

Project

SERDP-Project
RC-2111

Permafrost and hydrology linkages
in the Yukon Flats

=

2012

DOD SERDP,
USGS,
USACE

Program

SNAP

Scenarios Network for Alaska and
Arctic Planning

Current

UAF, State of
Alaska

Project

SNOTEL

SNOwpack TEL emet

Active

NRCS, NWCC

Project

SpecNet

Spectral Network

I B

2010

NSF

Project

SSURGO

il Surv raphic Databa

Currently

*Monitoring Type: A- Assessment, E- Educational, L-Long-term, M-Monitoring, R- Research
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http://www.biology.ufl.edu/permafrostcarbon/index.html
http://www.biology.ufl.edu/permafrostcarbon/index.html
http://www.ntsg.umt.edu/project/wale
http://www.ntsg.umt.edu/project/wale
http://www.ntsg.umt.edu/project/wale
http://www.ntsg.umt.edu/project/wale
http://www.ntsg.umt.edu/project/wale
http://www.ntsg.umt.edu/project/wale
http://nsidc.org/
http://nsidc.org/data/NSIDC-0447.html
http://nsidc.org/data/NSIDC-0447.html
http://nsidc.org/data/NSIDC-0447.html
http://www.northslope.org/
http://www.nws.noaa.gov/om/coop/what-is-coop.html
http://www.nws.noaa.gov/om/coop/what-is-coop.html
http://www.nwtcimp.ca/index.asp
http://www.nwtcimp.ca/index.asp
http://www.nwtfire.com/cms/
http://www.dels.nas.edu/prb/
http://www.dels.nas.edu/prb/
http://www.arcticobserving.org/
http://www.arcticobserving.org/
http://www.wcc.nrcs.usda.gov/scan/
http://www.arcus.org/search/index.php
http://www.arcus.org/search/index.php
http://www.arcus.org/search/catalog/display
http://www.arcus.org/search/catalog/display
http://www.serdp.org/Program-Areas/Resource-Conservation-and-Climate-Change/Climate-Change/Vulnerability-and-Impact-Assessment/RC-2110/RC-2110/(language)/eng-US
http://www.serdp.org/Program-Areas/Resource-Conservation-and-Climate-Change/Climate-Change/Vulnerability-and-Impact-Assessment/RC-2110/RC-2110/(language)/eng-US
http://www.serdp.org/Program-Areas/Resource-Conservation-and-Climate-Change/Climate-Change/Vulnerability-and-Impact-Assessment/RC-2110/RC-2110/(language)/eng-US
http://www.serdp.org/Program-Areas/Resource-Conservation-and-Climate-Change/Climate-Change/Vulnerability-and-Impact-Assessment/RC-2110/RC-2110/(language)/eng-US
http://www.serdp.org/Program-Areas/Resource-Conservation-and-Climate-Change/Climate-Change/Vulnerability-and-Impact-Assessment/RC-2111/RC-2111/(language)/eng-US
http://www.serdp.org/Program-Areas/Resource-Conservation-and-Climate-Change/Climate-Change/Vulnerability-and-Impact-Assessment/RC-2111/RC-2111/(language)/eng-US
http://www.snap.uaf.edu/
http://www.snap.uaf.edu/
http://www.wcc.nrcs.usda.gov/snotel/Alaska/alaska.html
http://specnet.info/field_sites.htm
http://soils.usda.gov/survey/geography/ssurgo/

funded

Project |TARA TARA Oceans R Current Non-Profit
Wilfrid
Program |TPRN Taiga Plains Research Network R Current Laurier
University
Program |UAF AFES University of Alask_a Agrlcult.ural R Current UAF
and Forestry Experiment Station
UAF, Univ. of
niversity of Alaska Climate an Regina, Univ.
Program | UAF CTRL Tree-Ring Laboratory LR Current of Western
Ontaria
Project UAF IARC Fire and Insect Disturbances in R 2010 JAXA
Project Alaska
Korean Arctic Multidisciplinary
. UAF IARC Program: Research on the Arctic Korea Polar
Project . . . R Unknown Research
Project Climate Change and Environmental .
Institute
Change
Program |UAF WERC Water and Environmental Research R current UAF
Center
Water and Environmental Research
Project UAF- WERC Center: North Slope Hydrology R Current UAF
North Slope .
Research Projects
Program |UIC U_p_g_p_rpilf < Vlk I.n upiat Lotpostion E Current Private
Science Division
United Nations Environment
Program |UNEP/GRID Proeramme/ GRID-Arendal E,R Current UN
Rapid Assessment of U.S. Soil
Project |USDA-NRCS |Carbon for Climate Change and LM 2011 USDA-NRCS
Conservation Planning
US Forest Service Forest Inventory
Program |USFS FIA US Forpst Service Forest Invento LM Current USDA
Analysis
US Fish and Wildlife Service
Program |[USFWS NWRS National Wildlife Refuge System M, L Current DOI, USFWS
Vulnerability of Permafrost Carbon
Program |VPCRCN Research Coordination Network M, R Current NSF
Ivestern Alaska lL.andscape
Program [WALCC Bslim Alaska Landsc;a € R Current LCC
Conservation ( loop_eratlve
Program |WCRP Doorhd Climae Rescareh R Current ESSP
Programme
World Climate Research WCRP
Program |WCRP CIliC Programme Climate and R Current ’
SCAR, TIASC
Cryosphere
Wilfred Laurier Univ. (WLU) Cold )
; Univ. of
Regions Research Centre (CRRC Caloa
Project |WLU CRRC Scotty Creek Permafrost L,R Current gary,

*Monitoring Type: A- Assessment, E- Educational, L-Long-term, M-Monitoring, R- Research



http://oceans.taraexpeditions.org/fr/notre-projet/tara-expeditions.php?id_page=17
http://www.uaf.edu/snras/afes/
http://www.uaf.edu/snras/afes/
http://www.uaf.edu/snras/facilities-programs/climate-tree-ring-laborat/
http://www.uaf.edu/snras/facilities-programs/climate-tree-ring-laborat/
http://ine.uaf.edu/werc/
http://ine.uaf.edu/werc/
http://ine.uaf.edu/werc/projects/NorthSlope/introduction.html
http://ine.uaf.edu/werc/projects/NorthSlope/introduction.html
http://ine.uaf.edu/werc/projects/NorthSlope/introduction.html
http://www.ukpik.com/
http://www.ukpik.com/
http://www.grida.no/about/
http://www.grida.no/about/
http://policy.nrcs.usda.gov/viewerFS.aspx?hid=26600
http://policy.nrcs.usda.gov/viewerFS.aspx?hid=26600
http://policy.nrcs.usda.gov/viewerFS.aspx?hid=26600
http://www.fia.fs.fed.us/tools-data/
http://www.fia.fs.fed.us/tools-data/
http://www.fws.gov/refuges/
http://www.fws.gov/refuges/
http://www.biology.ufl.edu/permafrostcarbon/
http://www.biology.ufl.edu/permafrostcarbon/
http://www.arcus.org/western-alaska-lcc/projects
http://www.arcus.org/western-alaska-lcc/projects
http://www.wcrp-climate.org/
http://www.wcrp-climate.org/
http://www.climate-cryosphere.org/en/
http://www.climate-cryosphere.org/en/
http://www.climate-cryosphere.org/en/
http://onlinelibrary.wiley.com/doi/10.1002/hyp.7894/pdf
http://onlinelibrary.wiley.com/doi/10.1002/hyp.7894/pdf
http://onlinelibrary.wiley.com/doi/10.1002/hyp.7894/pdf

Degradation Studi thern

Wilfrid
Laurier Univ.

NWT)
Yukon Fire Yukon Dept.
Project Atlas Yukon Territory Fire History Atlas |M Current of Community
Service
Yukon River
Indigenous Observation Network Inter-Tribal
Project |Yukon IONWP | Water Project IONWP) (Yukon A, M, R Current Watershed
River basin hydrol Council,
USGS
Project g:fiin River Yukon River Basin Project A, R 2014 USGS
Yukon River
Proiect Yukon River  |The Yukon River Basin Active A M Unknown &tir-rT}rlib(f I
0JeCt 1 Basin ALN Layer Network ’ ow atersie
Council,
USGS

*Monitoring Type: A- Assessment, E- Educational, L-Long-term, M-Monitoring, R- Research



http://onlinelibrary.wiley.com/doi/10.1002/hyp.7894/pdf
http://onlinelibrary.wiley.com/doi/10.1002/hyp.7894/pdf
http://www.community.gov.yk.ca/firemanagement/about.html
http://yukonwater.ca/MonitoringYukonWater/Networks/NetworkDetails.aspx?network=22
http://yukonwater.ca/MonitoringYukonWater/Networks/NetworkDetails.aspx?network=22
http://yukonwater.ca/MonitoringYukonWater/Networks/NetworkDetails.aspx?network=22
http://ak.water.usgs.gov/yukon/index.php
http://www.usgs.gov/science/cite-view.php?cite=2725
http://www.usgs.gov/science/cite-view.php?cite=2725

DATA CENTERS & PORTALS

Type Acronym Title Sponsor
Data ACADIS Advan rative Arctic Data an NSF, NSIDC, UCAR,
Center Information Service UNIDATA, NCAR
Data AGDC Alaska Geospatial Data Clearinghouse USGS
Center
lg:;ier Alaska NWS Alaska NOAA National Weather Service NOAA
Data ALIAS Arctic Logistics Information and Support ARCUS
Center
Data AmeriFlux AmeriFlux: Data Products DOE
Center
Data ) NOAA, USCG, USGS,
g Sy :
Portal AOOS Alaska Ocean Observing System: Data Portal BOEMRE
Data AP Arctic Portal IPY/Arctic Council
Portal E—
Data ARCSS ARCSS Data Archive at NCAR/EOL NSF
Center
Data ArcticData ArcticData Arctic Council
Portal
Data ARCUS ARCUS: Arctic GIS ARCUS
Center
Data Alaska Satellite Facility Synthetic Aperture NASA, ASF
Center ASF SDC Radar Data Center
Data ASGDC Alaska State Geo-Spatial Data Clearinghouse Alaska State/USGS
Center
Data BAID Barrow Area Information Database NSF
Center
Data BCO-DMO Biological and Chemical Oceanography Data |NSF, GEO, OCE, OPP,
Center Management Office ANT
Data BEST-BSIERP |Bering Sea Project Data Archives NSF
Portal
Data CCIN PDC Canadian Cryospheric Information Network, |CCIN, ArcticNet
Portal (Canada) Polar Data Catalogue
Data CDIAC Carbon Dioxide Information Analysis Center DOE, CCRD, BER
Center
Data CFSNet NFIS
CFSNet (Canada)
Portal (Canada) CFSNet (Canada
Data CODIAC CODIAC (EOL data server) EOL at NCAR
Center
Data CWFIS CFS Canad@n Wildland F1.re Information System |Natural Resources CA
Center Canadian Forest Service

Type---Acronym---Title---Sponsor



http://www.aoncadis.org/
http://www.aoncadis.org/
http://agdc.usgs.gov/
http://www.nws.noaa.gov/view/states.php?state=ak&map=on
http://www.arcus.org/alias/
http://public.ornl.gov/ameriflux/dataproducts.shtml
http://data.aoos.org/maps/sensors/#b=61.989540163652464,-153.900146484375,59.978637838229346,-146.099853515625&l=sensor-stations
http://www.arcticportal.org/
http://www.eol.ucar.edu/projects/arcss/
http://www.arcticdata.is/
http://www.arcus.org/gis/index.html
http://www.asf.alaska.edu/
http://www.asf.alaska.edu/
http://www.asgdc.state.ak.us/
http://data.eol.ucar.edu/codiac/dss/id=106.arcss400/
http://bcodmo.org/home
http://bcodmo.org/home
http://beringsea.eol.ucar.edu/
http://www.ccin.ca/cms/en/home.aspx
http://www.ccin.ca/cms/en/home.aspx
http://cdiac.ornl.gov/
https://cfsnet.nfis.org/data/index_e.shtml
http://data.eol.ucar.edu/codiac/
http://cwfis.cfs.nrcan.gc.ca/en_CA/index
http://cwfis.cfs.nrcan.gc.ca/en_CA/index

Data DADDI Discovery, Access, and Delivery of Data for |NSIDC
Center IPY
Data Developing Arctic Modeling and Observing EU
DAMOCLES Capabilities for Long-term Environmental
Center ; )
Studies: Data Archive
Data ECHO Earth Observing System Clearinghouse NASA
Portal
Data Fluxnet-CA Fluxnet-Canada Research Network/Canadian |NSERC, CFS, Env.
Center /CCP DIS Carbon Program Data Archive Canada
Data FSGeotata FSGeodata Clearinghouse USFS
Center
Data GCDP GeoConnections Discovery Portal Canada
Portal
Data GCMD Global Change Master Directory NASA
Portal
Data . Global Change Master Directory Data Portal |NASA
Portal GCMD Arctic for the Arctic Region
Data GCMD IPY International Polar Year: Data Portal NASA
Portal
Data GCMD OPeNDAP-Open-source Project for a NASA for OPeNDAP
Portal OPeNDAP Network Data Access Protocol Portal
Data GCMD THREDDS-Thematic Realtime Environmental | NASA for Unidata
Portal THREDDS Distributed Data Services Portal THREDDS
Data GDG USDA/NRCS: Geospatial Data Gateway USDA:NRCS
Center
Data GeoBase CCOG
GeoBase (Canada)
Portal (Canada) GeoBase (Canada
Data GeoGratis GeoGratis (Canada) NR-Canada
Portal
Data Goddard Space Flight Center (GSFC) Earth NASA
GES DISC Sciences Data and Information Services
Center
Center
Data lobal Energy an ater le Experiment |Env. Canada
Center GEWEX-MAGS (GEWEX) Mackenzie GEWEX Study Data
Data Global Fire Emissions Database (GFED) NASA, EU FP7 MACC
Center GFED BONA Boreal North America (BONA)
Data GHGRP The Greenhouse Gas Emissions Reporting Gas | Env. Canada
Center (Canada) Data
Data GINA Geographic Information Network of Alaska UAF, NSF, US.FWS,
Center NSSI
Data UMD, UMD Geography
Center GLCF Global Land Cover Facility Dept., NASA, GOFC-

GOLD

Global Observing Systems Information Center
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NOAA, NCDC, U.S.



http://gcmd.nasa.gov/KeywordSearch/Metadata.do?Portal=GCMD_Services&KeywordPath=ServiceParameters%7CMETADATA+HANDLING&EntryId=NSIDC_DADDI&MetadataView=Full&MetadataType=1&lbnode=mdlb2
http://gcmd.nasa.gov/KeywordSearch/Metadata.do?Portal=GCMD_Services&KeywordPath=ServiceParameters%7CMETADATA+HANDLING&EntryId=NSIDC_DADDI&MetadataView=Full&MetadataType=1&lbnode=mdlb2
http://damocles.met.no/data_management/database.html
http://damocles.met.no/data_management/database.html
http://damocles.met.no/data_management/database.html
http://www.echo.nasa.gov/
http://fluxnet.ccrp.ec.gc.ca/e_about.htm
http://fluxnet.ccrp.ec.gc.ca/e_about.htm
http://fsgeodata.fs.fed.us/
http://geodiscover.cgdi.ca/web/guest/home
http://gcmd.nasa.gov/
http://gcmd.nasa.gov/KeywordSearch/Home.do?Portal=arctic&MetadataType=0
http://gcmd.nasa.gov/KeywordSearch/Home.do?Portal=arctic&MetadataType=0
http://gcmd.gsfc.nasa.gov/KeywordSearch/Home.do?Portal=ipy&MetadataType=0
http://gcmd.nasa.gov/KeywordSearch/Home.do?Portal=dods&MetadataType=0
http://gcmd.nasa.gov/KeywordSearch/Home.do?Portal=dods&MetadataType=0
http://gcmd.nasa.gov/KeywordSearch/Home.do?Portal=thredds&MetadataType=0
http://gcmd.nasa.gov/KeywordSearch/Home.do?Portal=thredds&MetadataType=0
http://datagateway.nrcs.usda.gov/
http://www.geobase.ca/geobase/en/index.html
http://geogratis.cgdi.gc.ca/geogratis/en/index.html
http://disc.sci.gsfc.nasa.gov/
http://disc.sci.gsfc.nasa.gov/
http://disc.sci.gsfc.nasa.gov/
http://www.usask.ca/geography/MAGS/index_e.htm
http://www.usask.ca/geography/MAGS/index_e.htm
http://www.globalfiredata.org/index.html
http://www.globalfiredata.org/index.html
http://www.ec.gc.ca/ges-ghg/default.asp?lang=En&n=8044859A-1
http://www.ec.gc.ca/ges-ghg/default.asp?lang=En&n=8044859A-1
http://www.gina.alaska.edu/
http://glcf.umiacs.umd.edu/aboutUs/
http://gosic.org/default.htm

Data GOSIC for Global Ocean Observing System and GCOS Program
Portal Global Terrestrial Observing System in the
Global Change Master Directory
Data HYDAT Hydrometric Data--National Water Data Env. Canada
Center (Canada) Archive
Data IARC International Arctic Research Center Data NSF, NOAA, JAMSTEC,
Center Archive JAXA, UAF, SEARCH
IPY- Gov't of Canada
Data Publications Canadian International Polar Year (IPY)
Center Database Publications Database
(Canada)
Data Land Processes Distributed Active Archive NASA
Center LP DAAC Center
Data LTER- BNZ Long-Term Ecological Research - Bonanza NSF
Center Data Catalog Creek Data Catalog
Data NASA ECHO |ESDIS Data Aggregator NASA
Portal
PD(?;taal NASA GCMD |NASA Global Change Master Directory NASA
Data NASA NASA REVERB ECHO: The Next NASA
Portal REVERB Generation Earth Science Discovery Tool
0 ECHO
Data National Map The National Map USGS
Center
Data NCDC National Climatic Data Center NOAA
Center
Data NDBC National Data Buoy Center (US) NOAA
Center
Data NEODF-Cat National Earth Observation Data Framework |Natural Resources Canada
Center (CA) Catalogue
Data National Ecological Observing Network: Data |NSF
NEON
Center Products
Data NEX NASA Earth Exchange NASA
Center
Data NFD (Canada) |National Forestry Database CFS, Canadian Gov't
Center
Data NFIS (Canada) anada's National Forest Information tem Canadian Gov't
Center
Data . Next Generation Ecosystem Experiments- DOE, BER
Center NGEE - Arctic Arctic: Data Archive
Data NGMBD National logic Map Databa: USGS
Center
]C):;[lier NSCN National Soil Carbon Network: Data Archive Mult. Agencies

Type---Acronym---Title---Sponsor



http://gosic.org/default.htm
http://gosic.org/default.htm
http://gosic.org/default.htm
http://ec.gc.ca/rhc-wsc/default.asp?lang=En&n=9018B5EC-1
http://ec.gc.ca/rhc-wsc/default.asp?lang=En&n=9018B5EC-1
http://climate.iarc.uaf.edu/geonetwork/srv/en/main.home
http://climate.iarc.uaf.edu/geonetwork/srv/en/main.home
http://www.aina.ucalgary.ca/ipy/
http://www.aina.ucalgary.ca/ipy/
https://lpdaac.usgs.gov/
https://lpdaac.usgs.gov/
http://www.lter.uaf.edu/data_b.cfm
http://www.lter.uaf.edu/data_b.cfm
http://www.echo.nasa.gov/
http://gcmd.nasa.gov/
http://reverb.echo.nasa.gov/
http://reverb.echo.nasa.gov/
http://nationalmap.gov/
http://www.ncdc.noaa.gov/oa/ncdc.html
http://www.ndbc.noaa.gov/
https://neodf.nrcan.gc.ca/neodf/start_e.php
https://neodf.nrcan.gc.ca/neodf/start_e.php
http://www.neoninc.org/science/data
http://www.neoninc.org/science/data
https://c3.nasa.gov/nex/
http://nfdp.ccfm.org/index_e.php
https://ca.nfis.org/about_eng.html
http://ngee.ornl.gov/search_data
http://ngee.ornl.gov/search_data
http://ngmdb.usgs.gov/ngmdb/ngmdb_home.html
http://www.fluxdata.org/nscn/DataInfo/SitePages/General%20Browsing%20Guide.aspx

Data National Snow and Ice Data Center NASA
Center NSIDC DAAC Distributed Active Archive Center
]C):;[lier NSIDC- FGDC |Frozen Ground Data Center at NSIDC NSIDC, IPA

- GNWT
Data NWT Cent're North West Territory Centre for Geomatics
Center for Geomatics
Data ORNL DAAC QRNL Dlstrl.buted Actl\{e Archive Center for |NASA
Center Biogeochemical Dynamics

. AWI, MARUM, European
. ? . . >
Data PANGAEA PANQ JAEA. Data ‘Publlsher for Earth & Commission, BVMBF, DFG,
Center Environmental Science
10ODP
Data SEARCH Study of Environmental Arctic Change: Data |ARCUS
Center Products
Data SEDAC i nomic Data and Application nter Colgmbla Univ. Earth
Center Institute
Data Space Science and Engineering Center Data | University of Wisconsin
SSEC

Center Center
Data STATSGO State Soil Survey Geographic Data Base USDA
Center
Data TAGA Toolik-Arctic Geobotanical Atlas UAF
Center
Data TREDDS Thematic Rgaltlmg Environmental Distributed | NASA
Portal Data Services
Data WALE Western Arctic Linkages Experiment NSF
Center
Data Weatheroffice atheroffi anada Env. Canada
Center (Canada) Anthernlliee (ke
Data Yukon Skyline Yukon aerial photo archive-Skyline Yukon Energy Mines and
Center Resources
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http://nsidc.org/daac/
http://nsidc.org/daac/
http://nsidc.org/fgdc/
http://geomatics.gov.nt.ca/
http://www.pangaea.de/?count=10&minlat=&minlon=&maxlat=&maxlon=&mindate=&maxdate=&env=All&q=
http://www.pangaea.de/?count=10&minlat=&minlon=&maxlat=&maxlon=&mindate=&maxdate=&env=All&q=
http://www.arcus.org/search/searchscience/data.php
http://www.arcus.org/search/searchscience/data.php
http://sedac.ciesin.org/
http://www.ssec.wisc.edu/data/
http://www.ssec.wisc.edu/data/
http://www.ak.nrcs.usda.gov/technical/soils/digitaldata.html
http://www.arcticatlas.org/
http://gcmd.nasa.gov/KeywordSearch/Home.do?Portal=thredds&MetadataType=0
http://gcmd.nasa.gov/KeywordSearch/Home.do?Portal=thredds&MetadataType=0
http://wale.unh.edu/data.shtml
http://www.weatheroffice.gc.ca/canada_e.html
http://www.emr.gov.yk.ca/library/skyline.html
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Government Related Initiatives Program (GRIP) supported Project “Advanced SAR
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10MOA41003) that was carried out from April 2010 to March 2012. The report also
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