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1. INTRODUCTION 71 

Over the past half century, the greatest degree of climate warming has occurred in the 72 
earth’s High Northern Latitude (HNL) region (above 50º N), which has experienced temperature 73 
increases of 0.3 to 0.4º C per decade since 1960. This rapid climate warming has been caused in 74 
part by feedbacks within the Arctic system – decreases in snow and sea ice cover have lowered 75 
surface albedo, enhanced absorption of shortwave solar radiation, and amplified regional 76 
warming. While it is highly likely that future changes in vegetation albedo associated with the 77 
expansion of shrubs and trees into tundra and disturbance or warming-driven losses of soil 78 
carbon from large terrestrial reservoirs will contribute to this amplification, there are negative 79 
feedbacks that are also likely to occur, including a shift from coniferous to deciduous forests. 80 

Arctic and Boreal regions are one of the primary terrestrial carbon pools because of high 81 
carbon concentrations in organic and mineral soils. Recent research has shown that carbon stocks 82 
in permafrost soils are much higher than previously estimated, and the warming and thawing of 83 
permafrost and changes to surface hydrology in peatlands in HNL regions have raised concerns 84 
about rapid releases of soil carbon in response to future climate warming.  Specifically, the 85 
freezing point of permafrost soil represents a threshold, that when crossed, will expose soil 86 
organic carbon stocks to decomposition, releasing carbon dioxide and methane into the 87 
atmosphere.  Because permafrost carbon stocks are estimated to be more than twice the size of 88 
the atmospheric carbon pool, decomposition and release of permafrost carbon to the atmosphere 89 
could have substantial.  Peatlands and wetlands contain deep organic soils, and this reservoir is 90 
vulnerable to both the direct impacts of climate change (changes in temperature and precipitation 91 
which surface hydrology and patterns of net primary production, and aerobic and anaerobic 92 
decomposition) and indirect climate change (particular changes in the frequency and severity of 93 
fire which would lead to increased combustion and release of organic soil carbon). 94 

At local scales, some Arctic and Boreal ecosystems and landscapes are resilient to longer-95 
term changes and episodic perturbations – their structure and function persists over time because 96 
the internal feedbacks that regulate ecosystem and environmental dynamics are robust in 97 
response to the perturbation. In other cases, internal, stabilizing feedbacks weaken or are 98 
disrupted, rendering ecosystems vulnerable to directional changes in structure and function.  99 
These changes may tip ecosystems and landscapes into new states, where novel dynamics 100 
emerge. Identification of these vulnerabilities and tipping points is needed for predicting how 101 
changes in climate and disturbances will alter Arctic and Boreal ecosystems and landscapes and 102 
their role in the earth system.  103 

At larger scales, Arctic and Boreal ecosystems and landscapes are responding both 104 
directly and gradually to changes in climate and very rapidly to the impacts of episodic 105 
perturbations such as disturbance that are indirect responses to climate change. The gradual 106 
changes occurring across large regions include more frequent droughts, changes to surface 107 
hydrology including both expansion and contraction of surface waters, active layer deepening 108 
and thawing of permafrost, and altered terrestrial ecosystem dynamics such as changes in 109 
phenology and plant growth. The increases in the frequency and severity of episodic 110 
perturbations (fire, insects, and thermokarst) cause more rapid and intense responses than the 111 
gradual changes. These perturbations often occur as a series of discrete events over a large region 112 
in relatively short time period. As a result, these episodic perturbations drive changes to 113 
landscape heterogeneity (e.g., patchiness) at local as well as regional scales. The impacts from 114 
these episodic perturbations can far surpass those of the longer-term gradual changes. 115 
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The tundra, peatland, wetland and forest ecosystems found in Arctic and Boreal regions 116 
provide important and unique goods and services to human populations. In the southern Boreal 117 
region, forests are a source for a number of commercial wood products. Communities of Native 118 
Peoples occupy and manage the natural resources of large portions of Alaska, Canada, and 119 
northern Eurasia, and these societies rely heavily upon Arctic and Boreal ecosystems for 120 
subsistence and economic well being. This subsistence culture is possible because HNL 121 
ecosystems provide habitat for an abundance of fish, mammal, and bird species, and are 122 
particularly important habitats for migratory species. Vast areas of wilderness and abundance of 123 
fish and wildlife species provide for highly-valued recreational opportunities. In addition, the 124 
presence of extensive hydrocarbon and mineral resources in this region will continue to provide 125 
the opportunity for a wide range of resource-extraction activities. The services that HNL 126 
ecosystems provide will undergo significant changes in a warming climate, in particular to the 127 
habitat of key plant and animal species. Climate impacts on permafrost and surface hydrology 128 
will have wide-ranging impacts on the infrastructure needed for exploitation of these resources, 129 
as well as the infrastructure of communities located in HNL regions. 130 

1.1  Science Questions and Objectives 131 
These observations justify the need for continuation and expansion of research in HNL 132 

biomes that would occur as part of an Arctic-Boreal Vulnerability Experiment (ABoVE).  While 133 
a fundamental understanding of the linkages between climate and ecosystems and landscapes 134 
exists for HNL biomes, there are significant knowledge gaps that limit the ability to predict the 135 
exact magnitude and rate of change that will result from climate warming.  These knowledge 136 
gaps provide the focus for the research that would be conducted during ABoVE. The three 137 
overarching science questions to be addressed by ABoVE are based on developing a more clear 138 
understanding of how and why Arctic and Boreal ecosystems are responding to climate change 139 
in order to be able to predict future changes and feedbacks to climate from the HNL region:  140 

1. What patterns of changes in ecosystem dynamics and land surface characteristics have 141 
occurred over the past 25-50 years and are likely to occur in the near future (5 to 25  142 
years) and over the longer term (25 to > 100 years)?  143 

2.  What processes, interactions, and feedbacks control the vulnerability of Arctic and Boreal 144 
ecosystems and landscapes to structural and functional change in a warming climate? 145 

3. How will potential future changes to the land surface in Arctic and Boreal regions contribute 146 
to positive and negative feedbacks to local, regional and global climates? 147 

To address these three overarching questions, the objectives for ABoVE are:to: 148 

1. Quantify and model (i) the processes and interactions controlling natural disturbances, 149 
permafrost, and surface hydrology and (ii) the responses of ecosystems, changes in 150 
carbon stocks, and feedbacks between the land surface and the atmosphere that 151 
influence global climate. 152 

2. Identify and quantify the critical tipping points where changes in state occur, and the 153 
processes underlying these state changes. 154 

3. Understand how potential future changes to Arctic and Boreal ecosystems and landscapes 155 
will impact ecosystems services, resource exploitation, and land management activities. 156 

 157 
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1.2  ABoVE Science Themes 158 
Research to address these research questions and objectives will be organized around 159 

seven Science Themes (Figure 1): 160 
• Natural disturbances are common across all HNL biomes and landscapes, and the primary 161 

disturbances (fire, insects/disease, thermokarst, thermal erosion, and mass wasting) are 162 
strongly regulated by climate. Disturbances trigger significant changes to ecosystems and 163 
landscapes beyond the effects of climate change alone, and are important drivers of 164 
landscape heterogeneity.  165 

• Permafrost, or permanently-frozen ground, occurs widely because the average air 166 
temperature is below freezing across most of the HNL region. Cold and frozen ground 167 
conditions in turn regulate many important ecosystem characteristics and functions, 168 
including drainage, rates of plant growth, heterotrophic respiration, and carbon cycling. 169 
Climate warming will change the distribution of permafrost across the HNL region. 170 

• Surface hydrology plays an important role in controlling ecosystem and landscape processes 171 
across most of the HNL region, and is a key factor in producing and maintaining large 172 
carbon reservoirs in HNL peatlands. Frozen ground layers combined with poorly-drained 173 
mineral soils and vast areas of flat topography have produced large areas dominated by 174 
ponds, lakes, wetlands, and peatlands.  Climate change has historically resulted in 175 
changes to surface hydrology in HNL regions, where changes in the location and extent 176 
of small lakes and ponds have already occurred in some regions. 177 

 178 
Figure 1.   Inter-relationships between the ABoVE science themes. 179 
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• Ecosystem dynamics in the HNL region respond to the combined impacts of climate 181 
change, disturbance, and changes to surface hydrology and permafrost at a variety of 182 
spatial and temporal scales. These range from directional changes in growth rates 183 
observed in individual trees to changes in trajectories of secondary succession at plot and 184 
landscape scales to continental and global-scale variations in seasonal phenology and 185 
long-term patterns of vegetation productivity (“greenness”) observed from satellite 186 
imagery. These changes to ecosystems have a variety of feedbacks to disturbance, 187 
permafrost and hydrology. 188 

• Soil organic carbon represents an extremely large carbon pool in the HNL region that has 189 
accumulated over century to millennial time scales. This pool formed because cold 190 
ground temperatures combined with saturated soils have limited decomposition. These 191 
large soil carbon reservoirs exist in the organic soils of peatlands, wetlands, and tundra 192 
and as well as relict carbon in mineral soils that are frozen in areas with permafrost. 193 
Climate warming and resultant changes in disturbance regimes and permafrost together 194 
have the potential to initiate the release of large amounts soil carbon to the atmosphere 195 
over relatively-short time scales (< several decades). 196 

• Land-atmosphere feedbacks across Arctic and Boreal biomes are important regulators of 197 
global climate. Recent changes to HNL land areas have already demonstrated a positive 198 
feedback to climate through warming induced snow cover decline and resulting changes 199 
in surface albedo and land-atmosphere energy exchange. Continued warming and 200 
resulting climate change will likely result in additional feedbacks, where both positive 201 
and negative (release of soil carbon, changes in vegetation albedo, changes in carbon 202 
uptake by vegetation, etc.) are likely.  203 

• Human dimensions and impact assessment represent the final ABoVE science theme.  204 
Human societies located in HNL regions are being impacted to a great extent by climate-205 
driven changes in this region, in particular by changes to the landscape that impact the 206 
ecosystem services and key landscape features that are controlled by disturbances,  207 
permafrost and surface hydrology. The ecosystems and landscapes of HNL regions 208 
provide a number of important services. Because of this, the ability to conduct impact 209 
assessments with respect to both natural systems and their human dimensions are critical 210 
areas for research. 211 

1.3  Central Role of Remote Sensing Observations 212 
The legacy from NASA-sponsored research provides for a much different setting since 213 

the last time an experiment plan for a major field campaign was developed (the Large-Scale 214 
Biosphere-Atmosphere Study in Amazonia [LBA] in 1996).  Not least, the number of satellite 215 
systems in existence today and planned over the next decade is greater than for previous field 216 
campaigns. Many important satellite systems currently used in HNL research have not only been 217 
developed by NASA, but by the space agencies of Canada, Japan, and the European community. 218 
Over the past decade, data processing and data distribution technologies have advanced to the 219 
stage where a broad array of land-surface and atmospheric information products generated from 220 
satellite remote sensing systems are routinely available at continental and global scales. The 221 
availability of many these products spans 10 years and more and, as a result, they have become a 222 
central component for research focused on monitoring, modeling, and studying critical land 223 
surface processes and land-atmospheric interactions at a pan-Arctic/Boreal scale (Table 1). 224 

225 
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Table 1.  Summary of information products derived from satellite remote sensing data that 226 
provide the foundation for the ABoVE Science Theme questions. These information products 227 
include those from previous and existing satellite remote sensors, or those scheduled for 228 
launched in the near term (by 2015), and are not intended to be comprehensive, or exclusive.   229 

Science theme Satellite remote sensing information products 
Disturbance  Hotspot locations (AVHRR, MODIS, ASTER) 

Burned area (AVHRR, MODIS, SPOT Vegetation, Landsat, 
MODIS, VIIRS, GCOM, LDCM) 
Land disturbance  (Landsat, MODIS, LDCM, RADARSAT-2, 
ERS-2, ENVISAT, TERRASAR-X, PALSAR) 
Insect disturbance (MODIS, Landsat, LDCM) 
Disturbance severity (Landsat, ASTER, LDCM) 

Permafrost Surface/vegetation freeze/thaw status (ASCAT, SMAP) 
Snow cover (MODIS, AVHRR, SSM/I, AMSR-E) 
Vegetation cover and dynamics (MODIS, AVHRR, Landsat, 
LDCM) 
Surface temperature (MODIS, AVHRR, ASTER) 

Surface Hydrology Surface water extent (MODIS, Landsat, LDCM) 
Soil moisture (SSM/I, NSCAT, Radarsat, ERS, Envisat, 
PALSAR, SMAP, AMSR-E, SMOS) 
Wetland inundation (Radarsat, ERS, Envisat, PalSAR, AMSR-
E) 

Ecosystem Dynamics Seasonal phenology (AVHRR, MODIS, VIIRS, AMSR-E) 
Shrub cover (AVHRR, MODIS, Landsat, ASTER, MISR) 
Post-disturbance vegetation characteristics (AVHRR, MODIS, 
Landsat, LDCM, ASTER, MISR, PALSAR) 

Soil Carbon Changes in frozen ground (see Permafrost) 
Disturbance impacts (see Disturbance) 
Impacts of inundation/soil moisture (see Surface Hydrology) 
Inputs to soil carbon pool (see Ecosystems Dynamics) 

Land-Atmosphere Feedbacks Atmospheric greenhouse gases (GOSAT, OCO-2, 
SCHIAMACHY, MOPPIT, AIRS-AMSU) 
Surface albedo (AVHRR, MODIS, MISR, CERES, NPOESS 
VIIRS, GCOM) 
Disturbance impacts (see Disturbance) 
Vegetation dynamics (see Ecosystem Dynamics) 
Surface water extent and soil moisture (see Surface Hydrology) 

Human Dimensions / Impacts 
Assessment 

Changes to disturbance regimes (see Disturbance) 
Changes in frozen ground (see Permafrost) 
Changes in soil moisture and extent of surface water (see 
Surface Hydrology) 
Changes to vegetation cover (see Ecosystems Dynamics) 

 230 

231 
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Because of these advances, the primary science questions for the ABoVE Science 232 
Themes are based on the availability of observations made from airborne and satellite remote 233 
sensing observations. The answers to these questions depend not only on information products 234 
that are currently available, but also on the information products from additional observation 235 
systems that are scheduled to be launched over the next few years.  ABoVE will thus provide the 236 
opportunity to evaluate new data products developed from continuity programs (e.g., Landsat 237 
follow-on, NPP/NPOESS VIIRS) and from non-U.S. satellite remote sensing systems (e.g., 238 
GOSAT, GCOM, Radarsat, PALSAR, ENVISAT, etc). It will also provide the opportunity for 239 
further refining and validating land and atmospheric information products from NASA missions 240 
that will be launched over the next few years, such as OCO-2 and SMAP. The research that will 241 
be part of ABoVE will provide opportunities to continue to develop approaches to use these new 242 
satellite-based products in modeling (e.g., as inputs or for validation).  ABoVE will build upon 243 
and expand the research that is being undertaken as part of the airborne remote sensing studies 244 
that are part of NASA’s Venture Missions. ABoVE will also include collecting, processing, and 245 
analyzing remote sensing data from airborne systems that serve as testbeds for future satellite 246 
missions, such as DESDynI and HyspIRI, or that are needed to improve or calibrate existing 247 
satellite data products (e.g., surface albedo, atmospheric greenhouse gases).  Finally, while 248 
NASA’s Terrestrial Ecology Program will be the principal sponsor of ABoVE, the focus of this 249 
study is broad enough to be of interest to scientists from other NASA program areas, including 250 
the Cryospheric Science, Hydrologic Science, Land Use/Land Cover Change and Applied 251 
Sciences Programs. Thus, ABoVE will offer significant opportunities to foster inter-disciplinary 252 
earth system science research across many of NASA’s earth systems science programs. 253 

The unique spatial and temporal perspectives afforded by satellite remote sensing data 254 
will integrate across the ABoVE Science Themes. Integrating satellite-based information on 255 
specific land surface characteristics (e.g., disturbances, extent of surface water, variations in 256 
albedo) and ecosystem dynamics will allow for a more comprehensive understanding of the 257 
interactions among processes regulating HNL biomes, and their impacts on critical features of 258 
these biomes (e.g., extent of permafrost, variations in soil carbon, land-atmosphere feedbacks).  259 
This understanding will be central to improving models needed to diagnose ecosystem changes, 260 
underlying processes and feedbacks, and predict future impacts of climate warming across the 261 
Arctic/Boreal region. 262 

For most Science Themes, understanding the underlying drivers of the satellite-based 263 
observations will require addressing important process-driven questions as well.  The 264 
experimental design for ABoVE is based on the fact that in many cases, the processed-based 265 
questions can be addressed using the results of ongoing and planned research in Arctic and 266 
Boreal regions, with many studies involving long-term monitoring through surface observations. 267 
ABoVE will thus provide a unique opportunity for collaboration between field-based research 268 
and monitoring programs being sponsored or planned by U.S. and international funding agencies 269 
(e.g., in Canada and Japan). These include agencies who traditionally fund basic research (e.g., 270 
NSF, NOAA, DOE, USDA, NSERC, JAXA, JAMSTEC), as well as agencies sponsoring applied 271 
research (CFS, USFS, USGS, DOI, NPS, FWS, State of Alaska). Agencies within this latter 272 
group represent important participants in ABoVE for several reasons. First, these agencies are 273 
generating key information products through the analysis of remotely sensed imagery or the 274 
collection of other geospatial data. Second, in some cases they sponsor field-based research and 275 
data collection. Third, many of these agencies are in the process of establishing climate change 276 
assessment programs involving the development of approaches to integrate many different 277 
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classes of models as well as infrastructure to access the data sets required to carry out their 278 
integrated assessments. 279 

1.4  ABoVE Study Domain 280 
ABoVE will focus on the sub-continental region that includes Alaska and northwestern 281 

Canada. This region contains most of the major ecosystem and landscape types found in the 282 
circumpolar Arctic and Boreal region. The ABoVE Study Region provides the spatial scale 283 
required to address the primary science questions in the Seven Science themes. Additional 284 
questions for each science theme will be focused on addressing critical knowledge gaps in 285 
process models. Research to address these questions will take place in ~11 Primary Research 286 
Areas located along three North-South transects. The location of these Primary Research Areas 287 
will be based on opportunities to conduct integrated research across science themes as well as the 288 
existence of ongoing or planned research funded by other agencies, including Canadian and 289 
Japanese organizations.  Upon the completion of an Intensive Study Period that includes airborne 290 
data collections and field studies, the final phase of ABoVE will be to integrate results of 291 
satellite and field-based research and observations from across Alaska, Canada and Eurasia to 292 
provide a pan-Arctic/Boreal assessment of the impacts of climate change on HNL ecosystems 293 
and landscapes. 294 

295 
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2.  ABoVE SCIENCE THEMES 296 

By their very nature, each of the ABoVE science themes requires strongly linked and 297 
integrated studies, both in terms of satellite and land-surface observations and the experiments 298 
and research that are required to address knowledge gaps. The key questions for each earth 299 
science theme will be addressed through the use of specific remotely-sensed information 300 
products. Their use, in turn, will provide the geospatial perspective needed to study the 301 
interactions of processes across and between the themes, and provide the information needed to 302 
understand the human drivers of change and assess the impacts of HNL climate warming. 303 

2.1   Disturbance 304 
This ABoVE Science Theme will investigate the controls on the spatial and temporal patterns 305 
of the primary disturbances in Arctic and Boreal regions, and their immediate (or short term) 306 
impacts across ecosystems and landscapes. 307 

Disturbances are important processes in all Arctic and Boreal regions.  Climate controls 308 
many components of natural disturbance regimes, including the types, intensities, and 309 
frequencies of disturbance to which ecosystems have become adapted. Over the past decade, 310 
fires have burned >15% of the land area in interior Alaska, while insect outbreaks have damaged 311 
some 25% of the forests in British Columbia.  Because of the large areas impacted by 312 
disturbances and the rapidity of their effects, they are in many cases the most important agent for 313 
initiating changes to Arctic and Boreal ecosystems and landscapes. Discrete disturbance events 314 
across different years create landscape heterogeneity at ecoregion scales. Within discrete 315 
disturbance events, heterogeneity at scales of 10 m to ~1000 m is regulated by variations in 316 
disturbance severity controlled by vegetation cover, topography and drainage, which in turn 317 
control the manner in which vegetation, permafrost, and surface hydrology respond to the 318 
disturbance.  Even within individual stands of similar vegetation, disturbance severity often 319 
varies at scales of 1 to 10 m, imparting fine-scale heterogeneity. Studies are needed at all these 320 
scales to understand the impacts of disturbance. 321 

Research during ABoVE will investigate three categories of disturbance agents: physical 322 
(fire and thermokarst), biological (insect and pathogens), and anthropogenic (those associated 323 
with land management and mineral/oil/gas exploration – see section 2.7 below). Disturbances 324 
trigger a variety of responses in ecosystems and landscapes, and the degree to which disturbance 325 
regimes influence the vulnerability (e.g., susceptibility to change) and resilience (e.g., resistance 326 
to change) of ecosystems and landscapes is central to determining how high northern latitude 327 
biomes have and will continue to respond to climate change.  328 

The overall goal for the research carried out for this science theme will be to develop 329 
disturbance probability models. These models are needed not only to assess how futures changes 330 
in climate will drive disturbance regimes, but they are also critical to the modeling of a number 331 
of processes that are impacted by disturbance.  The study of disturbance during ABoVE will be 332 
driven by answering the following questions: 333 

• What patterns and frequencies of disturbance have occurred on Arctic and Boreal 334 
landscapes during the satellite data record (past 35 to 40 years), and what regional 335 
disturbance regimes can be characterized using these data in combination with other 336 
sources of information?  337 

• What factors control the susceptibility of landscapes to disturbance? 338 
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• How are natural disturbance regimes likely to change in a warming climate? 339 
The primary means for studying patterns of disturbance that have occurred over the past 340 

century has been through the use of data sets and disturbance perimeter maps collected by land 341 
management agencies. Analyses of paleo records (tree rings and lake-bottom sediments) provide 342 
a longer-term perspective on disturbance occurrence and frequency.  Information derived from 343 
satellite-remote sensing data provides a more accurate depiction of the distribution of different 344 
disturbances across ecosystems and landscapes. For fires, thermal IR hot spot products present 345 
information on seasonality of burning, while surface reflectance products can separate burned 346 
from unburned landscapes and have great potential for mapping of fire severity. Similarly, 347 
approaches are now being developed to use satellite data to map the location and severity of 348 
insect outbreaks using coarse (e.g., MODIS) and moderate (e.g., Landsat TM) resolution remote 349 
sensing systems. Studies of other common disturbances (thermokarst, oil exploration corridors, 350 
damage to tundra from exploration) have been carried out using fine-scale satellite imagery (e.g., 351 
IKONOS, Quickbird) in combination micro-topography information from airborne LIDAR.  352 
Other surface characteristics mapped using satellite remote sensing data can provide information 353 
on key landscape characteristics at the time of disturbance (e.g., vegetation cover, soil moisture, 354 
presence or absence of water).  355 

Integration of the remotely-sensed products with other geospatial data (e.g., topographic 356 
maps, weather data, insect population data, ignition data, etc.) during ABoVE will be used to 357 
assess variations in disturbances and the underlying landscape and climatic features that control 358 
susceptibility to disturbance across the entire ABoVE Study Region.  Studies of the patterns of 359 
disturbance will be conducted at an ecoregion scale.  Within the individual ecoregions of the 360 
ABoVE Study Region, analyses will further be stratified by primary land-cover type (forest, 361 
tundra, peatland), and further divided by ecosystem and vegetation type, topography, and 362 
drainage classes within individual disturbance events, as necessary. 363 

Measurement and monitoring of disturbance severity is challenging because the specific 364 
vegetation/land surface characteristics used to quantify the impacts of disturbance depends to a 365 
large extent on the ecosystem and process being studied. For example, the changes to surface 366 
characteristics controlling post-fire regeneration of vegetation may be different than those 367 
regulating post-fire degradation of permafrost. Studies of the vulnerability of ecosystems/ 368 
landscapes to disturbance will require a more detailed understanding of a number of underlying 369 
ecosystem/landscape characteristics and processes that cannot be completely assessed using 370 
remote sensing data alone. Because of this challenge, ABoVE will also include research to 371 
address additional process-based questions concerning disturbance:  372 

• How do climate, vegetation, site physiography (including permafrost and hydrology), and 373 
anthropogenic activities interact to control susceptibility to disturbance at landscape scales, 374 
and regulate the severity of disturbance across ecosystems and landscapes?  375 

• How do variations in disturbance regimes and their interactions with surface hydrology and 376 
permafrost  influence the vulnerability of ecosystems and landscapes to changes in state?  377 
To answer these questions, field-based research will be conducted to investigate the 378 

factors that control spatial and temporal variations in disturbance occurrence and severity. These 379 
observations will also support studies to further develop and validate severity maps derived from 380 
satellite remote sensing data.  Research will focus on the systematic collection of data of the 381 
same disturbance type across different ecosystems and landscapes, including research on how 382 
variations in vegetation, surface hydrology and permafrost influence occurrence and severity. A 383 
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systematic sampling design will be developed within individual disturbance events to collect data 384 
in plots that represent the full range in disturbance severity across the range of landscape 385 
characteristics (e.g., vegetation/ecosystem type, topography, site drainage and climatic 386 
conditions) that are expected to control occurrence and severity. 387 

By design, the field-based studies on disturbance will be directly linked to research from 388 
other Science Themes investigating the impacts of disturbance on ecosystem dynamics, soil 389 
carbon, and land-atmosphere feedbacks.  These connections are needed because determining 390 
which ecosystem and surface characteristics are needed to quantify disturbance (e.g., the cause) 391 
requires an understanding of how variations in severity cause changes to ecosystem processes 392 
(e.g., the effects).  Such linkages are needed to determine which vegetation and land surface 393 
characteristics are the most meaningful measures of severity, as well as understanding how 394 
disturbance occurrence and severity influence the vulnerability of ecosystems and landscapes. 395 

2.2   Permafrost 396 
This ABoVE Science Theme will investigate the processes and landscape characteristics 397 
controlling the spatial distribution and dynamics of permanently frozen ground, in particular 398 
factors controlling variations in seasonal thawing and freezing. 399 

Permafrost is common across all Arctic and Boreal biomes, most of it having been 400 
formed during the Holocene and Pleistocene. Permafrost types vary according to the lateral 401 
continuity, depth and ice content of frozen ground.  The depth and soil texture of the seasonal 402 
thaw layer above the permafrost regulates site drainage, surface hydrology, ecosystem dynamics, 403 
and over the longer term, storage of soil carbon.  404 

The broad zones of permafrost types (continuous, discontinuous and sporadic), and the 405 
basic processes regulating the formation and degradation of permafrost are relatively well 406 
understood.  In general, permafrost may form in regions where the average annual air 407 
temperature is < 0º C. With climate warming occurring across the HNL region, key 408 
characteristics of permafrost (e.g., temperature, active layer depth) are already changing and are 409 
expected to continue to change. In some regions, loss of permafrost is already occurring and 410 
expected to be more substantial in the near future.  However, changes to permafrost are difficult 411 
to predict because there are many non-linear responses associated with the surface energy 412 
exchange and the vertical and horizontal transfer of this energy in soils and landscapes with 413 
permafrost. The study of permafrost during ABoVE will be driven by studying the key surface 414 
characteristics that are responsible for regulating the surface energy budget in HNL regions, 415 
specifically answering the following question: 416 

• How do variations in air temperature, snow cover, disturbance, surface hydrology, and 417 
vegetation cover interact to control the distribution of permafrost and permafrost 418 
degradation? 419 
While recent studies have shown a gradual increase in the permafrost temperature in 420 

HNL regions over the past two to three decades, the rates of warming have not been uniform in 421 
time and space.  During ABoVE, observations from satellite remote sensing systems will be used 422 
to monitor and quantify key land surface characteristics that regulate permafrost dynamics. In 423 
particular, satellite remote sensing data will be used to measure seasonal and inter-annual 424 
variations in snow cover, patterns of vegetation cover and vegetation change, disturbance 425 
occurrence and severity, variations in surface water coverage, and variations in soil moisture. 426 
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Studies of the impacts of permafrost warming on thermokarst will be carried out using fine- 427 
resolution satellite imagery and airborne LIDAR. 428 

These observations will be used with field based measurements to understand driving 429 
processes and as agents for the development of and inputs for physical models to predict spatial 430 
and temporal patterns and future conditions for soil active layer depth and permafrost status.  The 431 
permafrost models will be validated using existing longer-term records of permafrost 432 
temperature, as well as new observations of ground layer temperature and moisture collected 433 
during ABoVE. 434 

Improvement of the fundamental processes incorporated in ground-layer thermodynamic 435 
and permafrost models will require answering key process-based questions: 436 

• What are the causes and distribution of different permafrost thaw mechanisms across 437 
the landscape?  438 

• What is the scale of patchiness of permafrost within discontinuous permafrost areas 439 
and what are the controls on this patchiness? 440 

• How will the area extent of permafrost that is vulnerable to thawing vary as a function 441 
of climate warming and climate change?  442 

• What is the influence of summer versus winter warming for causing permafrost 443 
temperatures to increase? 444 

• How important is air temperature change versus change in snow depth/timing for 445 
permafrost stability? 446 
Addressing these questions will require field-based studies in different land-cover types 447 

(tundra, forest, peatlands) located across the major permafrost zones (continuous, discontinuous, 448 
and sporadic).  These sites will also be selected to encompass variations in ice content and 449 
disturbances.  The field-based studies will include measurement of depths and bulk densities of 450 
organic and mineral soils, permafrost depth and temperature, vegetation cover, seasonal snow 451 
depths and snow water content, ground ice content, seasonal ground temperature and moisture 452 
profiles, and seasonal active layer depths. These field-based studies will also include seasonal 453 
mapping and monitoring of thermokarst, areas experiencing thermal erosion, and areas where 454 
permafrost thawing is causing mass wasting.  These field-based observations will provide the 455 
means to address the process-based questions and key knowledge gaps, including the coupling of 456 
processes and feedbacks (e.g., hydrology, vegetation, thermokarst, etc.), non-linearity in controls 457 
on permafrost and feedbacks on permafrost, and impacts of disturbance. 458 

To test specific hypotheses, field-based research will include both natural and 459 
manipulative experiments to study controls on permafrost. Natural experiments will occur within 460 
watersheds to study how natural variations in mineral soil, slope, soil moisture, vegetation, and 461 
organic layer control permafrost and its seasonal dynamics. Manipulative studies will focus on 462 
determining how variations in warming, snow depth, water table, and organic layer thickness 463 
control permafrost.  Remote sensing and physical models will be used for spatial and temporal 464 
scaling and extrapolation of these relationships over the larger ABoVE domains. 465 

466 
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2.3   Surface Hydrology 467 
This ABoVE Science Theme will investigate processes and factors controlling the spatial and 468 
temporal patterns of surface and subsurface water (including soil moisture) across different 469 
ecosystems and landscapes. 470 

Annual precipitation in Arctic and Boreal biomes tends to be much lower than in 471 
temperate, sub-tropical, and tropical regions outside of deserts.  Because of lower temperatures 472 
and solar illumination, however, the rates of evapotranspiration in HNL regions are low as well. 473 
As a result, the combination of poorly drained mineral soils, permafrost, and vast areas with low 474 
relief has produced extensive areas with ponds, small lakes, wetlands, and peatlands.  The 475 
distribution, state and variability of water storage across the landscape influences land-476 
atmosphere feedbacks (including water and energy exchange), permafrost formation and 477 
degradation, disturbance regimes, vegetation dynamics, and soil carbon.  Water is transported 478 
and redistributed across the landscape via evapotranspiration, seepage into groundwater, and 479 
runoff into surface water bodies including lakes, streams and rivers, and, ultimately, flows into 480 
the oceans.  Thus, surface hydrologic processes represent a key linkage between the land surface 481 
and the coastal oceans. Land surface hydrology studies for ABoVE will answer the following 482 
questions: 483 

• What are the long- and short-term variations in pond and lake area extent, surface 484 
water inundation, and soil moisture, and what controls this variability? 485 

• What are the processes regulating the flow of freshwater from the land surface to the 486 
Arctic Ocean and Bering Sea? 487 

• How do land surface hydrology patterns interact with vegetation, topography and 488 
permafrost to influence ecosystem dynamics, disturbance and the vulnerability and 489 
resiliency of Arctic/Boreal ecosystems to recent climate change? 490 

• How do disturbances (thermokarst, fire, insects) affect the hydrologic regime? 491 
Recent research has shown that the cabilities to monitor spatial and temporal variations in 492 

land surface hydrology are already available from existing satellite remote sensing systems or 493 
will be available from soon-to-be deployed systems.  Surface hydrological characteristics 494 
available through the processing of satellite remote sensing data include longer-term patterns of 495 
the number of small ponds and lakes and their area (using Landsat TM), mapping of surface 496 
water extent and inundation (using SAR, MODIS, AMSR-E), detection and mapping of floods 497 
(using MODIS, SAR), and mapping of soil moisture (using airborne and spaceborne SARs, 498 
microwave radiometers, and SMAP). During ABoVE data from all these remote sensing systems 499 
will be brought together and integrated to study variations in surface hydrology in Arctic and 500 
Boreal biomes. Information products derived from remote sensing data will also be used to 501 
investigate factors that control variations in surface hydrology. These additional products will 502 
include maps of vegetation type (particularly improved maps of peatlands and wetlands), micro-503 
topography in areas with low relief, seasonal and inter-annual variations in snow and ice cover, 504 
seasonal and inter-annual variations in water surface temperature, and landscape freeze/thaw 505 
status. Research will be carried out in a number of Primary and Secondary Research Areas that 506 
provide the needed gradients to understand how surface hydrology is controlled by a number of 507 
critical factors, including climate, permafrost, and land cover type, ecosystem dynamics and 508 
disturbance. The satellite observations will be used as inputs for or a means to validate models 509 
that study the distribution and runoff of surface water in Arctic and Boreal regions.  These 510 
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include watershed and regional-scale water budget models that involve all components of the 511 
water balance, stream flow and river discharge models, lateral flow models in regions of low 512 
topography, and land-atmosphere water exchange models. 513 

ABoVE will also include research to address key knowledge gaps in these process based 514 
models by answering the following process-based questions: 515 

• What factors control the probability distribution of water storage in watersheds (i.e the 516 
likelihood of being wet)? 517 

• How do surficial flow regimes (direction, timing, connectivity and discharge) change 518 
seasonally and inter-annually? 519 

• What are the temporal dynamics of and physical controls on transitional phenomena 520 
and extreme events (e.g. flooding, freeze/thaw, ice break-up, etc.)? 521 

• What are the feedbacks between surface and sub-surface hydrology, landforms, 522 
permafrost and vegetation? 523 

• How are hydrological patterns and processes influencing and responding to regional 524 
water cycle intensification under recent global warming? 525 
Field based research will be carried out at the watershed scale to address key knowledge 526 

gaps on processes and conditions that influence surface hydrology, including: (1) the effects of 527 
soil moisture and sub-surface hydrology on evapotranspiration by plant communities; and 2) 528 
factors controlling soil moisture and surface water storage across ecosystems, particularly in 529 
wetlands and peatlands and areas underlain by permafrost; (3) factors controlling the vertical and 530 
lateral fluxes between ground water and surface waters; (4) the pattern, rates and seasonality of 531 
lateral water movements; (5) hydrologic connectivity between upland and lowland ecosystems in 532 
relatively flat terrain; and (6) how variations in surface hydrology influence biogeochemical 533 
cycling. 534 

Critical measurements collected during ABoVE will include soil moisture, precipitation, 535 
snow depth and snow water equivalent; tower eddy covariance measurements of land-536 
atmosphere water and energy fluxes; water isotope measurements for diagnosing rates of transfer 537 
and storage residence times; stream flow data; fine scale topography; vertical and lateral runoff 538 
and groundwater flows sufficient to characterize flow pathways within relatively flat boreal and 539 
tundra landscapes; and measurement of water chemistry. 540 

As with the permafrost studies, to test specific hypotheses, ABoVE research will include 541 
both natural and manipulative experiments. Because many of the factors controlling permafrost 542 
are also important in the understanding of surface hydrology, the same experiments used for 543 
permafrost will also be used to inform studies of factors controlling permafrost. The natural 544 
experiments will also include investigations on the role of disturbance on surface hydrology 545 
through direct comparisons between disturbed and undisturbed areas. 546 

2.4   Ecosystem Dynamics 547 
This ABoVE Science Theme will investigate the integrated responses of ecosystems to changes 548 
in climate, disturbance regimes, surface hydrology, and permafrost. 549 

There is no doubt that recent climate change has resulted in changes to all terrestrial 550 
ecosystems in the pan Arctic-Boreal region. Warming and changes to precipitation and snowfall 551 
patterns have caused a lengthening of the growing season and changes in plant phenology. While 552 
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plant growth has increased in response to warming in some regions, drought-induced stress has 553 
decreased growth in others. Plant biodiversity is changing, with new species invading some 554 
regions and species becoming locally extinct in others. As a result, community composition is 555 
changing, especially during secondary succession following disturbance. Variations in ecosystem 556 
dynamics in many instances are regulated by availability of key nutrients (particularly nitrogen) 557 
and soil temperature and moisture; thus, permafrost and surface hydrology are particularly 558 
important in understanding ecosystem dynamics in HNL regions. Ecosystem dynamics studies 559 
for ABoVE will answer the following questions: 560 

• What are the drivers of longer-term patterns of greening and browning observed in the 561 
satellite data record? 562 

• What is the seasonal and inter-annual variability in growing season timing and length 563 
based upon observations of surface temperatures and plant phenology? 564 

• To what degree are variations in disturbance regimes driving changes in secondary 565 
succession? 566 

 Since the late 1990s, a number of studies have used satellite remote sensing 567 
measurements of vegetation greenness to study vegetation dynamics on a global scale. These 568 
observations are being used to investigate patterns of plant phenology related to seasonal patterns 569 
of temperature and precipitation as well as identify areas with enhanced or suppressed plant 570 
growth.  Because of strong seasonal variations in climate as well as recent climate warming, 571 
much of this research has focused on the HNL region, and there are still unanswered questions 572 
with respect to how the vegetation changes are influencing the satellite observations. 573 
 ABoVE will carry out research to further develop approaches to use satellite remote 574 
sensing data to monitor spatial and temporal variations in ecosystem dynamics in HNL regions, 575 
and to understand the processes that are responsible for these variations.  To achieve this goal, 576 
ABoVE will carry out inter-comparisons of variations in satellite remote sensing derived 577 
measures of land-surface-greenness from different coarse-resolution satellite systems, including 578 
AVHRR (both GAC and LAC data), MODIS, and NPP/NPOESS. Moderate-resolution satellite 579 
imagery (Landsat TM/ETM+, LDCM) will also be used in this assessment. The causes of the 580 
variations in satellite-observation of vegetation dynamics will investigated through comparisons 581 
with a variety of geospatial data, including, for example: (a) satellite maps of disturbance; (b) 582 
seasonal variations in surface temperature and precipitation; (c) observations of canopy and 583 
ground layer phenology and snow cover; (d) satellite freeze/thaw maps; (e) satellite snow cover 584 
maps; and (f) satellite maps of soil moisture and surface water extent.  585 

Field-based studies will be carried out to further develop approaches for and validate the 586 
use of satellite-remote sensing to monitor specific changes to ecosystem dynamics in HNL 587 
regions, including: (a) further developing approaches to use remote sensing data to monitor 588 
changes in community structure and plant growth associated with differences in secondary 589 
succession across different land-cover types (forests, tundra and peatlands) and ecosystems that 590 
result from variations in disturbance severity; (b) assessment of surface characteristics (e.g., soil 591 
moisture, disturbance severity) that controls post-disturbance regeneration; (c) evaluating the 592 
degree to which insect defoliation and aspen mortality in the southern Boreal forest drives 593 
variations in satellite greenness; and (d) further assessments of the degree to which satellite 594 
remote sensing data can be used to detect increased shrub growth in tundra. 595 
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 To understand the fundamental causes of changes to ecosystem dynamics, ABoVE 596 
research will also be directed towards answering the following process-driven questions:  597 

• How are ecosystem dynamics responding to temporal and spatial variability and 598 
systematic shifts in forcing processes (disturbance regimes, surface hydrology, 599 
permafrost, site physiography) and more directly to climate?   600 

• What has been the magnitude, direction, and rate of changes in ecosystem dynamics 601 
over the recent past (last 30-100 years), and how do they compare to longer-term 602 
(Paleo) records and climate proxies?   603 

• Are some ecosystem components (vegetation, fauna, etc) more vulnerable or more 604 
resilient than others to state changes, and how much plasticity is there in these 605 
responses?  606 

 To address these questions, ABoVE research will be carried to study variations in post-607 
disturbance vegetation structure and growth as a function of ecosystem and disturbance type, 608 
including chronosequence studies. Paleoecological studies using lake-bottom sediments will be 609 
conducted to examine vegetation community change as a function of fire frequency. Field 610 
measurements and experiments will also be carried out to study factors controlling spatial and 611 
temporal variations in plant community structure and response rates to variations in permafrost 612 
and surface hydrology. Examination of tree rings will provide information on how local 613 
weather/climate variations have impacted plant growth. This research will be coordinated with 614 
studies being carried out for the disturbance, permafrost, and surface hydrology themes, and also 615 
include studies on how variations in biogeochemical cycling influence ecosystem dynamics, in 616 
particular nitrogen cycling. 617 

2.5   Soil Carbon 618 

This ABoVE Science Theme will investigate the responses of organic and mineral soil carbon 619 
stocks to the direct and indirect impacts of climate change. 620 

As much as 1,672 Pg of organic carbon (C) resides in the soils and sediments of Arctic 621 
and Boreal regions.  Cold or frozen soils and poor drainage have driven net accumulation of soil 622 
C over millennial time scales, but recent studies suggest that these historic sinks for atmospheric 623 
CO2 may be transitioning into net sources as climate warms and the frequency of disturbance, 624 
such as fire or thermokarst, increases.  Because these soil C stocks are more than twice the size 625 
of the atmospheric C pool, there has been considerable interest in understanding how they will 626 
respond to observed and predicted changes in climate.  Indeed, thaw, decomposition and release 627 
of C from northern latitude permafrost soils has been identified as a tipping point that could drive 628 
accelerated warming and associated ecosystem changes and feedbacks. Organic soil stocks in 629 
peatlands, wetlands, tundra and forests growing on permafrost and poorly-drained sites are 630 
regulated by rates of inputs from moss and lichen growth and rates of loss by aerobic and 631 
anaerobic respiration and combustion during fire. Additional research is needed to accurately 632 
quantify the impacts of climate change on this large soil carbon pool. 633 
  Soil carbon studies for ABoVE will address the following question: 634 

• How vulnerable are soil carbon pools to changes in climate, disturbance, surface 635 
hydrology, permafrost and ecosystem dynamics? 636 

 Research for ABoVE will compile and analyze information products derived from 637 
airborne and satellite remote sensing data that are central to the study and modeling of soil 638 
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carbon stocks in Arctic and Boreal ecosystems. Improvement of estimates of soil carbon stocks 639 
requires linking surface-based inventories with maps of land surface features that correlate with 640 
variations in soil carbon.  Towards this end, ABoVE will provide maps of vegetation types 641 
(especially improve maps of wetlands and peatlands), disturbance location, type and severity, 642 
and topography and microtopography.  643 
 Research will also focus on providing spatial and temporal information on surface 644 
characteristics that control emissions of carbon-based trace gases from soils or landscapes (e.g., 645 
disturbance, aerobic and anaerobic heterotrophic respiration, and ebullition from lakes) or drive 646 
the longer-term storage of soil carbon. Satellite remote sensing will be used to provide 647 
information on patterns of disturbance, soil moisture, surface water extent and surface 648 
temperature, lake ice extent, and inundation levels in peatlands and wetlands. These observations 649 
will be used as inputs into process models that estimate carbon fluxes from Arctic and Boreal 650 
organic and mineral soils. These studies will be coordinated with those being carried out for the 651 
Land-Atmosphere Feedbacks Science Theme. 652 
 To address key knowledge gaps in understanding the processes controlling soil carbon, 653 
research will be carried out to answer the following process-driven questions: 654 

• How is climate variability altering patterns of soil carbon storage, and what are the 655 
primary mechanisms driving these changes? 656 

• Which ecosystem types and landscape components are most vulnerable to abrupt loss 657 
of soil C in a changing climate, and which are resistant to abrupt loss? 658 

• What is the net change in regional soil C stocks in response to the last several decades 659 
of warming, and how are stocks likely to change over the next century in response to 660 
predicted changes in climate and disturbance? 661 

 To quantify the amounts and condition (e.g., age class, vertical distribution, chemistry) of 662 
soil C in different ecosystems and landscapes, ABoVE will contribute to ongoing regional soil 663 
mapping efforts by the USGS, USDA and Agriculture and Agri-Food Canada) by inventorying 664 
soils in key areas known to have large soil C stocks.  Soil C stocks will be mapped based on 665 
stratifying the landscape by vegetation cover, topography, surface hydrology, permafrost 666 
distribution and disturbance history. The covariation between soil C and these features will 667 
provide insight into controls over spatial heterogeneity in soil C storage. To understand how 668 
disturbance affects temporal heterogeneity in soil C storage, chronosequences will be constructed 669 
by assembling a series of mapped sites that vary in time since disturbance, where other state 670 
factors remain constant.  While surface soils in our study regions are relatively well-represented 671 
in current soil mapping efforts, few data exist for soil C stocks in permafrost soils.  ABoVE soil 672 
C mapping will place particular emphasis on inventory and mapping of carbon stocks and ice 673 
content – which will determine the degree of surface subsidence upon thaw – of deep permafrost 674 
soils.   675 
 Upon thawing, the rate of C release from permafrost soils will depend upon C pool size, 676 
environmental conditions such as moisture, temperature and oxygen availability, and the lability 677 
(or relative decomposability) of soil C, including dissolved organic carbon (DOC) residing in 678 
soil water.  The ABoVE inventory of deep permafrost C stocks will provide materials for 679 
laboratory incubation experiments that will examine the response of CO2 and CH4 release from 680 
newly-thawed permafrost soils to variation in temperature and moisture under oxic or anoxic 681 
conditions.  Remote sensing will be employed to quantify linkages between in situ soil C patterns 682 
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and overlying vegetation, terrain and microclimate conditions. Remote sensing derived 683 
parameters that are directly relevant to soil C studies include surface temperature and freeze-684 
thaw status, vegetation cover and productivity, microtopography, surface soil moisture and 685 
inundation. Data from these laboratory and remote sensing studies will be used to develop 686 
models of soil C dynamics in newly-thawed permafrost soils. 687 
 To understand how climate variability is altering the spatial and temporal heterogeneity 688 
of soil C storage, research will include field observations of soil C dynamics along with micro-689 
meterological measurements of C (CO2 and CH4) exchange and C balance (see Land-690 
Atmosphere Feedbacks Science Theme).  Continuous measurements of soil respiration will be 691 
made with autochambers that will not only be installed within flux tower footprints but will also 692 
be located independently in ecosystems that contain large soil carbon pools. Autochambers will 693 
be located along gradients of disturbance severity (thermokarst and fire) to develop data sets 694 
needed to understand how these perturbations affect soil carbon. Respiration will be partitioned 695 
between autotrophic and heterotrophic sources with isotopic methods, including in-line 696 
measurements of 13C:12C ratios, and periodic measurements of 14C to determine the sources to 697 
ecosystem respiration. In wetland/peatland sites, CH4 flux can contribute up to 10% of total C in 698 
heterotrophic respiration, so studies will assess CH4 fluxes from soil respiration as well. 699 
Intensive field measurements and experiments that manipulate key environmental controls (water 700 
depth, soil temperature, snow cover, etc.) will be complemented by less intensive, more 701 
distributed field measurements of soil respiration and laboratory measurements of soil organic 702 
matter lability that will be linked to studies of factors controlling permafrost, surface hydrology 703 
and disturbance in the other thematic areas.  As abrupt losses of soil C also contribute to site and 704 
regional soil C balance, studies will also focus field measurements on recent fire or erosive 705 
thermokarst events where soil C losses can be directly estimated from biometric markers, and 706 
geochemical or geomorphological benchmarks. 707 
 Studies carried out for the disturbance theme will provide a basis for understanding the 708 
processes controlling the severity of fires in ecosystems with deep organic soils.  Typically it is 709 
only the surface organic layers that are susceptible to direct combustion, and the fraction 710 
consumed is likely related to fuel moisture, and fire characteristics. Direct removal of organic 711 
soil C by fire is a distinct mechanism under different controls that regulate heterotrophic losses.  712 
The burning of organic soils during fires is the subject of considerable ongoing research, and it is 713 
expected that additional field observations will be collected during ABoVE field studies. 714 
Additional data will help refine models that determine the fraction of organic soil C susceptible 715 
to direct combustion. 716 

2.6   Land-Atmosphere Feedbacks 717 
This ABoVE Science Theme will investigate the role that processes occurring on the land 718 
surfaces have on regulating key characteristics of the atmosphere and climate. 719 
 The vast HNL region has particularly strong feedbacks between the Earth’s surface and 720 
its climate. Over the past half century, a strong positive feedback has resulted from decreased 721 
surface albedo from a loss of snow cover in the spring and fall. Over millennial time scales, the 722 
storage of atmospheric carbon in Arctic and Boreal soils has significantly reduced the 723 
atmosphere’s concentration of greenhouse gases; however, HNL peatlands and wetlands are one 724 
of the most likely sources of recent increases in atmospheric methane. Continued climate 725 
warming will result in further HNL feedbacks to the Earth’s climate. Positive feedbacks would 726 
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occur from additional greenhouse gas emissions from increased fires, thawing of permafrost, 727 
vegetation productivity decline and increases in heterotrophic respiration, or through further 728 
reductions in land surface albedo from snow duration decline or expansion of treeline and shrub 729 
extent in tundra. Negative feedbacks would occur from increases in net primary production and 730 
terrestrial C sink activity, increases in surface albedo through the shift from coniferous to 731 
deciduous vegetation, and an increase in clouds resulting from increased evapotranspiration. 732 
Particular attention needs to be paid to clarify the roles, interactions and cumulative effects of 733 
these different feedbacks.  Land-atmosphere feedback studies for ABoVE will address the 734 
following observation-driven questions: 735 

• What is the spatial/temporal variability in surface albedo in HNL regions and how do 736 
variations in snow cover, surface water, and vegetation dynamics control these 737 
variations? 738 

• What is the spatial/temporal variability in direct emissions of trace gases and 739 
particulate matter from wildland fires and what controls this variability? 740 

• What is the impact of inter-annual variability in growing season length on ecosystem 741 
productivity, and net ecosystem exchange of C with the atmosphere? 742 

• What is the relative impact of changes in surface albedo versus changes in net carbon 743 
exchange on climate? 744 

 These questions will be addressed through the use of a variety of information products 745 
derived from satellite and airborne remote sensing, with many of the products being used to 746 
address questions from other ABoVE Science Themes. Surface albedo products from existing 747 
(MODIS, MISR, and CERES) and future (NPP/NPOESS VIIRS and GCOM) remote sensing 748 
will be cross-calibrated through comparison with albedo collected from surface and airborne 749 
platforms.  These calibrated data products will provide the basis for studies of how variations in 750 
snow cover and vegetation alter albedo which in turn, affect climate. In particular, linking the 751 
surface albedo and ecosystem dynamics studies in ABoVE will provide a fundamental 752 
understanding of how changes to vegetation related to climate and disturbance and changes in 753 
permafrost and surface hydrology will impact climate.  754 
 Recent and ongoing advances in remote sensing of atmospheric trace gases will provide 755 
data sets critical to understanding spatial and temporal distribution of CO2 and CH4.  For 756 
ABoVE, data on carbon dioxide and methane concentrations will be provided by satellite sensors 757 
(GOSAT, OCO-2, SCHIAMACHY, MOPPIT, AIRS-AMSU) as well as airborne systems, in 758 
particular, data collected by the Carbon in Arctic Reservoirs Vulnerability Experiment 759 
(CARVE), an Earth Venture-1 mission recently selected for funding by NASA.  760 
 Research from the Disturbance and Soil Carbon Science Themes will produce or provide 761 
information products for the improvement of estimates of greenhouse gas emissions from fires in 762 
Arctic and Boreal ecosystems. Satellite information products on burned area, fire severity, and 763 
seasonal patterns of burning will be used as inputs to fire emission models, and used to 764 
investigate factors that control variations in pyrogenic emissions. 765 
 Satellite remote sensing products that estimate NPP and NEP (NPP – heterotrophic 766 
respiration) will be integrated with the results from other studies carried out for this science 767 
theme to determine the effect of net ecosystem exchange (NEE = NEP – carbon losses from fire) 768 
on radiative forcing of the earth’s atmosphere. The satellite-based observations will also be 769 
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compared with outputs of process models that estimate net changes to surface albedo and 770 
terrestrial carbon cycling in HNL regions. 771 
 Addressing key knowledge gaps will also require answering process-driven questions: 772 

• How do interactions between land surface processes interact to regulate the 773 
atmospheric concentration of key greenhouse gases? 774 

• Are there critical tipping points in the processes that regulate releases of carbon to the 775 
atmosphere from large soil carbon pools? 776 

• How do interactions between land surface processes interact to regulate surface albedo 777 
and control the exchange of water and sensible heat between the land surface and the 778 
atmosphere? 779 

 Much of the field-based research required to address these questions has already been 780 
outlined in the other ABoVE Science Theme descriptions. Addressing the land-atmosphere 781 
feedback questions requires collection and integration of data collected from eddy covariance 782 
towers that measure exchanges of mass (water and carbon) and energy between the land and 783 
atmosphere, as well as associated meteorological variables (albedo, radiation, soil temperature, 784 
precipitation as rain and snow, etc).  While eddy covariance towers have been deployed in a 785 
number of different ecosystems across the HNL region, additional towers will need to be 786 
deployed during ABoVE.  Additional methane flux measurements can be made using flux 787 
chambers. The challenge in collecting the flux data will be the development of an experimental 788 
design to collect the data needed to understand how interactions between disturbance, 789 
permafrost, and surface hydrology control exchanges of mass and energy between the land 790 
surface and atmosphere across the major ecosystem types in the HNL region. This research will 791 
coordinated with that being carried out for the Soil Carbon Science Theme. 792 
 An additional challenge will be to develop a framework that allows for the integration 793 
and linking of relatively fine scale (bottom-up) process models to other (top-down) models used 794 
to study global climate and land-atmosphere feedbacks. While the process models would be 795 
driven with in situ measurements and/or down-scaled climate model simulations or model 796 
reanalysis data, many, if not most of the process-based models are not developed enough to be 797 
able to address land-atmosphere feedbacks in HNL regions. Addressing these knowledge gaps 798 
will require significant model augmentation, coupling and refinement. 799 

2.7   Human Dimensions / Impact Assessment 800 

This ABoVE Science Theme will investigate the role that humans play in altering HNL 801 
ecosystems and landscapes and explore how climate warming will impact ecosystem services 802 
and society. 803 

While human activities play a less prominent role in disturbing landscapes and altering 804 
community composition in HNL ecosystems compared to other biomes, land management 805 
decisions do have a direct role in regulating the frequency and severity of several natural 806 
disturbances (fire and insects). In addition, in several instances, mineral exploration and resource 807 
development activities represent a significant source of disturbance at local scales. Key questions 808 
on the role of humans in HNL ecosystems include: 809 

• To what extent have human ignitions and fire management policies influenced the fire 810 
regime? 811 
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• Have fire management policies altered the susceptibility of forests to invasions of 812 
insects and disease? 813 

• How have hydrocarbon exploration activities influenced permafrost in tundra and 814 
surface hydrology in peatlands? 815 
Increasingly, the knowledge being generated through basic research on the causes and 816 

effects of climate change are being used by policy makers and land managers who need to make 817 
decisions based on the assessments of the present and future impacts of climate change. We 818 
envision that through collaborations with land management agencies, the new information 819 
capabilities resulting from ABoVE will allow a number of assessment-driven questions to be 820 
addressed:  821 

• How will climate change influence disturbance regimes? 822 
• What options exist for mitigating the impacts of climate change on disturbance 823 

regimes? 824 
• How will climate change impact fish and wildlife habitat? 825 
• Will climate change harm or enhance production of timber and wood fiber? 826 
• How will climate change influence the ecosystem services that provide the foundation 827 

for subsistence cultures? 828 
• How will changes to surface hydrology and permafrost affect resource exploration and 829 

mineral extraction? 830 
• How will climate change alter the potential for agriculture and community gardens in 831 

HNL regions? 832 
Research to address these human dimensions questions will require an integrated 833 

approach with studies being carried out for other science themes. Specifically, the questions on 834 
human impacts on fire and insect regimes will be coordinated with research for the disturbance 835 
science theme, with data on land management activities being integrated with other disturbance 836 
data sets to determine the role of human activities. The research on the impacts of human 837 
disturbances will be coordinated with those activities being carried out for the permafrost and 838 
surface hydrology science themes. In these cases, it will be necessary to obtain fine resolution 839 
airborne or satellite remote sensing imagery (e.g., IKONOS, QuickBird) or aerial photography to 840 
quantify the location and extent of the disturbances. 841 

To address the assessment driven questions will most likely require additional research 842 
on the direct and indirect impacts of climate change on key fish and wildlife populations, 843 
specifically that linking landscape composition to wildlife population ecology. These data will 844 
require collaboration with federal, state, and provincial wildlife management agencies. In 845 
addition, research will be needed to further understand how human societies in HNL regions are 846 
likely to be impacted by the direct and indirect impacts of climate change. 847 

ABoVE research on carbon cycling as part of the Soil Carbon and Land/Atmosphere 848 
Feedbacks Science Themes will provide the basis for improved assessments of factors regulating 849 
the carbon budgets of Arctic and Boreal ecosystems, an ecosystem service that is of increasing 850 
importance to land managers whose responsibilities include carbon management. 851 

The inclusion of impacts assessment as part of this science theme was to a large extent 852 
based upon: (a) an increasing recognition within NASA and other U.S. and international 853 
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agencies on the need to develop decision support systems to provide information and analyses to 854 
land managers, policy makers, and other decision makers; and (b) the recent development of 855 
programs within land management agencies whose mandate is to provide data required for 856 
climate treaty monitoring (e.g., the Canadian Forest Service) or to assess the impacts of climate 857 
change (e.g., the US Fish and Wildlife Service Landscape Conservation Cooperatives and 858 
Department of Interior Climate Science Centers). A key component of these programs is the 859 
refinement and development of the same process-driven models that will be the focus of research 860 
in ABoVE. Because of the similarity in interests, the opportunity exists to coordinate these 861 
modeling activities and the associated research. 862 

863 
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3.  RESEARCH STRATEGY / STUDY DESIGN 864 

ABoVE will consist of activities designed to address the research goals, objectives, and 865 
questions associated with each Science Theme.  The major components of ABoVE will consist 866 
of: (a) modeling activities that will (1) address limitations in process-based models that have 867 
been developed for the different ABoVE science themes; and (2) an approach to link various 868 
process models used in the individual science themes to provide the capability to carry out 869 
integrated assessments on the impacts of climate change on Arctic and Boreal ecosystems; (b) an 870 
Intensive Study Period (ISP) that consists of the coordinated remote sensing and field 871 
observations, process studies, experiments and modeling activities that are needed to address the 872 
Science Theme questions; (c) analysis and synthesis of data collected during the intensive study 873 
period campaign as well as from other research and monitoring activities in the pan-874 
Arctic/Boreal region; and (d) assessment of the likely impacts of future climate change on the 875 
vulnerability of Arctic and Boreal ecosystems and landscapes at a global scale. 876 

3.1   Overall Approach / Design 877 
ABoVE will be carried out in three phases over an 8 to10 year period (Table 2). Phase I 878 

(2 years) will develop a detailed experiment plan. Phase II will include the ISP where field data 879 
are collected along with remote sensing data. The results from the synthesis of these observations 880 
will be used to improve process models associated with the different Science Themes.Phase III 881 
will focus on synthesizing the research carried out during the ISP with that be carried out in other 882 
HNL regions to provide the basis for conducting an assessment of the impacts of climate change 883 
on Arctic and Boreal ecosystems on a global scale. Throughout Phases II and III, ABoVE will 884 
develop and refine an Integrated Modeling Framework (IMF) that allows linking the various 885 
process models in order to carry out integrated assessments. 886 

The beginning of ABoVE will include an 18-month Planning Phase, during which an 887 
Experiment Planning Team will be formed to (a) identify key knowledge and data gaps that need 888 
to be addressed in order to model land surface processes and interactions and feedbacks between 889 
the land surface and the atmosphere; (b) review ongoing and planned research, data collection, 890 
and assessment activities that are taking place in the ABoVE Study Region that will address 891 
these knowledge gaps; and (c) develop a detailed experiment plan that provides for coordination 892 
of ongoing and planned activities and includes a data collection and analysis strategy for NASA-893 
sponsored  research that will collect and compile the information needed to address the 894 
knowledge/data gaps, and will provide a framework for assessing the direct and indirect impacts 895 
of climate change on HNL ecosystems and landscapes.  896 

We envision ABoVE being an eight to ten year multidisciplinary study that includes an 897 
ISP staged over a four to five year time span. Four to five years of field research represents the 898 
minimum time period needed to capture the intra- and inter-annual variations in atmospheric 899 
conditions (e.g., temperature, precipitation, snowfall, relative humidity, wind, etc.) that drive 900 
ecosystem processes in HNL regions.  Research will be conducted at six discrete spatial scales – 901 
the largest being the pan Arctic-Boreal region and the smallest being individual plots required to 902 
conduct experiments, collect data (including eddy covariance data) and make observations to 903 
address specific knowledge gaps and for development and validation of satellite data products 904 
(see Figure 2).  The ISP would involve activities in multiple Primary Research Areas (PRAs) as 905 
well Secondary Research Areas (SRAs).  The selection of these research areas will be based on 906 
identification of sub-regions that provide the opportunities to carry out studies and experiments907 
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Table 2.  Proposed activities and their timelines for ABoVE. Those activities in bold-italics would be carried out by the program office during the 908 
initial planning stages for ABoVE. The bold boxes represent groups of 3 year-long activities that would be carried out as a result of peer review of 909 
proposals submitted by individual or groups of researchers. 910 
  Phase I Phase II Phase III 
Study Year    1 2 3 4 5 6 7 8 9 10 
Fiscal Year FY11  FY12 FY13 FY14 FY15 FY16 FY17 FY18 FY19 FY20 FY21 
  A B A B A B A B A B A B A B A B A B A B A B 
Planning and Project Activities                                             
Develop ABoVE Experiment Plan                                             
Design Integrated Modeling Framework (IMF)                                             
Assess Model Requirements                                             
Planning and Review of Ongoing Research                                             
Instrument Installation                                             
Funded Research Activities                                             
MODELLING STUDIES                                             
Ia. Develop Integrated Modeling Framework                                              

Ib. Compile Regional RS Data Sets for IMF vI                                             
Ic. Implement/Exercise IMF vI                                             

IIa.Modify IMF vI based on ABoVE results                                             
IIb.Compile Regional RS Data Sets for IMF vII                                             
IIc.Exercise/Evaluate IMF vII for ASR                                             

III a. Synthesize Research from Pan Arctic-Boreal Region                                             

IVa. Implement IMF vIII                                             
IVb. Compile/Develop RS Global Data sets for IMF vIII                                             
Ivb\C.Conduct Pan Arctic/Boreal Assessment with IMF vIII                                             

V. Refine and Validate Process-Based Models                                             

REMOTE SENSING STUDIES                                             

VI. Develop and Validate New Satellite RS Products                                             

VIIa. Collect Airborne RS Data                                             
VIIb. Analyze Airborne RS Data                                             

FIELD STUDIES                                             

VIIIa. Intensive Field Studies                                             
VIIIb. Analysis and Synthesis                                             
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across the key landscape (permafrost, surface hydrology, topography) and disturbance gradients 911 
that regulate ecosystem dynamics, soil carbon, and land-atmosphere feedbacks. 912 

The selection of Primary and Secondary Research Areas will take advantage of previous, 913 
ongoing, and planned studies and monitoring activities that have been or are being funded by 914 
NASA, other U.S. agencies, and a number of international agencies that sponsor research in 915 
HNL regions.  These previous, existing and planned research programs provide a significant 916 
foundation for ABoVE, including those sponsored by federal agencies from Canada, Japan, and 917 
the U.S. (see Appendix A).  Examples of agencies that have or are sponsoring significant 918 
research in the Arctic and Boreal regions of Alaska and western Canada include: from Canada – 919 
the Canadian Forest Service the Natural Sciences and Engineering Research Council of Canada 920 
(NSERC); from Japan – the Japanese Aerospace Exploration Agency (JAXA), the Japan Agency 921 
for Marine-Earth Science and Technology (JAMSTEC) and other agencies sponsoring research 922 
through the International Arctic Research Center (IARC); and from the U.S. – NASA, NOAA, 923 
NSF (including research at the Arctic (Toolik Lake) and Bonanza LTERs as well as through its 924 
Office of Polar Programs), USFS, DOE, and USGS.  In addition, a large number of state, 925 
provincial, and federal land management agencies, and Native organizations in Canada and the 926 
U.S. have developed or are developing geospatial information products or carrying out 927 
monitoring activities that could be used for ABoVE.  928 

Because of the wide range of existing research as well as information databases, three critical 929 
roles for NASA in sponsoring ABoVE include providing resources for: 930 

a. collecting, compiling, and analyzing the satellite and airborne remotely-sensed data and 931 
information products required for ABoVE,  932 

b. coordinating and synthesizing research from multiple research projects, and  933 
c. conducting field- and model-based research to address key scientific questions not being 934 

addressed through research sponsored by other agencies. 935 
Because of a heavy reliance on information products developed from satellite remote sensing 936 
systems, the design for ABoVE does not call for intensive field campaigns of the type used 937 
during BOREAS and where transects were flown between the primary study areas and sites. For 938 
ABoVE, airborne data will provide important, yet supplementary data to satellite remote sensing 939 
data where airborne remote sensing data will be coordinated with ground observations in the 940 
PRAs and SRAs to provide information on key land and atmospheric characteristics and scaling 941 
attributes during the ISP. 942 

3.2   Candidate Study Sites / Regions 943 
ABoVE will conduct research focused on the three major land-cover types common 944 

throughout the Arctic and Boreal regions of the High Northern Latitudes: tundra, boreal forest 945 
and peatlands/wetlands.  The ABoVE Study Region (ASR) roughly covers the Yukon and 946 
McKenzie River Basins and the coastal plains of northern and western Alaska. The ASR 947 
includes most of mainland Alaska, and in northwestern Canada, the Yukon Territory, the western 948 
portion of the Northwest Territories, the northern portion of British Columbia and most of 949 
Alberta, and includes 8 Level II and 16 Level III ecoregions (Figure 2; see Appendix B).  950 
 951 

952 
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Figure 2.  Schematic of relationship of the different spatial scales over which ABoVE research 953 
will take place. The Primary Research Areas (PRAs) will be located along three North-South 954 
Transects. The PRAs for the Western Transect are blue, the PRAs for the Central Transect are 955 
red, and the PRAs for the Eastern Transect are black. 956 

 957 

Pan Arctic-Boreal
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 959 

Research on the processes regulating ecosystem dynamics, soil carbon storage, and land-960 
atmosphere feedbacks will require establishing sites that represent the range in the critical factors 961 
that control these processes, in particular, gradients in soil temperature (permafrost) and ground 962 
moisture and inundation (surface hydrology), as well as variations in the major disturbance 963 
regimes, both natural (fire and insects) and anthropogenic. To capture these gradients and 964 
variations, the field component of ABoVE will take place in PRAs and SRAs located along three 965 
North-South transects. We expect that a PRA will be located in each Level II ecoregion and 966 
either a PRA or SRA in each Level III ecoregion in the ABoVE Study Region (Figure 2). 967 

The Western Transect is located inland of the Bering Sea, starting on the North Slope and 968 
ending on the Yukon-Kuskokwim River Delta. The ISRs along this transect will provide the 969 
opportunity to carry out research in four distinct tundra ecoregions (Level III), the transitions 970 
between several of these ecoregions, and the shrubland transition between coastal tundra and 971 
forested lowlands. The Central Transect again starts on Alaska’s North Slope and crosses interior 972 
Alaska and the foothills of the Alaska Range before ending in the Kenai Peninsula.  This transect 973 
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crosses two tundra and five forest ecoregions, and also crosses three major wetland/peatland 974 
complexes in interior Alaska (the Yukon, Minto, and Tanana Flats). In addition, interior Alaska 975 
upland areas provide opportunities to study sub-alpine and alpine tundra in addition to coastal 976 
tundra found in all three transects. The PRA located on the Kenai Peninsula offers a unique 977 
setting for the study of interactions between disturbances by insects followed by fire. The 978 
Eastern Transect starts in the northern Yukon Territories and ends in central Alberta. This 979 
transect includes 1 tundra and 6 forested ecoregions and several major peatland complexes 980 
located in the southern Northwest Territories, and northern and central Alberta. This transect 981 
offers significant opportunities to study transitions between the major biomes, in particular the 982 
latitudinal transition between tundra and forest at the northern end of the transect, and the 983 
transition associated with the northern most existence of pine forests in the central Yukon 984 
Territory. 985 

The ABoVE PRAs (roughly eleven in number) will range in size from several 1,000 km2 986 
up to 10,000 to 40,000 km2, depending upon a combination of factors. These include the 987 
opportunities to address specific knowledge gaps and the existence of previous or ongoing 988 
research activities and infrastructure.  The experimental design calls for the same set of 989 
measurements, studies, and observations for each Science Theme to be collected or carried out in 990 
a sufficient number of PRAs and/or SRAs to account for the effects of gradients or variations in 991 
forcing processes (e.g., climate, permafrost, surface hydrology, and disturbance). We anticipate 992 
that a number of SRAs (the actual number will be determined based on development of final, 993 
detailed Experiment Plan) will be needed to address specific science questions that are more 994 
localized (e.g., a specific insect outbreak or anthropogenic disturbance) and are not captured 995 
within a PRA. The PRAs and SRAs will provide access to regional landscapes that also include 996 
smaller-scale variations in topography and micro-topography which are important controls on 997 
microclimate and soil drainage in Arctic and Boreal ecosystems, which in turn, provide further 998 
gradients in permafrost, surface hydrology and susceptibility to disturbance that regulate 999 
localized differences in ecosystem dynamics, soil carbon, and land-atmosphere feedbacks. 1000 

Within individual PRAs and SRAs, research will also be carried out in discrete landscape 1001 
units (DLUs) that represent an individual disturbance event, watershed, or wetland/peatland 1002 
complex. The DLUs will provide the opportunity to study complex interactions between 1003 
disturbances and/or variations in vegetation cover, topography, and surface hydrology that occur 1004 
at landscape scales. 1005 

Finally, observations and experiments will be carried out at 1 m to 25 km scales via 1006 
ground observations, including flux towers (including tall towers). The data collected at local 1007 
scales will be used to study specific processes and land surface and atmosphere characteristics. 1008 
The information derived through the analyses of these data will be used to address key 1009 
knowledge gaps and also provide the basis for validation of new information products derived 1010 
from remotely-sensed data. 1011 

3.3   Modeling and Integrative Analyses 1012 
Modeling will provide the basis for answering the three overarching science questions 1013 

and objectives being addressed by ABoVE.  A number of global-, continental-, and regional-1014 
scale models exist for processes associated with the different Science Themes.  To a significant 1015 
extent, however, there have been only limited attempts to link models of the specific processes 1016 
(e.g., disturbance, ground-thermal dynamics, carbon cycling, ecosystem dynamics, land-surface 1017 
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energy exchange) that interact to regulate the responses of Arctic and Boreal ecosystems to 1018 
climate change.  Because of this, a mechanism to address the ABoVE science questions in an 1019 
integrated fashion does not yet exist. 1020 

To address this shortcoming, one of the first activities of ABoVE will be to create a 1021 
Modeling Working Group (MWG) (see Section 4.2 below).  The MWG will identify the need for 1022 
generation of specific information products (including those derived from remotely-sensed data) 1023 
that are needed as model inputs or for model validation. The MWG will also identify areas where 1024 
models do not adequately describe specific processes, and define the research need to address 1025 
these deficiencies, thus defining the requirements for the research carried out during the ABoVE 1026 
ISP. Since the initial membership of the MWG will also be part of the Experiment Planning 1027 
Team, these requirements and knowledge gaps will be used in the generation of the ABoVE 1028 
Experiment Plan. We envision that the membership of the MWG will include researchers funded 1029 
by NASA as well as other agencies, especially those involved with integrated assessment of the 1030 
impacts of climate change in HNL regions. 1031 

In Study Years 3-5, the members of the MWG will develop the initial version of the 1032 
Integrated Modeling Framework (IMF vI) (as part of Research Activity I) to link the various 1033 
process models into an integrated approach that can be used for assessment (Table 2).  We do not 1034 
envision the creation of a single, integrated model that incorporates all the complex interactions 1035 
that occur. Rather, we envision a process where in most instances, outputs from one model are 1036 
used to inform or provide inputs for other models. A key component of the IMF will be to 1037 
develop approaches to propagate uncertainties and provide estimates of accuracy and precision, 1038 
as well as disaggregate the different sources of input and model error.  1039 

Beginning in Study Year 3, Research Activity IV will focus on improving specific 1040 
process based models associated with the different science themes (Table 2). These modeling 1041 
activities will be carried out by interdisciplinary science teams, whose membership may include 1042 
scientists conducting research under Research Activities VI, VII, and VIII (Table 2) during the 1043 
Intensive Study Period  This interdisciplinary approach will allow for the development of 1044 
specific field studies and experiments to address gaps within models, and provide the means for 1045 
developing approaches to utilize information products from new satellite remote sensing systems 1046 
that will be launched during ABoVE or from test-bed data collected by airborne remote sensing 1047 
systems. Finally, it will provide the opportunity to further develop and refine approaches to use 1048 
remote sensing for spatial and temporal extrapolation of limited measurements. The potential 1049 
exists for the interdisciplinary science teams to include researchers funded by NASA and other 1050 
participants in ABoVE. 1051 

The results from the interdisciplinary research carried out during the Intensive Study 1052 
Period will provide the basis for further refinement of the Integrated Modeling Framework as 1053 
part of Research Activity II.  The members of the MWG will use the IMF to assess the impacts 1054 
of climate change on the ABoVE Study Area. This will include refinement of models and model 1055 
components using the new knowledge gained from ABoVE research during Phase II, and 1056 
evaluation and validation of new modeling approaches based upon additional remote sensing 1057 
data products developed during ABoVE. This process will result in IMF vII.  1058 

As part of Phase III, ABoVE will expand its geographic focus to include ongoing 1059 
research from other pan-Arctic/Boreal regions. Research Activity III will carry out a review and 1060 
synthesis of research being conducted in other Arctic and Boreal regions, and determine what 1061 
further modifications need to be made to the IMF. Based upon these syntheses and assessments, 1062 
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during Research Activity IV, further modifications to the IMF will be made in order to account 1063 
for processes that may be different in the region relative to the ABoVE Study Region. For 1064 
example, among other things, it will be necessary to make adjustments to the IMF to account for 1065 
different insects and diseases that are present in other regions as well as different tree and plant 1066 
species that will require modification of dynamic ecosystem models.  These modifications will 1067 
lead to IMF vIII. During Phase III, the MWG will conduct an assessment of the impacts of 1068 
climate warming on the entire pan-Arctic/Boreal region using IMF vIII. 1069 

A final responsibility of the MWG is to insure that all the results from the ABoVE 1070 
sponsored modeling and assessment activities are provided to the ABoVE Information System in 1071 
a timely-fashon. 1072 

3.4   Remote Sensing Observations 1073 
ABoVE will carry out a wide range of activities that involve the use of remotely-sensed 1074 

data collected by spaceborne and airborne platforms. These activities will focus on remotely-1075 
sensed data collected by U.S., Canadian, Japanese, and European platforms and systems.  1076 
ABoVE research will utilize a large number of time-series, land and atmosphere information 1077 
products derived from existing coarse-resolution satellite sensors (AVHRR, MODIS, SPOT 1078 
Vegetation, NSCAT, ASCAT, SSM/I, MOPITT, etc) (see Appendix C). ABoVE will also 1079 
provide the opportunity to evaluate and validate time-series information products that are 1080 
planned for satellite-remote sensing systems scheduled for launch over the next few years 1081 
(NPP/NPOESS-VIIRS, LDCM, OCO-2, GCOM, SMAP, DESDynI, etc.), and to cross calibrate 1082 
similar information products that are being developed from different satellite systems. These 1083 
latter activities are likely to involve collection of airborne remote sensing data to account for 1084 
sub-pixel mixing that occurs in the data collected by coarse-resolution systems or to account for 1085 
diurnal variations in the surface signatures that impact the use of the satellite-data products (e.g., 1086 
surface albedo, temperature). 1087 

Research will also use information products derived from moderate- and fine-resolution 1088 
satellite systems (1 to 50 m pixels). These products are needed for studies of processes that occur 1089 
at finer spatial scales than provided by coarse-resolution systems, that provide more detailed 1090 
information associated with individual events (e.g., disturbance), or provide unique information 1091 
that is not available from coarse-resolution systems (e.g., relatively fine-scale surface moisture 1092 
and inundation, and vegetation structure and biomass estimates available from spaceborne SAR 1093 
systems, including ERS, ENVISAT, Radarsat and PALSAR). Because of orbital considerations, 1094 
these fine and moderate-resolution products will be generated as static maps or from selected 1095 
periods of the growing season. Relatively fine-resolution satellite remote sensing data (e.g., 1096 
IKONOS, Quickbird) will be needed for the study of thermokarst disturbances. Where available, 1097 
ABoVE will exploit suitable land information products generated by land management agencies 1098 
(e.g., the fire products being developed by the Monitoring Trends in Burn Severity Program). 1099 

A third category of satellite-based information products that will be part of ABoVE are 1100 
emerging or new products.  There are a number of land surface characteristics or maps that 1101 
would be of great value to ABoVE, but need additional research to identify appropriate methods 1102 
and data for their generation and validation.  Land surface characteristics falling into this 1103 
category include mapping of insect and disease outbreaks, mapping of fire severity, mapping of 1104 
different categories of peatlands and wetlands, and monitoring of hydrologic conditions (soil 1105 
moisture and levels of inundation) in uplands and lowlands. 1106 
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The final set of remote sensing data that will be used for ABoVE will be collected from 1107 
airborne platforms. Airborne sensors will collect data that provide the opportunity to study 1108 
characteristics of the land surface and atmosphere in ways not available from spaceborne 1109 
systems. In many instances, the airborne remote sensing data will be collected by systems that 1110 
represent testbeds for future spaceborne systems, and provide the opportunity to develop and 1111 
validate algorithms for new information products that will be generated from future NASA 1112 
missions. For example, airborne data collected by UAVSAR, LVIS, and AVIRIS could be 1113 
collected over sites containing forests that are regenerating after disturbances, in order to 1114 
determine the optimal approach for classifying post-disturbance recovery and biomass, areas of 1115 
great importance to HyspIRI and DESDynI.  1116 

In addition, ABoVE provides an opportunity to incorporate airborne data collection from 1117 
two Earth Venture-1 missions recently selected for funding by NASA. The goals for the Carbon 1118 
in Arctic Reservoirs Vulnerability Experiment (CARVE) are focused on quantifying fluxes of 1119 
trace gases from Arctic and Boreal ecosystems and landscapes and understanding the land-1120 
surface processes driving variations in these fluxes. The goals for CARVE  are directly in line 1121 
with ABoVE’s Land-Atmosphere Feedbacks Science Theme, and also begin to address several 1122 
of the research questions being asked in the Permafrost, Surface Hydrology, Disturbance,  1123 
Ecosystem Dynamics, and Soil Carbon Science Themes. Because the CARVE study areas and 1124 
transects are all within Alaska, the data collected and analyses performed as part of CARVE 1125 
would make direct contributions to ABoVE.  In addition, the opportunity would exist to extend 1126 
the CARVE airborne remote sensing data collections during ABoVE to collect additional data. 1127 
The goals for the Airborne Microwave Observatory of Subcanopy and Subsurface (AIRMOSS) 1128 
study also directly relate to the ABoVE goals and research questions, in particular those related 1129 
to Surface Hydrology and Land-Atmosphere Feedbacks Science Themes.  While none of the 1130 
AIRMOSS sites are within the ABoVE Study Region, tower/process/validations sites used for 1131 
ABoVE would provide the basis for additional AIRMOSS flights during the ABoVE Intensive 1132 
Study Period., especially over wetland and peatland sites. 1133 

3.5   Field Observations, Studies, and Experiments  1134 
With respect to field observations, studies, and components, ABoVE will continue and 1135 

expand upon the approaches used in previous field campaigns. Like BOREAS and LBA, ABoVE 1136 
will sponsor a range of field-based activities, including the deployment of a limited number of 1137 
eddy covariance towers and flux chambers. Like LBA, ABoVE will involve field-based research 1138 
sponsored by a number of national and international organizations. The level of ongoing, field-1139 
based research in Arctic and Boreal regions of North America is substantially greater than was 1140 
being carried out at the time the LBA Precise Science Plan was written. In North America, plans 1141 
to continue and in many cases expand, field-based research in Arctic and Boreal ecosystems are 1142 
well underway. 1143 

Ongoing and planned field-based research presents both an opportunity and a challenge 1144 
for ABoVE.  The opportunity for ABoVE lies in the fact that ongoing and planned research 1145 
provide the basis for addressing many of the key process-based questions identified for this 1146 
study.  Without this ongoing and planned research, it would not be feasible to propose the large 1147 
number of PRAs and SRAs that are part of ABoVE.  Simply put, the ongoing and planned 1148 
research in the Arctic and Boreal regions of North America provide the foundation upon which 1149 
ABoVE will be built. 1150 
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The challenges that existing and planned field-based research present to ABoVE include: 1151 
(a) development of a mechanism that provides for meaningful collaboration and cooperation 1152 
between ongoing/planned research and that sponsored by ABoVE; and (b) identifying the 1153 
additional field-based research that needs to be funded through ABoVE.  The Field Studies 1154 
Working Group (FSCG) is included as a key component of the ABoVE Research Strategy/Study 1155 
Design as a means for meeting these challenges (see section 4.2 below) 1156 

ABoVE will include three categories of field observations, studies and experiments: (a) 1157 
surveys of key land surface and sub-surface characteristics, (b) continuous observations and 1158 
monitoring, and (c) manipulative and natural experiments.  In some cases, the data collected for 1159 
the first two categories will also be used for the development and validation of information 1160 
products derived from satellite-remote sensing data.  The data from all categories will be used to 1161 
address key knowledge gaps, test hypotheses, and further develop and validate models. 1162 

Systematic surveys will be needed to collect a wide range of data, including: (a) 1163 
measurements of disturbance severity across the gradients of factors that control severity; (b) 1164 
observations of ecosystem recovery as a function of disturbance severity and time since 1165 
disturbance (tree and plant recruitment and growth, soil carbon stocks, soil moisture and 1166 
temperature, seasonal thaw depths in sites underlain by permafrost, and soil respiration); (c) 1167 
measurements to document how ecosystem characteristics (soil moisture and temperature, active 1168 
layer depth, water table, soil carbon, active layer depth) are controlled by key landscape features; 1169 
(d) measurements of ground ice content in areas with permafrost; (e) measurement of soil 1170 
carbon; and (f) collection and analysis of paleo data (tree rings and lake bottom sediments) that 1171 
can be used to study disturbance history as well as understand how vegetation has changed in 1172 
response to climate variability. 1173 

Some observations will need to be collected on a continuous basis. This will require 1174 
installing and maintaining instrumentation across a number of sites that capture the key factors 1175 
and gradients controlling critical land surface characteristics. Surface characteristics that require 1176 
continuous monitoring include: (a) ground layer temperature as a function of soil depth in areas 1177 
with permafrost; (b) ground moisture as function of soil depth in all landscape and ecosystem 1178 
types; (c) water table depth in lakes, wetlands and peatlands; (d) rates of lateral exchanges of 1179 
water in areas of low relief; and (e) fluxes of CO2, CH4, other trace gases, water, and energy 1180 
between the atmosphere and land surface. 1181 

Finally, manipulative and natural experiments will be designed and implemented to 1182 
provide data to test specific hypotheses on the controls of critical processes in Arctic and Boreal 1183 
ecosystems.  These experiments typically require the collection of continuous data or data at 1184 
annual time scales, but only over a time period necessary to test a specific hypothesis. Natural 1185 
experiments can be used where critical controlling factors vary as a function of a landscape 1186 
feature (e.g., site drainage variations as a function of topography within a watershed). 1187 
Manipulative experiments will be used to control and vary critical ecosystem characteristics 1188 
(e.g., snow depth, organic layer depth, soil moisture, water table depth, soil temperature, etc.). 1189 
Research involving manipulative studies is already ongoing or planned in Alaska as part of 1190 
research being sponsored by NSF and DOE and in Canada by NSERC.  These experiments 1191 
include rainfall and snow fall exclosures, water table manipulations in peatlands, modifications 1192 
to nutrient cycles, and ecosystem and permafrost warming experiments. 1193 

1194 
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3.6   Technical and Logistical Feasibility / Issues  1195 
The research being proposed as part of ABoVE does not involve development or 1196 

deployment of new technologies. While most of the research for ABoVE would be conducted in 1197 
locations where field-based studies have previously been carried out there is the probability that 1198 
some research will be conducted in remote regions located away from road networks requiring 1199 
more complex logistical arrangements. Because much ongoing research in the ABoVE Study 1200 
Area does occur in remote locations, there are a number of issues that need to be considered. 1201 

There will challenges in obtaining the amount of instrumentation (e.g., flux towers and 1202 
chambers, soil temperature and moisture instrumentation) required for ABoVE, and deploying 1203 
and maintaining this instrumentation in remote locations. In many cases, the deployment and 1204 
operation of instrumentation in remote locations will require the use of aircraft and boats. The 1205 
operation of this instrumentation requires development of the infrastructure and logistical 1206 
support needed to provide power, maintain the instrumentation, and retrieve data.  In some cases, 1207 
these requirements could be fulfilled through the employment of residents of Native villages who 1208 
would be able to provide technical support in a timely and cost effective manner. This approach 1209 
would then create the opportunity to establish linkages with an important user community, as 1210 
well as provide educational outreach to this group of users.  1211 

Additional challenges will occur if a number of researchers need to carry out field work 1212 
in remote areas during the intensive study period, especially the systematic surveying of soil 1213 
carbon and soil ice content. Such research will require the provision of travel for researchers and 1214 
arranging for maintaining remote field camps. 1215 

While rental vehicles from commercial vendors are available throughout the ABoVE 1216 
Study Region, in most locations these rental vehicles are not permitted to be used to drive on the 1217 
unpaved roads that provide access to the study sites of interest.  Arrangements will need to be 1218 
made for procurement of vehicles that are suitable for back-road travel for many of the 1219 
researchers conducting field work. 1220 

If research is being carried out on lands owned by Native Corporations or villages, 1221 
permission will have to be granted. Again, involving Native Communities in the planning of 1222 
ABoVE, and the research being carried out by ABoVE would greatly facilitate for the planning 1223 
of research in remote areas. 1224 

Many regions in interior Alaska and northwestern Canada have significant populations of 1225 
black and brown bears.  Deploying researchers in these areas does require that personal safety 1226 
issues be addressed, including the deployment of animal exclosures around field camps and 1227 
instrumentation and carrying of firearms for protection. The carrying of these firearms requires 1228 
training prior to field operations. 1229 

The broad geographic range of the ABoVE Study Region will also present challenges in 1230 
coordination and collection of airborne remote sensing data.  Again, while this is certainly 1231 
feasible, efforts to obtain the necessary permits and authorizations will have to take place to 1232 
enable the collection of airborne data in foreign countries (e.g., flying U.S. aircraft in Canada and 1233 
Canadian aircraft in Alaska).  1234 

1235 
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4. Organization and Management 1236 

The scientific guidance, management and coordination for ABoVE will be provided 1237 
through the use of a hierarchical structure that includes three basic functions: (a) program 1238 
leadership and management, including oversight, planning and coordination (denoted in blue in 1239 
Figure 3), (b) project coordination and logistical support (denoted in red in Figure 3), and (c) 1240 
coordinating, planning, conducting, and synthesis of research (denoted in green in Figure 3). 1241 
This organizational structure provides the means to organize and manage a long-term project that 1242 
will require a significant number of partnerships and collaborations, at both a national and 1243 
international scale, that also involves cross-disciplinary studies. 1244 

4.1   Scientific Leadership 1245 
ABoVE will involve several levels of scientific leadership (Figure 3). At the highest level 1246 

will be a Government Coordination Working Group (GCWG), which is needed because 1247 
participation by funding agencies from three countries (Canada, Japan, and the U.S.) is 1248 
envisioned.  The GCWG will be populated by program managers who are directing and 1249 
managing research programs on climate change in the HNL region and its impacts. It will be 1250 
responsible for providing the guidance to coordinate the research funding that will be necessary 1251 
to carry out ABoVE. 1252 

Figure 3.  Organization of ABoVE Steering, Coordinating, and Working Groups 1253 
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Additional oversight and guidance for ABoVE will be provided by an international 1256 
Science Steering Group (SSG). This group will consist of scientists with expertise in each of the 1257 
different ABoVE science themes. This group will be headed by three co-chairs, one from each 1258 
country whose agencies will sponsor the research that is part of ABoVE. The SSG will provide 1259 
guidance to the GCWG, as well as to the Project Office for conveyance to the various 1260 
coordinating and working groups that will be part of ABoVE. The SSG will be responsible for 1261 
developing the detailed ABoVE Experiment Plan based on the programmatic constraints defined 1262 
by the GCWG. 1263 

4.2 Project Organization 1264 
Activities for ABoVE will be coordinated and directed by a Project Office sponsored by 1265 

NASA’s Terrestrial Ecology Program (Figure 3).  In addition to a Project Manager and an 1266 
appropriate level of staffing, the Project Office will include a Project Scientist. The Project 1267 
Office will be responsible for: (a) providing oversight and coordination of ABoVE research 1268 
activities being sponsored by NASA’s Terrestrial Ecology Program and other NASA program 1269 
offices; and (b) coordinating and providing logistical support for NASA-sponsored field research 1270 
and airborne remote sensing campaigns; (c) providing logistical support to all the ABoVE 1271 
working and coordinating groups, including support of meetings and workshops; and (d) 1272 
development and maintaining of the ABoVE Information System. 1273 

An annual ABoVE Science Team meeting will provide the opportunity to coordinate the 1274 
various activities that are part of this project and to report the results from ABoVE research 1275 
across all Science Themes.  Individual working groups will be established for each Science 1276 
Theme (Figure 3). The membership of these working groups will include the principal 1277 
investigators and researchers sponsored by NASA as well as scientists funded by other 1278 
organizations who have agreed to participate in ABoVE. Each working group will have a chair 1279 
or co-chairs and be responsible for the planning and coordination of all research activities for a 1280 
specific Science Theme. The members of each working group will also nominate participants for 1281 
the Remote Sensing and Field Studies Coordinating Groups and Modeling Working Group in 1282 
areas where interdisciplinary research is being planned and carried out. The science working 1283 
groups will be responsible for synthesizing the results of the ABoVE research and conveying 1284 
those results that address key knowledge gaps to the Modeling Working Group. Each science 1285 
working group will hold meetings as needed that occur separately from the annual ABoVE 1286 
Science Team meeting. 1287 

As discussed previously in Section 3, a Model Working Group will be formed during 1288 
Phase I of ABoVE. This working group will provide the basis for integrating and synthesizing 1289 
results across all science themes. It is expected that the members of this working group will also 1290 
be members of other working groups: therefore they will provide the mechanism for 1291 
coordinating activities between the science working groups and the Modeling Working Group.  1292 
The MWG will initially consist of the principal and co-investigators of funded Research Activity 1293 
I in Table 2, as well as researchers and managers from collaborating groups who are carrying out 1294 
integrated assessments of the impacts of climate change in HNL regions.  As ABoVE progresses, 1295 
new members will be added to the MWG as other research activities are funded and other 1296 
collaborators who are carrying out modeling activities are identified. The MWG will provide the 1297 
basis for: (a) coordinating with participating land management agencies who are developing 1298 
approaches to carry out impact assessments, (b) coordinating ABoVE modeling activities with 1299 
those being carried out for other programs, such as the North American Carbon Program 1300 
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(NACP) and the Carbon North America (CarboNA), (c) creating an Integrated Modeling 1301 
Framework (IMF) that utilizes remotely-sensed observations of key surface characteristics to 1302 
allow for assessments of the impacts of climate warming on HNL biomes.  1303 

From a planning and logistics standpoint, it will be necessary to coordinate a number of 1304 
the activities associated with the Intensive Study Period of Phase II and the synthesis and 1305 
assessment Phase III activities. These include the collection and processing of remote sensing 1306 
data, the collection, analysis and documentation of field data, and the retrieval of information 1307 
needed to carry out research for ABoVE as well as archiving data products within the ABoVE 1308 
Information System (AIS). Each of these activities will be carried out by a separate coordinating 1309 
group. 1310 

The Remote Sensing Coordinating Group (RSCG) will focus on coordinating the 1311 
airborne and spaceborne remote sensing data products that will either be generated or used by the 1312 
different working groups, including the MWG.  The RSCG will work with the Project Office to 1313 
coordinate plans for the collection of airborne remote sensing data, focusing on making sure that 1314 
all user requirements are met during data collection campaigns.  They will coordinate satellite 1315 
remote sensing data collections and take steps to identify what new remote sensing products need 1316 
to be generated to support ABoVE.  The RSCG will coordinate activities with those being 1317 
conducted as part of Instrument Science team research sponsored by NASA, JAXA, and CCRS. 1318 
They will work with the ABoVE Information System Coordinating Group to insure that all 1319 
remote sensing data sets and information products are available within the AIS.  1320 

As part of the planning efforts during Phase I, the Experiment Planning Team will help 1321 
identify the remote sensing information products that will be needed for the IMF vI. One of the 1322 
tasks for Research Activity I will be the compilation and generation of these products. 1323 
Coordination provided by the RSWG will eliminate redundancy which occurs when different 1324 
groups may require the same product or when the same or similar products are being generated 1325 
by different organizations. 1326 

The Field Studies Coordinating Group (FSCG) will be responsible for reviewing field-1327 
based research activities that are part of ABoVE, and identifying opportunities for coordination 1328 
and integration of this field research (see Section 4.3 below). The FSCG will identify previous, 1329 
ongoing, and planned research that is being sponsored by other agencies. The FSCG can take 1330 
advantage of NSF’s Research Coordination Networks (RCNs). For example, two RCNs are 1331 
directly related to the soil carbon science theme – the PEATNET RCN and the Vulnerability of 1332 
Permafrost Carbon RCN. 1333 

The ABoVE Information System Coordinating Group will provide oversight on activities 1334 
related to the system needed for archiving and retrieval of data and information products (see 1335 
Section 4.4 below). 1336 

4.3   Field Operations 1337 
The field studies being conducted as part of ABoVE will be quite distributed in nature, 1338 

and involve research being sponsored by a number of different U.S. and international agencies. 1339 
Because the criteria for selection of Primary Study Areas is the presence of ongoing or planned 1340 
research, field research activities sponsored directly by ABoVE will be coordinated with these 1341 
activities to be able to take advantage of research support infrastructure that already exists. 1342 

The Field Studies Coordinating Group (FSCG) will be responsible for planning the 1343 
integration of ABoVE-sponsored field research with other ongoing research activities. The initial 1344 
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members of the FSCG will be part of the ABoVE Science Steering Group, and will include 1345 
researchers who have carried out research across the ABoVE study region. As part of the ASSG, 1346 
the FSCG will review ongoing and planned studies, help develop the detailed ABoVE Science 1347 
Plan, and based on this review, identify field research that will be sponsored by NASA. This 1348 
information can then be used by the ABoVE Project Office to develop logistical support 1349 
planning for ABoVE, both in terms of procuring, installing, and maintaining equipment, but also 1350 
for assisting in coordination of field research. 1351 

Once ABoVE-sponsored research is initiated, the FSCG will consist of all researchers 1352 
sponsored by NASA who are conducting field-based research, as well as researchers sponsored 1353 
by other agencies who have agreed to participate in ABoVE. At this time, the FSCG will meet on 1354 
an annual basis to: (a) further plan and coordinate field activities; and (b) review in synthesize 1355 
the results from field activities. These synthesis activities will occur at a variety of spatial scales, 1356 
including synthesis of research collected at plot, event, within and across primary/secondary 1357 
study areas, and within and across ecoregions. 1358 

A final responsibility of the FSCG is to insure that all data and information products 1359 
generated from field-based research and monitoring sponsored by ABoVE are provided to and 1360 
thus available from the ABoVE Information System in a timely-fashion. In addition, the FSCG 1361 
will also be responsible for making sure that data sets required for ABoVE that are generated and 1362 
archived by other research projects have appropriate linkages within the ABoVE Information 1363 
System so that these data can be obtained. 1364 

4.4   Data Management and Sharing 1365 
Following previous NASA Terrestrial Ecology field campaigns, the development of an 1366 

information system will be a key component of ABoVE.  However, as with the other 1367 
components of this experiment plan, we envision that the ABoVE Information System (AIS) will 1368 
represent an advancement from previous information systems. 1369 

The AIS will serve multiple roles. It will serve as the primary archive for the data 1370 
collected, and information products, modeling outputs and research findings produced during 1371 
ABoVE.  The AIS will provide a gateway to other information systems and archives containing 1372 
data and information products that will be used by ABoVE.  These archives will include relevant 1373 
satellite data product archives developed by and for NASA and other space agencies, land-1374 
management agency archives that contain information products derived from satellite-data and 1375 
archives with field-observations and/or other geospatial data sets, and data archives developed by 1376 
long-term research and observing projects, including major research initiatives such as the 1377 
NACP and CarboNA. 1378 

An increasingly important role that NASA and other state, provincial, and federal 1379 
agencies have assumed is the development and implementation of decision support systems. 1380 
These systems are being designed to incorporate the results from research within a modeling 1381 
framework in order to provide information to policy makers, land managers, and others who 1382 
require information in a specific area. The AIS will not only provide the opportunity for NASA 1383 
to conduct further research on the use of satellite-information products to support decision 1384 
making, but also provide a critical interface for ABoVE researchers to interact at a variety of 1385 
levels with scientists and managers in agencies who are responsible for assessing the impacts of 1386 
climate change in HNL regions.  The Integrated Modeling Framework will provide a unique 1387 
decision-support tool for decision makers to use the results from ABoVE. 1388 
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An ABoVE Information System Coordinating Group (AISCG) will be formed to provide the 1389 
guidance needed to develop the AIS. The AISCG will include representatives from each of the 1390 
other working and coordinating groups from national space agencies where satellite information 1391 
products will be used during ABoVE, and from agencies and projects who are likely to use the 1392 
results from ABoVE for decision support. 1393 

4.5 Timetable 1394 
Assuming the Scoping Study selection is made in the spring of 2011, initial planning 1395 

would commence in the summer of 2011 and continue for 2 years (Table 2). The planning phase 1396 
would include: (1) a detailed review of ongoing planned research activities within the AboVE 1397 
Study region and identification of partners (both domestic and foreign); (2) development of the 1398 
conceptual design for the integrated modeling framework; and (3) identification of the 1399 
information requirements for the integrated framework. Based on the results of these activities, a 1400 
detailed experiment plan will be generated. The initial call for proposals that would be funded by 1401 
NASA would be included in ROSES 2012, which allows for review and selecting the initial set 1402 
of projects early in FY13, and starting these projects in the second half of FY13.  The activities 1403 
starting in FY13 would focus on modeling. The field studies and analyses, airborne remote 1404 
sensing, and development and validation of new satellite remote sensing information products 1405 
would start in FY14, and continue through the beginning of FY19. The final three years of the 1406 
project would focus on conducting a Pan Arctic/Boreal assessment, ending in FY21. 1407 

 1408 
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5. Required Resources 1410 

5.1   Field Infrastructure  1411 
A great deal of infrastructure exists within ongoing and planned research (see Appendix 1412 

A).  For ABoVE, there will be a need for the deployment and operation of additional field 1413 
instrumentation, including: (a) meteorological stations for the collection of basic weather 1414 
information across each ISR and for the tower/process/validation sites; (b) eddy covariance 1415 
towers (~6 permanent and 4 portable); (c) CO2 and CH4 flux chambers for ground layer 1416 
emissions in tundra, peatland, and wetlands for soil carbon land-atmosphere feedback studies, 1417 
with the ability to collect isotope data; (d) Dielectric or similar instrumentation to collect soil 1418 
moisture data, along with temperature probes in permafrost, peatland/wetland sites, and all sites 1419 
where soil flux measurements are being collected; and (e) water level in selected peatland and 1420 
wetland sites. 1421 

There will be a need to deploy scientists and instruments in remote areas. As noted in 1422 
Section 3, the location of the PRAs should take advantage of ongoing research because in many 1423 
cases ongoing research has already developed considerable support infrastructure, and 1424 
arrangements could be made to coordinate this research with ABoVE, and for researchers 1425 
sponsored by ABoVE to use or add to existing infrastructure.  In some cases, ABoVE will have 1426 
to mount short (2 to 4 week long) remote field campaigns that require transportation either by 1427 
riverboat or aircraft to gain access to sites needed to address critical knowledge gaps. 1428 

We expect that ABoVE will have to coordinate the installation and maintenance of field 1429 
instrumentation.  These maintenance activities would most likely be coordinated with the 1430 
researchers at established sites (e.g., the Arctic (Toolik Lake) and Bonanza Creek LTER sites), 1431 
with researchers at local universities (e.g., the University of Alaska – Fairbanks, the University 1432 
of Alberta through its Meanook Biological Research Station, and the Yukon College in 1433 
Whitehorse), or with collaborators located in Native communities. 1434 

5.2   Suborbital Platforms and Sensors 1435 
ABoVE will utilize a wide range of airborne platforms and remote sensing systems, many 1436 

of which are summarized in Table C1 in Appendix C. ABoVE will take advantage of the 1437 
CARVE Earth Venture-1 mission (2011 to 2015), and it is logical to plan for additional 1438 
measurements by this mission’s airborne platform to be collected beyond the 5 years planned for 1439 
this study.  In addition, the AirMOSS Earth Venture-1 mission airborne system would also 1440 
provide valuable data on surface soil moisture in the tundra, wetland, and peatland ecosystems 1441 
being studied by ABoVE; therefore, it is also a likely sensor for use in ABoVE. Other airborne 1442 
instrumentation that would likely receive extensive use during ABoVE include: airborne lidars 1443 
for monitoring thermokarst; airborne lidar, SAR, and hyperspectral remote sensors for 1444 
monitoring the impacts of disturbance and recovery from disturbances; and airborne 1445 
hyperspectral data for mapping of peatlands and wetlands. 1446 

5.3   Satellite Data Availability, Access, and/or Purchase 1447 
 The wide range of satellite remote sensing systems that would provide data for use in 1448 
ABoVE are summarized in Table C2 in Appendix C. While data from most of the U.S. systems 1449 
and many of the foreign satellites would be available at no cost to ABoVE researchers, some 1450 
data would have to be purchased or arrangements made. Purchases would have to be made of 1451 
fine resolution commercial satellite data such as from IKONOS and Quickbird.  Arrangements 1452 
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would have to be made to obtain or purchase Canadian Space Agency and European Space 1453 
Agency sensor data (e.g., ASCAT, Radarsat).  Arrangements would also have to be made with 1454 
JAXA to gain access to data from Japanese satellite remotes sensing systems (e.g., PALSAR, 1455 
GCOM, GOSAT, etc.). 1456 

5.4  International and Other Agreements 1457 
We anticipate that research for ABoVE will conducted by researchers from Canada, Japan, 1458 

and the U.S. It will most likely be necessary and desirable for NASA to enter into some sort of 1459 
arrangement with the appropriate funding agencies in these countries to formalize the 1460 
sponsorship of ABoVE. 1461 

The research for ABoVE will be carried out on lands managed by agencies at variety of 1462 
governmental levels (state, provincial, territorial and national), where each agency has its own 1463 
rules and regulations regarding the conducting of research. In addition, Native lands in Alaska 1464 
are managed by Native Corporations. In many instances, permission will have to be granted from 1465 
the appropriate managing organization to carry out specific research activities. 1466 

5.5 Training and Education 1467 
 ABoVE will provide a wide range of opportunities for education and training.  The 1468 
research grants provided through NASA typically fund graduate as well as undergraduate 1469 
students and post-docs, and we expect this tradition to continue during ABoVE. Funding for five 1470 
post-docs independent of PI-funded projects has been identified for ABoVE (see section 5.6). 1471 
There will be opportunities for graduate students to develop their own independent (from their 1472 
advisor’s projects) research through NASA’s Earth and Space Science Fellowship land. Further 1473 
involvement of undergraduate students is likely to occur via collaborations with the numerous 1474 
projects funded by NSF through their LTER and Polar Programs. NSF funds research through 1475 
their Research Experience for Undergraduates (REU) program, and we expect that this program 1476 
will continue to provide support during ABoVE. For the past 6 years, the University of Alaska 1477 
has developed an active outreach program to K-12 educatrs through the GLOBE program, and 1478 
has had a variety of K-12 educational outreach projects funded by NSF. These projects provide 1479 
the foundation for coordination of K-12 education during ABoVE via activities sponsored by 1480 
NASA’s Office of Education. 1481 
 A unique opportunity for ABoVE will be interactions with the Native People’s 1482 
communities located in both Canada and Alaska. The opportunity exists to directly involve the 1483 
members of these communities in several ways. First, Native peoples have significant and vast 1484 
experiences based on living in Arctic and Boreal regions, and in many instances, are becoming 1485 
actively involved in documenting changes that are occurring to the environment, ecosystems, and 1486 
wildlife in the HNL regions. Thus, efforts should be made to engage this community in ABoVE.  1487 
Second, residents of Native communities are likely candidates to aid in the collection of data in 1488 
remote regions, as well as monitoring and maintaining instrumentation deployed in remote 1489 
regions.  There is already a significant degree of involvement of Native people in environmental 1490 
monitoring in the ABoVE Study Region. For example, the Yukon River Inter-Tribal Watershed 1491 
Council has established a program to monitor water quality and active layer thickness throughout 1492 
the Yukon River Basin that involves training local technicians on the protocols for scientific data 1493 
collection.  Thus, ABoVE offers the opportunity for further scientific training within Native 1494 
communities. And third, Native peoples have first-hand experience and a keen interest in how 1495 
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climate change is impacting their environment.  Outreach activities specifically designed to 1496 
inform Native People communities of the results of ABoVE should be developed. 1497 

5.6  Cost Estimates 1498 
 A budget on the order of $123 million (M) (FY 2011 dollars) is proposed to support 1499 
ABoVE (Table 3). This budget would cover activities between FY2012 and FY 2021. The key 1500 
elements of this budget would support the following activities: 1501 

The Project Management category in Table 3 includes support for experiment planning 1502 
during Phase I (Table 2).  In addition to the Project Scientist and Project Manager, there would 1503 
need to provided funding through the project office to support a group of scientists 1504 
(approximately 12) who would be intensively engaged in experiment  planning. The Project 1505 
Office would directly hire individuals to serve as coordinators for the various the Modeling 1506 
Working Group, the three Coordinating Groups (Remote Sensing, Field Studies, and ABoVE 1507 
Information System).  Additional support would be required to maintain the ABoVE Information 1508 
System, to provide administrative and grant support, and to maintain a project website. Finally, 1509 
support would be provided to organize and conduct annual meetings for ABoVE as well 1510 
meetings of the Government Coordination Working Group and the Science Steering Group. 1511 

The Logistics category in Table 3 includes costs for the Intensive Study Period that 1512 
would funded through the Project Office, but would directly support research by individual PIs 1513 
or groups of PIs. The costs in this category would support purchase, installation, and 1514 
maintenance of equipment required to obtain key observations, deployment and operation of 1515 
airborne remote sensors, direct purchase of satellite data, and for logistical support for research 1516 
being conducted in remote sites. 1517 

The Science Support category in Table 3 represents funds that would support peer-1518 
reviewed research being conducted by individuals or small groups.  The cost estimates are based 1519 
on the funding of 88 different projects that would be carried out over three-year periods (Table 1520 
2).  Nearly two-thirds of these would be multi-investigator, integrated science projects that 1521 
would address Research Activities V-VIII in Table 3. Support would also be provided to an 1522 
average of five post doctoral researchers each year beginning in year 3. These post docs would 1523 
work with the various working and coordinating groups, and focus on carrying out syntheses 1524 
across multiple projects. 1525 

While the total budget for ABoVE is projected at $123 M, we expect that at least one-1526 
fifth of these costs will be covered by other agencies (both national and international) who will 1527 
participate in ABoVE, reducing the costs to NASA to under $100 M.  While some of these other 1528 
costs are in the Logistics category, most are in the Science Support category. We project that 1529 
some of the costs associated with the Integrated Modeling Framework will be jointly-funded by 1530 
agencies who are conducting integrated assessments on the impacts of climate change in HNL 1531 
regions. The basis for the estimate of $20 M in shared costs in for interdisciplinary science is the 1532 
existence of a number of study sites and study areas located across the ABoVE Study Region 1533 
where long-term research on climate change and its impacts have taken place, and where studies 1534 
are being planned that will take place over the next decade.  These sites/areas include the 1535 
Bonanza Creek and Arctic (Toolik Lake) (LTER) sites, research on coastal tundra in Barrow and 1536 
the Seward Peninsula, and hydrological studies at the Caribou-Poker Creek and Kuparik River 1537 
watersheds.  1538 
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The Bonanza Creek LTER project provides an example of the large-scale research that is 1539 
ongoing in the ABoVE Study Region. Over the past six years, this project has been funded at 1540 
~$1 million per year, and will receive a similar level of funding during its next phase (2011 to 1541 
2016). A survey of LTER affiliated researchers was recently carried to identify other funded 1542 
research that was related to BCLTER research themes.  This survey found that during the current 1543 
BCLTER funding cycle (2005 to 2010), 27 BCLTER investigators were the PIs to 99 additional 1544 
research projects that averaged $6.1 million in funding per year.  This included funding of $4.3 1545 
M per year from NSF, $0.6 M per year from NASA, $0.5 M per year from DOI (including 1546 
USGS, FWS, and NPS), $0.4 M per year from USDA (including the USFS and the Joint Fire 1547 
Science Program),  and $0.1 M per year from other federal agencies.   1548 

Based on this level of funding and the growing realization of researchers on the value of 1549 
using remotely-sensed data to address key knowledge gaps and as the basis for monitoring and 1550 
modeling key processes, we feel that there will be a strong ground-swell within the Arctic and 1551 
Boreal research communities to participate in ABoVE.  There are a number of research projects 1552 
affiliated with both the Bonanza Creek and Arctic LTERs that involve research using satellite 1553 
remote sensing data, and in many cases, parts of these projects have been funded by NASA. The 1554 
PIs for both of these LTERs are actively seeking collaboration with NASA sponsored 1555 
researchers or those from other agencies who have strong remote sensing backgrounds. The PIs 1556 
for both Alaskan LTERs have endorsed the basic premise behind ABoVE, e.g., the conducting of 1557 
collaborative research that is funded by multiple agencies. 1558 

Table 3.  Estimated Costs for ABoVE (these costs cover 10 years, are in millions of dollars and 1559 
assume no inflation). 1560 

 NASA Other Agencies Total 

Project Management 21.0  21.0 
Experiment planning 1.3  1.3 
Project Scientist/Manager 4.5  4.5 
Project Office Support Personnel 12.1  12.1 
Meetings logistics 3.1  3.1 

 
Logistics 21.6 2.0 23.6 
Instrumentation purchases 5.0 1.0 6.0 
Instrumanent installation/maintenance 1.8 0.5 2.3 
Airborne Remote Sensing 12.0  12.0 
Satellite data purchase 0.8  0.8 
Field logisitc - remote sites 2.0 0.5 2.5 

 
Science Support 54.4 24.0 78.4 
Project Post Docs 5.0  5.0 
Integrated Modeling Framework (RAs I, II, IV) 12.3 4.0 16.3 
Pan Arctic-Boreal Synthesis (RA III) 1.8  1.8 
Interdisciplinary Science (RAs V to VIII) 35.3 20.0 55.3 

 
Total Costs 97.0 26.0 123.00 

1561 
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6. Summary of Broad Research Community Involvement and Interests 1562 

Since the spring of 2009, discussions have taken place with researchers and land 1563 
managers on the proposed field campaign and research and modeling activities that would be 1564 
organized and coordinated as part of ABoVE.  These discussions took place at the August 2009 1565 
workshop on ABoVE that was held at the University of Alaska – Fairbanks, during presentations 1566 
that were made at scientific meetings, and at presentations that were organized to discuss 1567 
ABoVE with land management agencies.  The participants in the August 2009 workshop are 1568 
summarized in Appendix D.  These discussions provided evidence that ABoVE would receive 1569 
strong support from a broad segment of the scientific and land management communities in the 1570 
U.S., Canada, and Japan. The draft of the ABoVE Science Plan was reviewed by over 100 1571 
scientists, managers, and others who have interests in High Northern Latitude ecosystems and 1572 
landscapes (see Appendix E), with the vast majority supporting the need for the research and 1573 
monitoring activities that would be carried out as part of ABoVE. 1574 

While ABoVE will be sponsored by NASA’s Terrestrial Ecology Program, the scientific 1575 
questions and issues being addressed will be of interest to a number of other program areas 1576 
within NASA, and provide the opportunity for collaborations with these programs. These include 1577 
the Hydrological Sciences Program, the Biodiversity and Ecological Forecasting Program, the 1578 
Biological Oceanography Program (in terms of linking the impacts of land processes on coastal 1579 
oceans), the Land Use/Land Cover Change Program, and the Applications Program. In addition, 1580 
the research being conducted as part of ABoVE provides an opportunity for collaboration with 1581 
NASA researchers who are part of mission and instrument teams such as SMAP and OCO-2.  1582 

ABoVE will utilize satellite remote sensing data and information products not only from 1583 
systems deployed by NASA and NOAA, but from systems deployed by the space agencies of 1584 
Canada, Japan, and the European Union. Researchers in Canada and Japan are heavily involved 1585 
in research directed towards developing information products derived from satellite data for 1586 
monitoring boreal and arctic regions, and are therefore likely participants in ABoVE.  Japan, in 1587 
particular, has made significant investments in research in HNL regions via support of activities 1588 
at the International Arctic Research Center (IARC) at the University of Alaska – Fairbanks. With 1589 
the launching of new remote sensing systems scheduled throughout the 2000s, the Japan 1590 
Aerospace Exploration Agency (JAXA) is likely to have a strong interest in participating in 1591 
ABoVE.  1592 

Within the U.S., NSF and DOE have sponsored long-term research projects on the North 1593 
Slope and in interior Alaska. The results from these projects can be viewed as long-term 1594 
observatories that can be used to assess the impacts of climate change. In addition, NOAA has 1595 
maintained a continuous record of atmospheric greenhouse gas concentrations from data 1596 
collected at Barrow, Alaska and has interest in research that can identify the terrestrial controls 1597 
these gasses. Over the longer-term, NSF’s Polar Program and NOAA have sponsored PI-based 1598 
research on terrestrial processes and are likely to continue to do so over the next decade. Finally, 1599 
through its Carbon Cycle Science and Terrestrial Ecosystems Programs, NASA has funded an 1600 
increasing number of investigators to carry out research in the ABoVE Study Area, and this 1601 
research is likely to expand with the launch of SMAP, which has a strong HNL focus. 1602 

Researchers and land managers within a number of U.S. federal agencies are likely to 1603 
participate or contribute significantly to ABoVE.  Critical databases to be used during ABoVE 1604 
would be provided from monitoring activities conducted by these agencies, in particular 1605 
monitoring and mapping of fire and insect outbreaks. Scientists in land management agencies 1606 
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who are conducting research on the impacts of climate change on ecosystems would have a 1607 
strong interest in participating in ABoVE. For example, the USGS recently initiated a multi-year 1608 
study of the impacts of climate change on surface hydrology in the Yukon River Basin. Several 1609 
other federal agencies (DOI, FWS) and the State of Alaska have initiated efforts to develop the 1610 
integrated modeling frameworks needed to understand the impacts of climate change on boreal 1611 
and arctic ecosystems, and managers responsible for managing these efforts have expressed a 1612 
strong interest in participating in ABoVE 1613 

In addition to sponsoring research on developing remote sensing information products 1614 
through JAXA, other Japanese agencies are funding field-based research in Alaska through 1615 
IARC, and future research would be logically included in ABoVE. A number of federal and 1616 
provincial agencies in Canada are sponsoring activities that would provide collaboration 1617 
opportunities for ABoVE. At the federal level, a significant amount of research funded through 1618 
the National Sciences and Engineering Research Council of Canada (NSERC) would provide an 1619 
opportunity for collaborative research with ABoVE.  The Canadian Forest Service (CFS) 1620 
sponsors research in its different laboratories that is focused on the impacts of disturbance and 1621 
climate change on forests, addressing the same questions that have been identified by ABoVE. 1622 
At the provincial and territorial levels, land management agencies are responsible for compiling 1623 
data on the locations and impacts of disturbance, and are responsible for developing and 1624 
implementing policies addressing the impacts of disturbances and climate change. These 1625 
mandates provide strong incentives for participating at some level in the ABoVE. 1626 

Finally, Native communities are common to the HNL regions of Alaska and Canada. 1627 
These communities rely to a large extent on subsistence practices where a wide range of goods 1628 
and services are derived from hunting and harvesting. These Native communities have a vested 1629 
interest in understanding how climate change has and will impact the natural resources upon 1630 
which they depend. The people of these communities also represent a knowledge base in terms 1631 
of observations of changes to the landscape and ecosystems that would prove beneficial to 1632 
ABoVE and in some cases, they are becoming directly involved in long-term monitoring efforts. 1633 
Finally, they will be keenly interested in the outcomes of ABoVE, in particular those that can 1634 
help project changes to the ecosystem services they rely on. For all these reasons, Native 1635 
communities represent a likely participant in ABoVE. 1636 

1637 
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7. Issues to be Resolved 1638 

There are a number of issues that would have to be resolved prior to proceeding with 1639 
ABoVE. First, discussions will have to be held with the appropriate representatives of Canadian 1640 
and Japanese research agencies to develop agreements for the scope of ABoVE, determine the 1641 
level of support that would be provided to ABoVE (both directly and indirectly), and establish 1642 
the programmatic and scientific oversight structures for ABoVE.  Second, discussions will have 1643 
to be held at the inter-agency level of the federal government (U.S.) to determine how ABoVE 1644 
fits within the overall framework of the U.S. Climate Change Research Program. These 1645 
discussions should focus on how ABoVE compliments or intersects with other major initiatives 1646 
(such as NACP and CarboNA) that will provide the basis for discussions with specific federal 1647 
research and land management agencies who are funding monitoring, research, and climate 1648 
impact assessment programs focused on HNL regions, as well as discussions internal to NASA 1649 
to assess the participation from different program areas in ABoVE.  1650 

Meetings should be held with representatives of the Canadian and Japanese space 1651 
agencies to determine the level of interest in supporting research for the development of new 1652 
products or the generation of products from satellite remote sensing data that would be used 1653 
during ABoVE. These discussions should not only focus on existing satellite remote sensing 1654 
systems, but those that will be launched during the 2010s. In addition, these discussions should 1655 
determine the availability and planned use for airborne remote sensing systems during ABoVE. 1656 

Finally, a detailed review of planned field-based research needs to be conducted to 1657 
provide the basis for determining the level of observation and monitoring activities that will have 1658 
to be supported directly by NASA. 1659 
 1660 
 1661 

1662 
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List of Acronyms 1663 

 1664 
Acronym Meaning 
AAFC    Agriculture and Agri-Food Canada   
ABoVE    Arctic Boreal Vulnerability Experiment   
AIS    ABoVE Information System   
AISCG    ABoVE Information System Coordinating Group   
ASR    ABoVE Study Region   
ASSG    ABoVE Science Steering Group   
AVHRR    Advanced Very High Resolution Radiometer   
BOREAS    Boreal Ecosystem-Atmosphere Study   
CarboNA    Carbon North America   
CCRS Canadian Center for Remote Sensing 
CERES    Clouds and the Earth's Radiant Energy System  
CFS    Canadian Forest Service   
CSA Canadian Space Agency 
DOE    Department of Energy   
DOI    Department of the Interior   
FIFE    First ISLSCP (International Satellite Land Surface Climatology Project) 

Field Experiment  
FSWG    Field Studies Working Group   
FWS    US Fish and Wildlife   
GAC    Global Area Coverage   
GCOM    Global Change Observation Mission   
GCWG    Government Coordination Working Group   
HNL    High Northern Latitude        
IARC    International Arctic Researh Center   
IMF    Integrate Modeling Framework   
JAXA    Japan Aerospace Exploration Agency   
LAC    Local Area Coverage   
Landsat TM    Landsat Thematic Mapper   
Landsat ETM    Landsat Enhanced Thematic Mapper   
LBA    Large Scale Biosphere Atmosphere   
LDCM    Landsat Data Continuity Mission   
LTER    Long Term Ecological Research   
LU    Landscape units    
MISR    Multiangle Imaging SpectroRadiometer   
MODIS    Moderate Resolution Imaging Spectroradiometer   
MOPITT    Measurements Of Pollution In The Troposphere   
MWG    Modeling Working Group   
NACP    North America Carbon Program   
NEP    Net Ecosystem Productivity   
NOAA    National Oceanic and Atmospheric Administration   
NPOESS    National Polar-orbiting Operational Environmental Satellite System  
NPP    Net Primary Productivity   
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NSCAT    NASA Scatterometer    
NSERC    Natural Sciences and Engineering Research Council of Canada  
NSF    National Science Foundation   
OCO    Orbiting Carbon Observatory   
PALSAR    Phased Array type L-band Synthetic Aperture Radar  
PRA    Primary Research Area   
RSWG    Remote Sensing Working Group   
SAR    Synthetic-aperture radar   
SMAP    Soil Moisture Active and Passive   
SPOT    Systeme Pour l'Observation de la Terre  
SRA    Secondary Research Area   
SSG    Science Steering Group   
SSM/I    Special Sensor Microwave/Imager   
TE    Terrestrial Ecology    
USDA    US Department of Agriculture   
USFS    United States Forest Service   
USGS    US Geological Survey   
VIIRS    Visible/Infrared Imager/Radiometer Suite   
 1665 
 1666 

1667 
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Appendix A – Planned and ongoing research and monitoring activities in northwestern 1668 
North America that would contribute to AboVE 1669 

Project/Program Sponsor Years 
Bonanza Creek LTER NSF/USFS 1987-2016 
Arctic LTER (Toolik Lake NSF 1987?-2016 
Yukon River Basin Project USGS 2009 – 2015?? 
Permafrost Warming Study Dept of Energy 2012-???? 
Land Conservation Cooperative Program US FWS 2010-???? 
Alaska Climate Science Center Dept of Interior 2010-???? 
Venture Missions – CARVE and AIRMOSS NASA 2010-2014 
NEON – 3 Alaskan Sites NSF 2011-???? 
NSF Polar Programs NSF 2010-???? 
Alaska Peatland Experiment NSF 2005-2011 
Delta Alaska Fire Chronosequence Study NASA, NSF, USGS 1996-????? 
Kuparik River Watershed Study (UAF Water 
Resources Institute) 

NSF, Others 199? - ???? 

Barrow Tundra Studies NSF, DOE 1982-???? 
North Slope Science Iniative DOI 199?-???? 
   
   
   
   
   
   
 1670 

1671 
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Appendix B – Summary of Level II and III Ecoregions within the different transects that will be used during AboVE 1673 
 1674 
Transect West Central East 
Level II Ecoregions 2.2 Alaska Tundra 

3.1 Alaska Boreal Interior  
2.2 Alaska Tundra 
2.3 Brooks Range Tundra 
3.1 Alaska Boreal Interior 
6.1 Boreal Cordillera 
7.1 Maritime West Coast Forest 

2.4  Southern Arctic 
3.2 Taiga Cordillera 
3.3 Taiga Plain 
5.4 Boreal Plain 

Level III Ecoregions 2.2.1 Arctic Coastal Plain 
2.2.2  Arctic Foothills 
2.2.3 Sub-arctic Coastal Plain 
2.2.4 Seward Peninsula 
3.1.1 Interior Forested Lowlands and 
Uplands  

2.2.2  Arctic Foothills 
2.3.1 Brooks Range Tundra 
3.1.1 Interior Forested Lowlands and 
Uplands 
3.1.2 Interior Bottomlands 
3.1.3 Yukon Flats 
6.1.2  Alaska Range 
7.1.3  Cook Inlet 
7.1.4  Pacific Coastal Forests 

2.4.1 Amundsen Plains 
3.2.2 Mackenzie and Selwyn Mountains 
3.2.3 Peel River and Nahanni Plateaus 
3.3.1 Great Bear Plains 
3.3.2 Hay and Slave River Lowlands 
5.4.1 Mid-Boreal Uplands and the 
Wabaska Lowlands 
5.4.2 Clear Hills and Western Alberta 
Upland 

 1675 
 1676 
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Appendix C – Summary of Airborne and Spaceborne Remote Sensing Systems for ABoVE 1677 
 1678 
Table C1. Airborne & Sub-orbital platforms and sensors likely to be used during ABoVE. 1679 
 1680 
Sensor  Technology  Agency  Utility 
UAVSAR L-band (~1.25 GHz) 

phased array SAR 
NASA vegetation 

roughness, biomass, 
surface moisture & 
freeze-thaw status 

PALS L-/S-band radar & 
radiometer, 1.26 
GHz & 3.15 GHz 
Freq. 

NASA vegetation 
roughness, biomass, 
surface moisture & 
freeze-thaw status  

AVIRIS Visible-IR 
spectrometer, 224 
spectral bands 

NASA vegetation type, 
chemistry & 
condition 

SAR580 X-/C-band SAR, 5.3 
GHz & 9.3 GHz 
Freq. 

CCRS vegetation 
roughness, biomass, 
surface moisture & 
freeze-thaw status 

AIRSAR C-/P-/L-band SAR, 
0.45GHz, 5.31GHz, 
1.26GHz Freq.  

NASA vegetation 
roughness, biomass, 
surface moisture & 
freeze-thaw status  

IFSAR X-band SAR, 9.55 
GHz Freq. 

Intermap 
Technologies 

topography 

LVIS Scanning laser 
altimeter 

NASA vegetation structure 

CARVE1 L-band radar, 
radiometer, 
atmospheric 
spectrometer 

NASA atmospheric total 
column CO2, CH4, 
CO, surface T, 
freeze-thaw, soil 
moisture 

AIRMOSS1 P-band radar NASA Biomass, root zone 
soil moisture 

1Venture class mission funded by NASA 1681 
 1682 
 1683 

1684 
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Table C2. Spaceborne satellite systems likely to be used during ABoVE. 1685 
 1686 

Optical-IR Wavelength Sensors 
Sensor Platform(s) Agency Time series Key Sensor 

Characteristics 
AVHRR NOAA, 

METOP 
NOAA DMSP, 
ESA 

From 1981 Optical-IR 
multispectral 
radiometer, 1-km 
Res., global daily 
coverage  

GOES I-M GOES NOAA 
NESDIS 

From 1976 Optical-IR 
multispectral 
radiometer; 1-4km 
Res., global 
continuous 
monitoring 

SPOT HRV, 
HRVIR 

SPOT CNES From 1986 Optical-IR 
multispectral 
radiometer, 2.5-
20m Res. global 
26-day repeat 

ETM/TM/MSS Landsat, 
LDCM 

NASA, USGS From 1972 
 

Optical-IR 
multispectral 
radiometer, 15-
120m Res., global 
16 day repeat 

MODIS Terra/Aqua NASA From 2000 & 
2002 

Optical-IR 
multispectral 
radiometer, 250m-
1km Res., global 
twice-daily repeat 

ASTER Terra NASA From 2000 14 channel optical-
IR radiometer, 15-
90m Res., global 
16-day repeat 

MISR Terra NASA From 2000 4-band Multi-angle 
Imaging 
SpectroRadiometer,  
275m-1.1km Res., 
global 2-9 day 
repeat 

Hyperion EO-1 NASA From 2001 Hyperspectral 
imager, 220 bands, 
30m Res., global 
16-day repeat 

1687 
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 1688 
MOPITT Terra NASA From 2000 Atmospheric IR 

spectrometer, 22km 
Res., global 16-day 
repeat 

VIIRS NPP, NPOESS NASA 2015 launch Optical-IR 
multispectral 
radiometer, 400-
800m Res., Global 
daily (optical) and 
twice/day (IR) 
repeat 

Quickbird Quickbird DigitalGlobe From 2001 Optical-IR 
multispectral 
radiometer, 0.6-
2.4m Res., global 
1-3.5 day repeat 

IKONOS GeoEye GeoEye From 1999 Optical-IR 
multispectral 
radiometer, 1-4m 
Res., global 3-5 
day repeat 
coverage 

Active, Passive Microwave and Other Sensors 
AMSR Aqua, GCOM-

W 
NASA, JAXA 2002-present Microwave 

radiometer, 6.9-89 
GHz Freq., 5-60km 
Res., global 1-3 
day repeat 
coverage 

ASCAT METOP ESA From 2009 Radar 
scatterometer, 5.3 
GHz Freq., 30m-
1km Res. global 
daily coverage 

AMI ERS-1/2 ESA From 1992 SAR and 
scatterometer, 
25m-50km Res., 
5.3 GHz Freq., 
global 1-35 repeat 

ASAR ENVISAT ESA From 2003 SAR and 
scatterometer, 
30m-150m Res., 
5.3 GHz Freq., 
global 35-day 
repeat 
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Radarsat-1,2 Radarsat CSA From 1996 SAR, 10m-100m 
Res., 5.3 GHz 
Freq., global 1-24 
day repeat 

Radarsat 
Constellation 

Radarsat CSA 2014 Launch SAR, 3m-100m 
Res., 5.3 GHz 
Freq., global 1-24 
day repeat 

SSM/I DMSP NOAA DMSP From 1987 Microwave 
radiometer, 19.3-
85.5 GHz Freq., 
14-56km Res., 
global daily repeat 

SMOS Proteus CNES From 2010 Microwave 
radiometer, 50km 
Res., 1.4 GHz 
Freq., global 23 
day repeat 

SMAP TBD NASA 2014 launch SAR and 
microwave 
radiometer, 3-40km 
Res., 1.26-1.41 
GHz Freq., global 
1-3day repeat 

PALSAR ALOS JAXA From 2005 SAR, 10-100m 
Res., 1.2 GHz 
Freq., global 46-
day repeat 

GRACE ESSP NASA From 2002 Gravimetry 
OCO-2 TBD NASA 2013 launch NIR spectrometers, 

global 1.8km Res., 
16-day repeat 

TANSO-
FTS/CAI 

GOSAT JAXA From 2010 Vis-IR 
spectrometer, 0.5-
1.5km Res., Up to 
5600 observations 
globally, global 3-
day repeat 

DESDynI TBD NASA 2017 launch LIDAR and SAR 
DPR, GMI GPM NASA, JAXA 2013 launch Radar and passive 

microwave imager, 
10-183 GHz, 5-
500km Res., global 
3-hourly repeat 

  1689 
 1690 

1691 
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 Appendix D – List of attendees at the AboVE Workshop held at the International Institute 1692 
of Arctic Research, University of Alaska – Fairbanks, 10-14 August 2009. 1693 
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Heather Alexander 1694 
Department of Botany 1695 
University of Florida 1696 
Gainesville, Florida  USA 1697 
 1698 
Chris Arp 1699 
Alaska Science Center 1700 
U.S. Geological Survey 1701 
Anchorage, Alaska  USA 1702 
 1703 
Balser, Andrew 1704 
University of Alaska – Fairbanks 1705 
Fairbanks, Alaska  USA 1706 
 1707 
Kirsten Barrett 1708 
Alaska Science Center 1709 
U.S. Geological Survey 1710 
Anchorage, Alaska  USA 1711 
 1712 
Pieter Beck 1713 
Woods Hole Research Center 1714 
Falmouth, Massachusetts  USA 1715 
 1716 
Laura Bourgeau-Chavez 1717 
Michigan Tech Research Institute 1718 
Ann Arbor, Michigan  USA 1719 
 1720 
Breck Bowden 1721 
University of Vermont 1722 
Burlington, Vermont  USA  1723 
 1724 
Alan Brackney 1725 
U.S. Fish and Wildlife Service 1726 
Fairbanks, Alaska  USA 1727 
 1728 
Jessica Cable  1729 
International Arctic Research Center 1730 
University of Alaska – Fairbanks 1731 
Fairbanks, Alaska  USA 1732 
 1733 
Mark Carroll 1734 
Department of Geography 1735 
University of Maryland 1736 
College Park, Maryland  USA 1737 
 1738 
 1739 

F.S. (Terry) Chapin III 1740 
Department of Biology and Wildlife 1741 
University of Alaska – Fairbanks 1742 
Fairbanks, Alaska  USA 1743 
 1744 
Mark Chopping 1745 
Department of Earth and Environmental 1746 
Studies 1747 
Montclair State University 1748 
Montclair, New Jersey  USA 1749 
 1750 
Rosanne D'Arrigo 1751 
The Earth Institute 1752 
Columbia University 1753 
New York, New York  USA 1754 
 1755 
Eugenie Euskirchen 1756 
Department of Biology and Wildlife 1757 
University of Alaska – Fairbanks 1758 
Fairbanks, Alaska  USA 1759 
 1760 
Nancy French 1761 
Michigan Tech Research Institute 1762 
Ann Arbor, Michigan  USA 1763 
 1764 
Scott Goetz 1765 
Woods Hole Research Center 1766 
Falmouth, Massachusetts  USA 1767 
 1768 
Griffith, Peter 1769 
Sigma Space Corporation 1770 
NASA GSFC 1771 
Greenbelt, Maryland  USA 1772 
 1773 
Jesse Grunblatt 1774 
North Slope Science Initiative 1775 
University of Alaska - Anchorage 1776 
Anchorage, Alaska USA 1777 
 1778 
Forrest Hall 1779 
NASA Goddard Space Flight Center 1780 
Greenbelt, Maryland  USA 1781 
 1782 
Jennifer Harden 1783 
U.S. Geological Survey 1784 
Menlo Park, California  USA 1785 
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 1786 
Larry Hinzman 1787 
International Arctic Research Center 1788 
University of Alaska – Fairbanks 1789 
Fairbanks, Alaska  USA 1790 
 1791 
Dan Hodkinson 1792 
Sigma Space Corporation 1793 
Lanham, Maryland  USA 1794 
 1795 
Elizabeth Hoy  1796 
Department of Geography 1797 
University of Maryland 1798 
College Park, Maryland  USA 1799 
 1800 
Fred Huemmerich 1801 
NASA Goddard Space Flight Center 1802 
Greenbelt, Maryland  USA 1803 
 1804 
Tomotsu Igarashi 1805 
Japan Aerospace Exploration Agency  1806 
Earth Observation Research Center 1807 
(JAXA/EORC)  1808 
Ibaraki,  Japan 1809 
 1810 
Yufang Jin  1811 
Department of Earth System Science 1812 
University of California, Irvine 1813 
Irvine, California   USA 1814 
 1815 
Glenn Juday  1816 
School of Natural Resources and 1817 

Agriculture Sciences 1818 
University of Alaska – Fairbanks 1819 
Fairbanks, Alaska  USA 1820 
 1821 
Eric Kasischke 1822 
Department of Geography 1823 
University of Maryland 1824 
College Park, Maryland  USA 1825 
 1826 
John Kimball 1827 
Flathead Lake Biological Station 1828 
University of Montana 1829 
Polson, Montana  USA 1830 
 1831 

Keiji Kushida 1832 
Institute of Low Temperature Science, 1833 
Hokkaido University 1834 
Sapporo, Japan 1835 
 1836 
Lassuy, Denny 1837 
North Slope Science Initiative 1838 
U.S. Fish and Wildlife Service 1839 
Anchorage, Alaska  USA 1840 
 1841 
Michael Loranty 1842 
Woods Hole Research Center 1843 
Falmouth, Massachusetts  USA 1844 
 1845 
Michelle Mack 1846 
Department of Botany 1847 
University of Florida 1848 
Gainesville, Florida  USA 1849 
 1850 
Bryan Kahrohnyakdahdyeh Maracle 1851 
Science Department 1852 
Yukon River Inter-Tribal Watershed 1853 
Council 1854 
Fairbanks, Alaska   USA 1855 
 1856 
Philip Martin 1857 
U.S. Fish and Wildlife Service 1858 
Fairbanks, Alaska  USA 1859 
 1860 
Dave McGuire  1861 
Department of Biology and Wildlife 1862 
University of Alaska – Fairbanks 1863 
Fairbanks, Alaska  USA 1864 
 1865 
Shirley Mims 1866 
Department of Earth System Science 1867 
University of California, Irvine 1868 
Irvine, California   USA 1869 
 1870 
Peter Murdoch 1871 
U.S. Geological Survey 1872 
Troy, New York  USA 1873 
 1874 
Murphy, Karen 1875 
U.S. Fish and Wildlife Service 1876 
Anchorage, Alaska  USA 1877 
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