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PROJECT SUMMARY 
Intellectual merit: High Arctic Bioclimate subzone A will likely vanish if temperatures rise as 
predicted in global climate models. This coldest portion of the Arctic, where mean July 
temperatures presently do not exceed 2-3 ˚C, is entirely located in remote parts of the Arctic 
where there currently are no permanent terrestrial-ecology observatories.  This subzone has an 
extremely small flora, with no woody species, no sedges, no Sphagnum, a lack of peat 
development and unique faunal assemblages. The resulting ecosystems are found nowhere else 
on Earth and are presently poorly studied. Following the astonishingly rapid reduction of the 
extent of perennial Arctic sea ice in 2005 and 2007, it became clear that baseline observations of 
several critical physical and biological variables are needed as soon as possible before the 
changes accelerate. Observations are also needed in subzones B and C to provide a continuum of 
observations along the complete Arctic bioclimate gradient. Once these baselines are established, 
several possibilities exist for future monitoring strategies in this remote region. Proposed 
activities: We propose a joint US-Canadian reconnaissance expedition to Isachsen (Ellef Ringnes 
Island), Mould Bay (Prince Patrick Island), and Green Cabin (Banks Island) to determine what 
would be required to establish terrestrial observatories at these High Arctic sites. The focus of 
the expedition would be to evaluate the feasibility of upgrading the established facilities at these 
sites to provide logistic centers for small expeditions into all three High Arctic bioclimate 
subzones (A, B, and C). We are also proposing to make several quick, easy-to-conduct 
observations during the 1-week expedition ranging from downloading climate, soil, and 
permafrost temperature data to obtaining samples for determination of soil fungal diversity. A 
white paper would present the recommendations of the reconnaissance team to the Committee on 
Designing an Arctic Observatory Network. Transformative research: The proposed 
observatories are much needed in this region because: (1) the region is especially poorly studied; 
(2) it represents the cold extreme endpoint of terrestrial life in the North America Arctic; (3) it is 
in close proximity to the rapidly melting perennial ice in the Beaufort Sea and could experience 
some of the greatest temperature changes and biological changes of any area in the Arctic. 
Research in bioclimate subzone A will lead to fundamental understandings of how Arctic 
terrestrial systems at this cold extreme will respond to climate change. Broader impacts:  This 
proposal is a component of the Greening of the Arctic (GOA) IPY initiative, which is 
investigating changes in plant biomass, NDVI, and other site variables along the Arctic 
bioclimate gradient. The proposed sites could be readily integrated into the network of pan-
Arctic observatories and provide a model for interdisciplinary collaboration at remote extensive 
sites in the network. The fieldwork would involve several other IPY projects that are currently 
funded, including the Circumpolar Biodiversity Monitoring Programme (CBMP), International 
Tundra Experiment (ITEX), the circumpolar Active Layer Monitoring (CALM) project, the 
Thermal State of Permafrost (TSP), and fungal genomic dynamics at extreme cold temperatures. 
The ultimate goal is to establish well-coordinated interdisciplinary studies at these sites to 
monitor a suite of interrelated terrestrial processes that are undergoing change. 
Educational/outreach components: The project will apply for a PolarTREC teacher. If a teacher 
were placed on the project, he/she would use the PolarTREC infrastructure for an extraordinary 
opportunity to participate in research along the complete Arctic climate gradient. We will also 
produce a web site for the expedition and a virtual tour of the NAAT transect as part of the 
Arctic Geobotanical Atlas. 
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2008), and enhanced snow cover could also affect key winter below-ground processes such as 
mineralization and soil respiration rates (Schimel et al. 2004, Sturm et al. 2005). Warmer 
summers have also occurred. The summer warmth index (SWI, the sum of the monthly mean 
temperatures above 0 ˚C) has increased at the rate of 1.5 ˚C / decade in the 50-km wide coastal 
band of the northern Hemisphere (Bhatt et al. 2008, in prep.) Warmer summer temperatures 
would most likely have the largest effect on plant production and biodiversity, and would create 
complex responses in the soil, permafrost, and to the entire arctic ecosystem. Evidence for this 
comes from the very strong correlations between summer temperatures and whole host of 
ecosystem properties along the Arctic bioclimate gradient, including plant production, NDVI and 
biodiversity (Young 1971, Rannie 1986, Chernov and Matveyeva 1997, Jia et al. 2006, Walker et 
al. 2008a, Jia 2008 submitted).  

Table 1. Change along trend lines of sea-ice concentration, 
summer land-surface temperatures (SWI), and maximum and 
integrated NDVI for 1982 to 2007 (sea ice and SWI) and to 2006 
(for NDVI) for the 50-km coastal strip seaward (for sea ice) and 
50-km strip inland (for SWI and NDVI) along the Beaufort Sea 
coast. * = significant trend at p = 0.05. From Bhatt et al. (in 
prep. 2008).  

Most of the evidence of broad-scale changes in vegetation comes from satellite data. The 
record from the Advanced Very High Resolution Radiometer (AVHRR) aboard NOAA satellites 
now spans 25 years. The NDVI (Normalized Difference Vegetation Index) is considered an 
index of land-surface greenness (Tucker and Sellers 1986). Several studies have shown a general 
increase in NDVI within the Arctic during the past 20-25 years (Jia et al. 2003, Goetz et al. 2005, 
Bunn et al. 2007). These changes have been attributed primarily to changes in abundance of 
shrubs (Sturm et al. 2001, Tape et al. 2006). Terrestrial areas bordering the Beaufort Sea have 
shown some of the most 
noticeable changes (Table 1). 
From 1982 to 2007 during the 
Jul 2-22 period (time when the 
sea-ice concentration in the 50-
km seaward strip along the 
Beaufort coast is typically 50%) 
sea ice declined by 15 % (29% 
reduction from the 1982 level); 
the SWI index on the 
corresponding 50-km landward 
strip increased 4.08 ˚C mo (16% 
increase between 1982 and 
2007), and the maximum NDVI 
increased 0.127 (24% increase) (Bhatt et al. 2007, 2008a, b). These are astounding changes; the 
major question is “are the trends real?” The sea ice and SWI trends in the Beaufort are high but 
are not significant because of the high variability in both numbers (although trends in other areas 
of the Arctic are significant).  The NDVI trend is significant at the p = 0.05 level, but there are 
no ground data to demonstrate a corresponding trend in plant biomass. Similar analyses for all 
the Arctic sea areas show that there is a consistent pattern of decreased summer sea-ice 
concentrations, and warmer summer temperatures across the Arctic, but the trend in the NDVI is 
more variable. The NDVI in the region from the East Siberian Sea eastward to the Canadian 
Archipelago (the northern Beringia region) has increased while much of the northern Russian 
coastline west of the East Siberian Sea has shown a slight decrease (Bhatt et al. 2007, 2008a, b). 
The Beaufort Sea region shows the greatest increase in NDVI — corresponding to the large 
summer sea-ice retreat and strong land-surface warming that occurred in the same region.  

If we look at the complete Arctic bioclimate gradient in Canada, there was an overall 16.9% 
increase in NDVI within the five Arctic bioclimate subzones in northern Canada during 1982-
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Fig. 4. Modeled and observed sea ice in 
2005-2007 (Nghiem et al. 2007). Left 
column of maps shows the observed 
minimum extent of sea ice each year. The 
red boundary conforms to the minimum sea 
ice extent of the drift age model of Ngheim 
et al. 2007. OW = open water, FY = first 
year ice, MY = multi-year ice. Right 
column of maps shows more detail 
regarding the age of ice within the multi-
year ice of the model, with the oldest ice 
along the western boundary of the 
Canadian Archipelago. Green dots show 
the proximity of Mould Bay and Isachsen to 
the heavy multi-year ice. 

2003 (Jia 2008 submitted) (Fig. 2). Considering just the High Arctic part, subzones A-C, we did 
not expect to detect major changes of vegetation greenness in these systems because of the 
generally very sparse vegetation and short growing season; however, peak annual NDVI 
increased 0.49-0.74%/yr, comparable to the 0.46-0.67%/yr observed over the Low Arctic 
(subzones D and E) (Jia et al. 2008 submitted). We found a surprising approximately 0.5%/yr 
increase of peak greenness in Subzone A (12.5% increase over the length of the record). Two 
factors may have contributed to a greening: (1) an increase of plant height and coverage due to 
warming (Robinson et al. 1998) and (2) possibly a faster and earlier growth of tundra plants, as 
indicated by the earlier peak greenness (vertical solid lines in Fig. 2). Mosses and lichens are 
often dominant in these harsh environments and may respond to environmental changes more 
rapidly than vascular plants, and therefore enhance their photosynthesis even during a very short, 
favorable period. The satellite-derived trends are 
consistent with a variety of long-term warming 
experiments (Havström et al. 1993, Chapin et al. 
1995, Hobbie and Chapin 1998, Arft et al. 1999, 
Jonasson et al. 1999, Walker et al. 2006), 
observations from other satellite sensors 
(Silapaswan et al. 2001), and repeat aerial 
photographs (Sturm et al. 2001, Tape et al. 2006), 
but most of these observations are from much 
warmer parts of the Arctic. We cannot rule out the 
possibilities that the satellite-derived trends could 
be influenced by changes in the atmosphere or 
changes in the orbits of the satellites (Stow et al. 
2004). Most of these concerns have been addressed 
in the global data sets, but there are special 
problems at extreme northern latitudes including 
very low sun angles, and incomplete coverage in 
some areas of the published data sets There also is 
uncertainty regarding how much of the change is 
related to ongoing long-term recovery that followed 
the Little Ice Age in the 13th to late 19th centuries 
(Oswald et al. 2003). A basic question remains: 
“How do the greening changes detected from space 
relate to biomass changes on the ground?” To 
answer this question, it will be necessary to 
establish biomass-monitoring sites on the ground in 
the High Arctic and compare long-term ground-
derived data with the satellite-derived observations. 
North American Arctic Transect (NAAT) 

The NAAT was established during a project 
funded by the National Science Foundation entitled 
‘Biocomplexity of Patterned-Ground Ecosystems’ 
(Walker et al. 2008b). The transect is 
approximately 1800 km long. The purpose of the 
transect was to observe tundra processes on zonal 
sites in all five bioclimate subzones of the Circumpolar Arctic (Fig. 1). The transect includes ten 
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locations: six along the Dalton Highway in northern Alaska (Happy Valley, Sagwon, Franklin 
Bluffs, Deadhorse, West Dock, and Howe Island) and four in Canada (Inuvik, Green Cabin, 
Mould Bay, and Isachsen). The locations were selected using the following criteria: (1) They 
have representative zonal vegetation on fine grained soils (avoiding rocky soils for active layer 
measurements and sandy leached situations) and were mostly unglaciated during the last glacial 
maximum so that zonal vegetation and soils have had time to develop; (2) they have long-term 
climate records; and (3) they have good landing strips for aircraft that permit year-round access. 
Most of the subzones have at least two study locations, but there is only one location in subzones 
A and B (Isachsen and Mould Bay respectively). These were the only sites in these subzones 
within North America that satisfied the other criteria. 

 
Fig. 5. (a) Esisting camp at Isachsen in 
spring 2006. (b) Mould Bay in 2003. 
(c) Tent camp used for the 
Biocomplexity of Patterned Ground 
Ecosystems project at Isachsen in 
summer 2005.  

At each location, a suite of baseline climate, 
permafrost, soil, vegetation, and other site observations 
were collected. During the project, it was clear that 
these data would be most useful if they were collected 
using standardized protocols that could be applied at 
many sites around the circumpolar Arctic and which 
could be repeated in future years. Such protocols 
existed for describing the vegetation and soils 
(Dierschke 1994, Soil Survey Staff 1999); however, 
other variables such as species diversity and plant 
biomass, had no internationally accepted standards 
existed.  
Special significance of Isachsen 

Isachsen is a particularly important location on the 
arctic transect. It has the coldest summer climate of any 
weather station in Arctic North America (mean July 
temperature: 2 ˚C) and a small total flora (about 50 
vascular-plant species). Ellef Ringnes Island is 
exceptionally cold in summer because it is in the 
region of perennial sea ice with strong summer winds 
that blow off the ice-pack and is consequently in 
Subzone A of the CAVM. At this cold extreme very 
small changes in summer temperature result in major 
system changes. For example, Mould Bay is only 
slightly warmer (mean July temperture: 3.1 ˚C), but it 
is outside Subzone A as evidenced by the much larger 
total flora (over 100 species) (Young 1971, Rannie 
1986), and abundant prostrate shrubs and peat. There is 
no other terrestrial research site in the North American 
Arctic in this subzone, except for Alert, which is on a 
rocky non-zonal site and has restricted access for 
military reasons. Recent computer simulations suggest 
that the corner of the Arctic along the northwestern 
part of the Canadian Archipelago may become the last 
refuge for perennial sea-ice in the Arctic (Fig. 4), and it 
is important that we obtain baseline observations in this area before the sea-ice is eliminated. 

c 

a 

b 
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PROPOSED ACTIVITIES 
Component 1. Reconnaissance expedition 

We propose a joint U.S.-Canada reconnaissance expedition to Isachsen (Ellef Ringnes Island, 
subzone A), Mould Bay (Prince Patrick Island, subzone B), and Green Cabin (Banks Island, 
subzone C) in 2009 or 2010. These three sites are the High Arctic section of a North American 
Arctic transect (NAAT) (Fig. 3). The focus of the expedition will be an evaluation of the existing 
facilities at Mould Bay and Isachsen (Fig. 5). Mould Bay could provide an operations center for 
expeditions into all three High Arctic bioclimate subzones (A, B, and C) in the western Canadian 
High Arctic. The Green Cabin site would also be visited because it is the key subzone C location 
along the NAAT. This site is in Aulavik National Park, and Parks Canada has shown interest in 
helping to maintain the continuity of the Biocomplexity monitoring observations there.  

The Mould Bay and Isachsen facilities were established in April 1948 as part of a network of 
joint Canada-U.S. weather stations in the High Arctic. The U.S. withdrew support from the 
operations in 1971, and the Isachsen weather station was totally decommissioned in 1978. An 
automatic weather station was installed adjacent to the Isachsen runway in 1989. The weather-
station camp at Isachsen (Fig. 5a) has totally deteriorated and is unusable for any kind of 
operations. There is also an abandoned mobile geophysical camp parked adjacent to the runway 
about 1 km north of the Isachsen weather station that has marginally useable kitchen facilities 
and bunk space, but the camp would need to be cleaned up and refurbished to be useable as a 
science facility. The runway at Isachsen is useable in winter, but summer use can be a 
problematic if the runway is wet — planes can get stuck in the mud.  

The facilities at Mould Bay continued operation until 1997, when the main camp was 
decommissioned and an automatic weather station was installed adjacent to the runway. The 
runway at Mould Bay is still useable by C-130 Hercules aircraft. Fuel is regularly cached here 
for operations in the region. The main Mould Bay camp was more carefully mothballed than the 
Isachsen camp, and could conceivably be refurbished for science operations (Fig. 5b). Green 
Cabin is located in Aulavik National Park and is regularly visited by Twin Otter aircraft all 
summer by tourists and researchers. A small cabin is usable as a shelter and for cooking, and 
Parks Canada has maintained a climate station there since 1996, and permafrost temperatures 
have been monitored since 2000.  

We are proposing to establish temporary tent camps at each of the locations similar to that 
shown in Fig. 5c. The proposed expedition will be 6-8 days total. Two Twin Otters will be 
chartered to bring a team of 10-12 U.S. and Canadian scientists and logistic experts to each 
location to evaluate the desirability and feasibility of establishing High Arctic observatories for 
long-term monitoring of a variety of terrestrial parameters. CH2M Hill Polar Services (CPS) will 
handle the logistics for the camps and has provided an estimate of the cost of supporting this 
project (see attached letter). We have been advised that fieldwork is not being funded through 
CPS in the first year of new projects, but it would be highly desirable to do this reconnaissance 
as soon as possible (i.e. in late summer 2009) because of the rapidly deteriorating sea-ice 
conditions and the already significant changes in summer land temperatures.  

The proposed schedule for the reconnaissance is as follows: Day 1-2: Inuvik - Green Cabin, 
with a refuel stop at Sachs Harbor; overnight at Green Cabin. Day 3: Green Cabin - Mould Bay. 
Day 4: Fuel plane goes to Isachsen to check runway and weather and set up temporary camp at 
Geophysical Camp. Other plane stays at Mould Bay with main group for continuation of 
monitoring and camp observations. Day 5-6: Main group goes to Isachsen and spends two nights. 
Day 7: Return to Inuvik, possibly with fly over of northern part of Ellef Ringnes Island.  
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 The proposed participants in the expedition are as follows: (1) Donald (Skip) Walker (UAF): 
Expedition leader, Greening of the Arctic (GOA) IPY project, and biodiversity of vascular plants 
monitoring; (2) Vladimir Romanovsky (UAF): Thermal State of Permafrost (TSP) IPY project, 
permafrost boreholes and climate monitoring; (3) Howard Epstein (U. Virginia): Soil CO2 efflux; 
(4) Fritz Nelson (U. Delaware): Circumpolar Active Layer Monitoring (CALM) Project; (5) Lee 
Taylor (UAF): Genomic studies of fungal diversity and adaptations to cold; (6) Syndonia Bret-
Harte (UAF): Toolik Lake Science Director, Arctic Observatory Network, Long-Term 
Ecological Research, pan-Arctic observatory network of international studies of carbon and 
energy balances in arctic terrestrial systems; (7) Mike Gill: Circumpolar Biodiversity Monitoring 
(CBMP) project, International Tundra Experiment (ITEX); (8) Marty Bergman (Canada Polar 
Continental Shelf Program): Logistics coordination; (9) Fred Daniëls (U. Muenster, PI MAVC 
IPY project, biodiversity of mosses and lichens); (10) Eddy Carmack (Institute of Ocean 
Sciences, Sidney, British Columbia): Climate research oceanography; (11) David Hik 
(University of Alberta): Executive Director, Canada IPY Secretariat; (12) PolarTREC teacher to 
be named; (13) William Gould, Institute of Field Education; ITEX; (14) Martha Raynolds 
(UAF): Logistics coordinator and data manager; (15) CPS cook, (16) Inupiat bear hunter for 
camp bear protection. 
Component 2. Field observations during the expedition 

The call for proposals states that proposals for research will not be considered, but that 
monitoring activities and field support for these are permitted. A variety of already-funded 
projects have shown strong interest in taking advantage of the expedition and will collaborate in 
obtaining a variety of quick-to-measure field observations. We will help coordinate the field 
activities and monitoring efforts of an integrated suite of observations related to climate, sea ice, 
permafrost, active layer, cold adaptations in fungi, soils, and vegetation at the three High Arctic 
locations. These observations will have to satisfy four requirements: (1) be useful and essential 
as a baseline for monitoring system change, (2) quick (requiring less than 2 field days at each 
location), (3) require minimal personnel, and (4) require only light-weight, non-bulky equipment.  

As background for the trip, baseline data of environmental information were collected at each 
location along the NAAT during the Biocomplexity of Patterned Ground Ecosystems project in 
2003-2006 (Walker et al. 2008a). Literature reviews of each site and data collected to date are in 
four data reports (Munger et al. 2004b, Munger et al. 2005, Barreda et al. 2006, Vonlanthen et al. 
2006).  The latitudinal trends of temperature, snow cover, active layer, frost heave, soil carbon, 
biomass, NDVI, patterned-ground morphology, plant diversity, and plant communities are 
summarized in several papers of a special section of the Journal of Geophysical Research - 
Biogeosciences devoted to Arctic Tundra Biocomplexity (Epstein et al. 2008, Michaelson et al. 
2008, Ping et al. 2008, Raynolds et al. 2008c, Walker et al. 2008a, Walker et al. 2008b) and other 
recent publications (Kade et al. 2005, 2006, Kade and Walker 2008, Vonlanthen, 2008 (in press), 
Romanovsky et al. 2008; Daanen et al. 2008a, Kuss et al.  2008 in prep., Kelley et al., 2004}. 
Thermal state of permafrost: Vlad Romanovsky  

One of the more influential system parameters on the biotic systems is the thermal condition 
at the ground surface. Climate data are available at each site from automatic weather stations 
operated by Environment Canada. We also established climate stations at each of the 10 x 10-m 
grids (Romanovsky et al. 2008). The installations are part of the Permafrost Observatory 
Network (Osterkamp 2003, Romanovsky et al. 2003). Air and ground temperatures and snow 
depths are monitored at each site using Campbell data loggers. The High Arctic stations were last 
visited in 2006 and need to be revisited by 2009 or 2010 to obtain continuous records. 
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Monitoring the temperature of the permafrost will be very important for determining long-term 
trends in the climate at these sites. We will also bring a coring device to establish shallow (up to 
5 m depth) permafrost boreholes at each location. Permafrost temperature data are very scant 
from the extreme High Arctic (only from Alert) and completely missing from the Western 
Canadian High Arctic.  
Active layer: Fritz Nelson 

A representative of the CALM program will visit these sites to examine the monitoring 
protocols and make suggestions regarding incorporation of the sites into the existing CALM 
network. Several 10 x 10-m grids with 1-m grid-point spacing were established on zonal sites at 
each location as part of the Biocomplexity studies. This scale of monitoring is currently not part 
of the Circumpolar Active Layer Monitoring (CALM) program [Brown et al., 2000] but is 
valuable for monitoring changes associated with small patterned-ground features such as non-
sorted circles, and polygons. These features would likely change their character if the vegetation 
patterns changes because the vegetation is the key factor controlling the flux of heat into the 
soils. The active-layer was measured at the end of August in 2006. We will repeat these 
measurements during this reconnaissance trip. The active layer will be measured using a metal 
rod inserted into the soil until it encounters the permafrost table. Measurements will be verified 
using a thermal probe (Brown et al., 2000, Figure 3). Precise elevations for a subset of the 
probed points will be established to +/-1 cm using differential GPS technology to establish 
baseline data for future studies of frost heave and subsidence (Little et al. 2003).  
Plant diversity on zonal sites: Skip Walker and Fred Daniëls 

The plant diversity of arctic sites is strongly linked to summer air temperatures and could be 
one of the more sensitive variables to change. Photo points will be established at each of the 124 
already-established permanent vegetation plots surveyed in 2003-2005, (McKendrick 1976, 
2002). Aluminum disks with id numbers stamped into the disk will be mounted on sharpened 
rebar stakes and inserted into the soil in the center of a marked 1-m square plot. Vertical photos 
will be taken of the area centered on the photo point. Changes in the zonal plant communities are 
of primary concern. Complete lists of vascular plant plants will be made on the eight 10 x 10-m 
grids on zonal sites at Green Cabin, Mould Bay, and Isachsen that were surveyed during the 
Biocomplexity studies (Vonlanthen et al. 2008 (in press)). Smaller 1 x 1 m-grids will be 
established within each of the larger grids to monitor moss and lichen diversity.  
Fungal biodiversity: Lee Taylor   

Fungi play dominant roles in decomposition and plant growth, and are therefore critical 
biotic components of changing High Arctic ecosystems.  Soil cores were collected from 
vegetated and non-vegetated zonal sites along the NAAT in the course of the Biocomplexity 
project and have been utilized for thorough molecular characterization of fungal community 
composition via recent OPP funding.  However, only a limited range of habitats were sampled in 
each subzone.  Furthermore, only DNA analyses, which reveal both active (e.g. growing 
mycelium) and inactive (e.g. spores) community members, could be conducted on the prior 
samples.  We propose here to expand the baseline community information from DNA analyses to 
additional habitats, and to add a novel RNA-based approach, which reveals the identities of 
metabolically active members of the fungal community.  Such a comparison of active versus 
inactive taxa is a key to elucidating functional changes in these ecosystems, but requires 
extremely careful soil preservation. During the proposed reconnaissance trips, soil cores can be 
collected rapidly on site and preserved immediately in a liquid nitrogen dry shipper for 
subsequent DNA and RNA analyses. 
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Soil CO2 Efflux Measurements: Howard Epstein 
An understanding of the controls on CO2 efflux and the spatial-temporal dynamics of the 

process is crucial for assessing changes in the Arctic carbon cycle. Soil CO2 efflux is sensitive to 
both soil temperature and moisture, and will therefore likely change as Arctic climate changes. 
Measurement of soil CO2 fluxes is a relatively fast and easy procedure and measurements from 
the High Arctic and across heterogeneous soils are presently limited. The equipment is light and 
does not need to be purchased. CO2 efflux and ancillary data will be collected at each location 
visited for the duration of the stay.  The sampling would focus on zonal sites with samples on 
and between patterned ground features (PGF), with three replicate on/between PGF pairs (if they 
exist), for a maximum total of 6 sampling sites per location. Measurements of soil CO2 efflux 
will be taken using a PP Systems EGM-4 infrared gas analyzer (IRGA), rotating among the 6 
sampling sites for as long as possible.  At each sampling site, an organic “plug” (circular) will be 
cut to the size of the CO2 chamber attached to the IRGA (if an organic layer exists) down to the 
top of the mineral soil.  Live vegetation will be removed from each sampling site to avoid 
aboveground plant respiration.  Soil CO2 efflux measurements will be taken both at the top of the 
mineral soil (with organic “plug” removed), and at the top of the organic layer (with “plug” in 
place) to estimate the CO2 flux from each of the two distinct soil layers. Various ancillary data 
will be collected to examine as controlling variables.  At the time each CO2 measurement is 
taken, integrated soil moisture at 0-12-cm depth in the mineral soil will be measured using a 
Campbell Scientific Hydrosense.  Soil temperature at 6-cm depth in the mineral soil will also be 
taken.  The depth of the organic layer will be measured for each sample site, as will the depth of 
the active layer.  Prior to leaving each location, the organic “plugs” will be collected for analysis 
of bulk density, and carbon and nitrogen content.  A 0-12-cm depth soil core will be taken from 
the mineral soil of each sampling site for analysis of bulk density,  
Pan-Arctic observatory network of international studies of carbon and energy balances in 
arctic terrestrial systems: Donie Bret-Harte 

Donie Bret-Harte will help assess the sites at Isaachsen and Mould Bay for inclusion into 
existing arctic U.S. observing networks, including the AON pan-Arctic network of landscape-
scale observations of carbon, water and energy flux at flagship observatories, and for synergies 
with activities at the core NEON and LTER sites at the Toolik Field Station. One of the key 
pieces of information needed from these locations is long-term plant biomass information to help 
confirm the NDVI trends.  Biomass data will be collected from each location to conform with 
methods used along a similar transect in Russia. A plan will be developed for a coordinated and 
standardized approach to biomass collection across the Arctic Observatory Network. This will be 
presented at one of the planned workshops for the Circumpolar Biodiversity Monitoring 
Program. 
Linkages to marine and sea-ice systems: Eddy Carmack 

One participant in the project would evaluate the possibilities for linking the transect with a 
planned long-term marine transect spanning the Canadian Arctic Archipelago from South to 
North. It is speculated that opening of the sea ice in the higher latitudes will lead to greater ocean 
productivity, more use by marine mammals and birds, and more trophic interaction between the 
sea and the land. Discussions are currently underway in Canada to make use of science-capable 
Canadian Coast Guard icebreakers to carry out annual sea and land surveys extending from 
Coronation Gulf in the South (~67 deg-N) to the outer boundary of the Queen Elizabeth Islands 
in the North (~82 deg-N), thus spanning 15 degrees latitude. This will establish current 
conditions to document anticipated changes in water properties and circulation, ice cover 
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(thickness, extent and duration) and biota (plankton, fish, marine mammals and birds).  Ship-
based oceanographic observations will include standard physical (temperature and salinity), 
texture, pH, and carbon and nitrogen content, geochemistry (nutrients, dissolved oxygen, oxygen 
isotopes) and biological (chlorophyll and zooplankton) measurements. It would be highly 
desirable to link terrestrial observations to those of the ocean and sea ice.  
Circumpolar Biodiversity Monitoring Program and the International Tundra experiment: 
Mike Gill  

The Circumpolar Biodiversity Monitoring Program (CBMP) goals of monitoring Arctic 
biodiversity and conservation of Arctic species and their habitats are being met by collaboration 
and involvement of numerous projects. The North America Arctic Transect offers a perfect 
opportunity to monitor terrestrial biodiversity and changes in plant phenology along the complete 
Arctic climate gradient. It is important to initiate monitoring of several key species groups 
including plants, insects and sea-bird populations that may begin colonizing these areas as the 
ocean becomes ice free in summer. Similarly, increases in summer warmth are very likely to 
affect the seasonality (phenology) of plants and their functional response. The International 
Tundra Experiment (ITEX) (Henry, 1997) in Canada is interested in establishing research sites at 
this northern extreme of the climate gradient. A representative of the Circumpolar Biodiversity 
Monitoring Program (CBMP) and the International Tundra Experiment (ITEX) would be invited 
to evaluate the sites for inclusion in the monitoring program of these two major circumpolar 
projects. 
Canadian Arctic observatory network: Marty Bergmann and David Hik 

At present there is no Canadian terrestrial research being conducted at Mould Bay or 
Isachsen, but several Canadian researchers have expressed interest in doing so, and it likely that 
a proposal will be submitted to the Polar Continental Shelf Program (PCSP) this fall that requests 
funds for monitoring research at these sites. This would trigger the involvement of PCSP in 
promoting the efforts described here. Representatives from the Canadian IPY effort and the Polar 
Continental Shelf Program will be invited on this reconnaissance expedition to provide expert 
advice on logistical operations in Canada and how the proposed sites would fit into the Arctic 
Research plans for Canada. 
Component 3. Coordination and data management 

A post-doctoral student, tentatively identified as Martha Raynolds, will be hired to act as the 
science and logistic coordinator and data manager. The coordinator will work with CH2M Hill 
Polar Services (CPS) to ensure that the camp runs smoothly, that all necessary permits are 
obtained, that everyone going to the camp has all necessary equipment and paper work 
completed. The post-doc would also participate in the plant diversity observations. The data 
obtained during the reconnaissance will be archived through the Cooperative Arctic Data and 
Information Service (CADIS) according to procedures recommended by the emerging new 
ARCSS data management system http://www.arcus.org/arcss/message_112006.html. Data will 
be also archived at the Geographic Information Network of Alaska (GINA) and at the Alaska 
Geobotany Center at UAF. We will also be disseminating data through links to the Circum-
Arctic Environmental Observatory Network (CEON) and COMAAR and the Circumpolar 
Biodiversity Monitoring Program.  
Component 3. Education/Outreach 

A solid education component would be a necessary part of any observatory-station activities. 
Bill Gould has conducted several unique and highly regarded student expeditions into the High 
Arctic as part of the Biocomplexity Project (2003-2005) and as part of the 1999 CAVM 
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Expedition (Gould et al. 2003). He will participate to help develop the education component of 
the white paper. We will also work with NSF and ARCUS to bring a PolarTREC teacher on the 
expedition to also help with the developing a component that could be used in public-school 
classrooms in conjunction with the other outreach tools that will be developed, including an 
expedition web site and virtual tour of the North American Arctic Transect. 

The expedition will also have a web site at the Alaska Geobotany Center, and a virtual tour 
of the NAAT transect as part of the Arctic Geobotanical Atlas. 
Component 4. Follow-up meeting and white paper 
The expedition would examine these locations to determine the wisdom, feasibility, and scope of 
continuing studies along the transect, and to make recommendations regarding possible options 
for doing this. A white paper would present the recommendations of the reconnaissance team to 
the Committee on Designing an Arctic Observatory Network. We are proposing one meeting in 
the fall following the expedition in Vancouver where the white paper would be written.  
CONCLUSION 

Because of the rapid sea-ice retreat in the nearby Beaufort Sea, and the especially sensitive 
nature of subzone A to rapid change, numerous arctic researchers have recognized the need to 
establish a terrestrial monitoring capability in this region to document the changes that are bound 
to occur. A cost-effective plan for U.S. involvement in working in this region will require 
collaboration with the Canadian Polar Continental Shelf project and other Canadian groups that 
are also interested in working in the region. Although the proposed areas of research are entirely 
in Canada, it is appropriate that the U.S. be involved because, for one, the locations proposed 
here constitute the High Arctic portion of the North American Arctic Transect, which traverses 
both the U.S. and Canadian Arctic. NSF funded the NAAT as part of the Biocomplexity in the 
Environment (BE) program, and the Arctic System Science Program funded the logistics. The 
data collected during the Biocomplexity project constitute a legacy of baseline terrestrial 
information along a transect that traverses all the bioclimate subzones in the Arctic. There is no 
other comparable transect anywhere else in the Arctic. It is logical to build on this heritage of 
research and integrate this transect into the AON as part of a network of extensive observatories. 
Since the NAAT lies in both countries, it also logical that the U.S. and Canada share in the 
responsibility for developing a feasible and cost-effective plan for monitoring changes along the 
transect and ensure that the activities are well integrated and coordinated with other U.S. and 
Canadian Arctic observation networks. Developing a feasible approach for monitoring the 
terrestrial changes in this especially sensitive region is the primary goal of this proposal. 

The most critical need is to establish a set of baseline observations, against which future 
changes can be made. A relatively small team of researchers could reasonably achieve this 
within 1-2 field seasons. Once these baselines have been established, several possibilities exist 
for future monitoring strategies in this remote region, ranging from temporary camps at all three 
stations that would only be visited every 3-5 years for monitoring a key set of variables to 
something more permanent, particularly at Mould Bay, that could be used for a wider range of 
observations and experiments in the terrestrial, shoreline and marine systems, and also as logistic 
centers for accessing other areas in the western Canadian High Arctic. 

   
RESULTS OF PRIOR NSF SUPPORT 

 1. Biocomplexity associated with biogeochemical cycles in frost boil ecosystems. OPP-
0120736, $2,750,421, 10/1/01-9/30/07, D.A. Walker, PI, H.E. Epstein, W.A. Gould, W.B. 
Krantz, R. Peterson, C.L. Ping, V.E. Romanovsky, Co-PIs. This study is relevant to the proposed 
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work because the North American Arctic Transect was established during this project, and a 
great deal of baseline climate, soil, vegetation, and geomorphological information were 
collected. Furthermore, the logistics for the transect were worked out during the Biocomplexity 
project, so we know the transect is feasible. An interdisciplinary team of vegetation and 
ecosystems scientists, climate and permafrost specialists, soil scientists, and modelers examined 
the climate, permafrost, geomorphology, soils, vegetation, and invertebrates associated with 
patterned ground features. Publications to date have included an overview of the project and a 
conceptual model of how vegetation affects the morphology of patterned ground forms with 
results from the Low Arctic portion of the gradient (Walker et al. 2003, Walker et al. 2004) 
descriptions of the differential frost heave model, a physically based model of self-organization 
of frost boils and earth mounds (Peterson and Krantz 2003, Peterson et al. 2003), 
characterization of the vegetation and its effect on the thermal properties of the soil (Kade et al. 
2005, Kade 2006, Kade et al. 2006, Kade and Walker 2008), descriptions of the soil processes in 
frost boils (Michaelson et al. 2002, Ping et al. 2005), the active layer (Kelley et al. 2004), the 
hydrological system (Daanen et al. 2007), and the educational component of the project (Gould 
et al. 2003). A synthesis of the project has been published in a special section of Journal of 
Geophysical Research; including nine papers describing the vegetation, soils, biomass, spectral 
properties, and the models used along the North American Arctic Transect (Daanen et al. 2008b, 
Epstein et al. 2008, Michaelson et al. 2008, Nicolsky et al. 2008a, Peterson and Krantz 2008, 
Ping et al. 2008, Raynolds et al. 2008c, Walker et al. 2008a, Walker et al. 2008b). Additional 
papers published elsewhere or in preparation further describe the models (Daanen et al. 2008a, 
Nicolsky et al. 2008b, Peterson 2008), measurements of frost heave (Daanen et al. 2007, 
Romanovsky et al. 2008); the special characteristics of bioclimate subzone A (Walker et al. 
2008d), vegetation in the High Arctic (Vonlanthen et al. 2008 (in press)), carbon sequestration 
(Ping et al. 2008 in press), and a synthesis of the zonal vegetation along the transect (Kuss et al. 
2008 in prep.).  Several hard-copy data reports are also available on line at 
http://www.geobotany.uaf.edu/library/reports/#bc_reports (Raynolds and Walker 2003, Munger 
et al. 2004a, Raynolds et al. 2004, Raynolds 2005, Barreda et al. 2006, Vonlanthen et al. 2006).  

2. Towards an arctic geographic information network: a web-based plant-to-planet-
scale geobotanical atlas centered on the Toolik Lake Field Station, Alaska. ARC-0425517, 
$819,460, 12/15/04-11/30/08. D.A. Walker, PI. The Circumpolar Arctic Geobotanical Atlas 
(AGA) is a web-based multi-scale collection of geobotanical maps and related material. It 
includes maps at eight different scales, from 1-m² plots to the entire Arctic. The AGA focuses on 
research sites at the Toolik Field Station and Imnavait Creek, Alaska, but also covers the 
Kuparuk River Basin, northern Alaska, Arctic Alaska, and the Circumpolar Arctic. Diverse 
geobotanical themes include geology, topography, landforms, surficial geomorphology, soils, 
and vegetation. The maps and web site are being developed at the Alaska Geobotany Center in 
collaboration with several other groups at the University of Alaska Fairbanks. The databases 
form a legacy GIS database for the Toolik Field Station. The AGA is relevant to the proposed 
project because our intent is to include the spatial databases from the North American Arctic 
Transect in the atlas, in particular the maps of the vegetation, biomass, snow depth, and active 
layer thickness on each of the 21 10 x 10-m grids along the transect, including 8 maps at Green 
Cabin, Mould Bay, and Isachsen (Raynolds et al. 2008c).  The publications to date have focused 
on the master’s thesis work of Corinne Munger (Munger 2007, Munger et al. 2008), analysis of 
the circumpolar arctic vegetation map (Raynolds et al. 2006, Raynolds et al. 2008b); publication 
and analysis of the vegetation map of Arctic Alaska (Raynolds et al. 2005a, Raynolds et al. 
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2005b) and the publication of a hierarchy of maps of the Toolik Lake region (Walker et al. 
2008c, Walker and Maier 2008 in press). The core of the project is the web site that presents the 
hierarchy of maps, supporting information, photos of the plants and plant communities, and the 
key publications: http://www.arcticatlas.org/. 
3. Greening of the Arctic: Synthesis and models to examine the effects of climate, sea-ice, 
and terrain on circumpolar vegetation change. NSF ARC-0531180, $481,765 to UAF and 
$406,603 to University of Virginia, 2005-2007. 1/1/06-12/31/08. D.A. Walker and H.E. Epstein, 
Co-PIs. The Greening of the Arctic initiative examines the sea-ice, climate and vegetation 
interrelationships and the relevance to people living in the Arctic. This project is very relevant to 
the work proposed here because of its focus on the inter-relationships between sea-ice, land-
surface temperatures, and vegetation greenness. Since 1975, perennial sea ice in the Arctic has 
declined 8.6 ± 2.6% per decade for September sea-ice extent, with a total reduction of 21%. 
Forty percent of the models predict complete loss of Arctic sea ice in September by 2100. One of 
the major questions facing Arctic terrestrial ecologists at the moment is, “What will happen to 
the tundra regions if the Arctic Ocean becomes seasonally ice free as indicated by current trends 
in sea ice?” Linkages between sea ice and terrestrial vegetation are indirect – through 
albedo/climate feedbacks to the atmosphere. Changes to the vegetation will have major 
implications for the permafrost, snow, hydrology, soils, wildlife, and people who live in the 
Arctic. They also have global implications because of albedo and trace-gas feedbacks to the 
climate system.  
The results of this project and several other new studies offer a fresh perspective to view and 
study changes to the vegetation of the whole Arctic. One often overlooked feature of the Arctic 
tundra is its intimate relationship with the Arctic Ocean and sea ice. Eighty percent of the Arctic 
tundra (3.2 million km2) is within 100 km of at least seasonally frozen seawaters that provide the 
cool summer temperatures necessary for tundra’s presence. Changes to the boundary of the 
perennial ice in the Arctic will likely cause a wide variety of other changes to the Arctic System 
including northward migration of extratropical cyclones, general warming of the land surfaces, 
and reduction in the extent of the tundra biome. Before future states of tundra ecosystems can be 
modeled, it is first necessary to better characterize how the current distribution of pan-Arctic 
plant communities and tundra production patterns are related to existing climate, sea ice, and 
terrain variables. New circumpolar maps and remote sensing data provide tools to examine the 
underlying causes of pan-Arctic vegetation change. A synthesis of these circumpolar data sets is 
especially appropriate now during the International Polar Year. 
We are examining how the vegetation of the circumpolar Arctic is responding to recent changes 
in climate and sea ice, and how these changes are modified by terrain variables, such as soils, 
topography, and bedrock. We are using observed information from GIS and remote-sensing data 
sources to help predict future response of arctic vegetation.  Traditionally, the Arctic system has 
been studied by separate groups of scientists studying the ocean, atmosphere, land, and ice 
components of the system. Our team consists of experts in geobotany, sea ice, climatology, soils, 
permafrost, remote sensing, and vegetation modeling, who address the central question of how 
pan-Arctic vegetation has responded to climate change and how it will change in the future. The 
project also has strong linkages to projects studying other components of the total Arctic System 
including the geophysical environment, carbon budgets, wildlife, and humans. Our project is 
divided into four main research components and a management component: Component I: 
Climate, sea-ice, land-surface temperatures: trends and interrelationships (Bhatt, Comiso, Jia, 
Raynolds); Component II:  Spatial patterns of circumpolar vegetation and NDVI (Jia, Raynolds, 
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Walker); Component III: Temporal patterns of circumpolar NDVI (Jia, Bhatt, Comiso, Markon, 
Epstein); Component IV: Simulation Modeling (Epstein, Kaplan, Lischke); Component V: 
Project management (Walker, Raynolds, Maier). Publications to date have focused on a 
summary of the modeling results (Epstein et al. 2007) (Epstein et al. 2007), summaries of the 
NDVI relationships in Canada (Jia 2008 submitted), relationships of circumpolar NDVI to 
patterns of biomass (Raynolds et al. 2006), land surface temperatures (Raynolds et al. 2008a), 
glacial geology (Raynolds and Walker 2008 in press), and permafrost (Raynolds and Walker 
2008); and  the influence of sea ice on land-surface temperatures, and NDVI (Bhatt et al. 2007, 
Bhatt et al. 2008, Bhatt et al. 2008 in prep.).  
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