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1.  ABSTRACT 
 
This project will examine how biological and physical processes interact to control carbon 
uptake, storage and release in Arctic tundra ecosystems building on decades of prior research by 
using an experimental approach to manipulate tundra moisture. Approximately 25% of the 
world’s soil organic carbon reservoir is stored at high northern latitudes in permafrost and 
seasonally-thawed soils in the Arctic, a region that is currently undergoing unprecedented 
warming and drying, as well as dramatic changes in human land use. The objective of this study 
is to quantify linkages between soil moisture and carbon uptake, storage and release over 
multiple spatial (microbial to landscape) and temporal (minutes to decades) scales. 
Understanding how changes in annual and inter-annual ecosystem productivity interact and 
potentially offset the balance and stability of the Arctic soil carbon reservoir is of utmost 
importance to global climate change science. If there is a net loss of soil carbon to the 
atmosphere in the form of greenhouse gases (namely CO2 and CH4), greenhouse warming could 
be enhanced. This non-linear, potentially positive feedback response could very quickly cause 
Arctic terrestrial ecosystems to function in a manner not known to us from the late Holocene and 
with globally significant implications.  
 
This study takes a multi-scale approach, from satellite remote sensing to a site-specific 
manipulation. The study region encompasses many long-term measurement sites that have been 
in place for 5 to 10 years. Building on past measurements, the project is focused on a soil 
moisture manipulation involving a 60-hectare tundra flooding/draining experiment near Barrow, 
Alaska on the Arctic Coastal Plain. The project is located within the Barrow Environmental 
Observatory (BEO). The BEO is 7,446 acres of land owned by the Ukpeagvik Inupiat 
Corporation (UIC) in a designated Conservation District that has been further zoned as a 
scientific research district for long-term, experimental studies such as this.  
 
The project involves installation of overhead power lines, the use of temporary dikes for flooding 
and draining of the study site, and the installation of a communications tower, robotic sensor 
track system, two small removable raised buildings, raised boardwalks along the robotic sensor 
track and trail matting to protect the tundra at the study site. A permit has been acquired by the 
project from the U.S. Army Corps of Engineers for the manipulation of wetland tundra. The U.S. 
Fish and Wildlife Service issued a Biological Opinion finding of non-jeopardy through the 
Section 7 Consultation required by the Endangered Species Act regarding the two threatened 
species that may be encountered or displaced by the project, Steller’s eiders and spectacled 
eiders.  
 
This Environmental Assessment takes into consideration the potential of the project to impact the 
environment. These potential impacts were considered thoroughly during project planning and 
are considered to have no significant impact on the environment with the implementation of the 
associated mitigating measures defined in this documents and in the US ACOE permit.  
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2.  PURPOSE AND NEED 
 
This research project, “Biocomplexity Associated with the Response of Tundra Carbon Balance 
to Warming and Drying Across Multiple Time Scales” (OPP #0421588) was funded through the 
National Science Foundation (NSF) Biocomplexity in the Environment (BE) program.  It is 
anticipated to be a leap forward in the field of biocomplexity and climate change and pushes the 
frontiers of available experimental and technological methods. Arctic terrestrial ecosystems are 
changing dramatically in response to recent persistent regional warming and drying trends. These 
changes are of critical importance to climate and the global carbon cycle because roughly 25% of 
the world’s soil organic carbon reservoir is currently stored at high northern latitudes in 
permafrost and seasonally-thawed Arctic soils. Vegetation, soil moisture, active layer depth and 
drainage, biogeochemical cycling, temperature, and precipitation all interact in the Arctic to form 
a complex system that is sensitive to change. Arctic ecosystems function near the freezing point 
of liquid water, where relatively small changes in the thermal and hydrological regime can result 
in large, non-linear changes in ecosystem function (Le Dizes et al. 2003; Michaelson and Ping, 
2003). The function of arctic tundra ecosystems exhibit biocomplexity in that underlying 
physical and biological processes appear to be hierarchical, self organizing, strongly 
interconnected, limited by threshold effects, and non-linear, which causes strong variation over 
multiple scales of space and time and are dependent upon historical conditions and micro-
topographical variations (Figure 1). Large-scale and long-term experimental manipulations may 
be the optimal means to resolve the multiple interacting processes and components of arctic 
tundra ecosystems and understand how they function in order to reach a deeper understanding of 
the spatial and temporal dynamics of the arctic system as it responds to global change. 
 
Recent increases in average air temperature and permafrost temperature are altering the carbon 
sink-source dynamics of arctic tundra ecosystems. The tundra is becoming warmer and drier 
(Chapman and Walsh, 1993; Oechel et al. 1993; 1995; 2000a; Serreze et al. 2000). Soil moisture 
variability is a major factor governing spatial patterns of tundra carbon cycle dynamics across 
multiple and interacting spatial, temporal and biological organizational scales. Soil carbon 
storage is greatest where microbial activity is limited by high soil moisture, as is the case where 
drainage is slight and the water table is held near the surface by permafrost and topography. 
However, current trends in permafrost degradation caused by both climatic and land use changes 
are increasingly being recognized as profoundly altering tundra hydrologic and carbon cycle 
processes. Soil hydrology also has a major influence on the soil thermal regime (Luthin and 
Guymon, 1974). Subtle differences in topography can significantly alter drainage and create 
cooler, saturated wetlands or warmer, drier uplands with concomitant effects on soil carbon 
storage.  
 
Permafrost thaw and associated increases in soil active layer depth from warming can cause 
surface subsidence, reductions in soil water table, vegetation change (Hinzman et al. 2004, in 
press), and potentially, thermokarst erosion and drainage (Hinzman et al. 1997). Drainage can 
markedly increase soil decomposition and soil carbon loss (Oberbauer et al. 1991; 1996) but 
some of the carbon loss may be in the form of net primary productivity, plant growth. NPP has 
further confounding effects on hydrology, soil carbon loss and uptake, carbon respiration, and 
soil temperature, depending on the vegetation type.   
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Figure 1: Hypothetical schematic of the effect of variation in water table on trace gas flux across a complex 
topographic gradient. The same change in soil moisture can differentially affect the magnitude and even the sign of 
CO2 and CH4 flux depending on antecedent conditions (topography). Areas within a meter or two can have different 
magnitudes and signs in CO2 and CH4 fluxes. Solid bars indicate the greatest source and sink activity for CO2 and 
CH4 flux under each moisture condition. Sources are brown (CH4) and red (CO2). Sinks are green (CH4) and blue 
(CO2). 
 
Although tundra systems are often referred to as simple or model systems for ecosystem 
research, quantifying and understanding the impact of environmental change on ecosystem 
carbon flux at multiple spatial and temporal scales still remains a challenge to global change 
scientists. The temporal and spatial scales of previous field studies are poorly matched with the 
larger scale of arctic ecosystem modeling, making it difficult to advance or validate these 
models. The many non-linear, complex, interacting factors that comprise fluxes at hundreds to 
thousands of square kilometers and the technological difficulties in extrapolating observations 
and model output over time, space, and throughout different levels of biological organization in 
the Arctic have also been significant limitations to progress (Oechel et al. 2000b; 1998a). 
 
This integrated, multi-scale approach will provide a comprehensive assessment of the range of 
complex, non-linear interactions among physical, biological, and human dimensions driving 
system behavior. Such an approach is critical to understanding and quantifying the mechanisms 
controlling patterns of carbon cycling spanning plot to regional and global scales and predicting 
the response of Arctic terrestrial ecosystems to changing temperature and moisture regimes. This 
approach is multidisciplinary and quantitative; utilizes a novel manipulative experimental design; 
employs advanced technology (e.g., mobile flux platform, wireless sensor array, and new air-
borne and satellite technologies), and will benefit national and international research programs, 
education and public outreach, and several remote and largely indigenous communities in 
northern-most Alaska. This study will also form the basis of a long-term integrated 
multidisciplinary scientific endeavor that will continue to further our understanding of the arctic 
system and how it may respond to global change well beyond the life of the proposed study. This 
effort will lead to more accurate and efficient modeling of the carbon cycle from the level of a 
single plot to regional and circumpolar scales. 
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3.  PROPOSED ACTIVITIES 
This project examines the adaptability, linearity and predictability of biophysical interactions in 
response to variation in soil moisture at multiple spatial and temporal scales. The collaborators 
have carefully planned this study, working with federal regulators, land and wildlife managers in 
Barrow, doing outreach to the community and taking other steps to plan the research project in a 
way that minimizes impacts to the environment while allowing the investigators to conduct this 
important study of biocomplexity and climate change in the Arctic.  This section of the document 
describes the preferred alternative; other alternatives are described in section 4 in conjunction 
with the evaluation of environmental impacts. 
 
3.1  Project Location  
The proposed study area is located in the Barrow Environmental Observatory (BEO; Figure 2), a 
reserve of land that has been set aside by the North Slope Borough and the Ukpeagvik Iñupiat 
Corporation. It is managed by the Barrow Arctic Science Consortium (BASC) for science and 
education. The BEO and nearby region have been used for scientific research intensively for 
over 50 years. Plans for the future of the BEO are described in the BEO Management Plan 
(Appendix 1).    
 

 
Figure 2:  The Barrow Environmental Observatory (BEO). The small red circle indicates the proposed study site in 
the southwest portion of the BEO. Land used by the former Naval Arctic Research Laboratories (now UIC-NARL), 
NOAA and USGS are at the northern end of the BEO.  
 
The manipulation will be well contained within approximately 4 km2 and will not affect a larger 
area of tundra than is necessary. The hydrological manipulation concept has been approved and 
is strongly supported by the BASC SMAC, the Mayor of Barrow, North Slope Borough and the 
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Ukpeagvik Iñupiat Corporation. The study site is located 2 km south of the Arctic Ocean and is 
comprised of low- and high-centered polygons, ice wedges (polygon troughs), and drained lake 
tundra land forms (Brown et al. 1980). The area is close to road access, electrical power, and is 
within cell phone range of Barrow and within radio and RTK Differential Global Positioning 
System (DGPS) coverage distance from the BASC research laboratories. The manipulation will 
be near, but will not interfere with, existing research project infrastructure.  

 

3.2  Experimental Flooding and Drying 
Three water table levels will be established and maintained in an existing and naturally occurring 
drained lake basin (Figure 3). This manipulation will cause relatively minor alterations to the 
current wetland structure. The three levels will include one with enhanced soil moisture, one 

Figure 3:  Diagram of sensors and supporting infrastructure for the research project.  

control (or natural condition), and one with reduced soil moisture. These soil moisture conditions  

ill be maintained by introducing two dikes across the wetland (approximately 200-m long). 
 
 

 
w
One dike will create a flooded region of enhanced soil moisture by slowing the natural flow of
water. The control region of natural soil moisture levels, down-slope from the first dike, will be
maintained at the background level based upon comparison and calibration with water levels in 
adjacent, un-impacted wetlands and a reference lake. The drained region of depleted soil 
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moisture levels will be controlled with a weir leveled on a drainage ditch (a backup pump
also be installed). 
  

 will 

oisture levels in all three zones will be maintained by regulating the flow of water across the 
-

. 

 to 
 

sis 

-

.3  Temporary Buildings 
as the ‘control shed’ or control center for the project. The control 

 
 

 small wooden ‘methane shed’ (2.5m x 2.5m x 2.5m) will be used to house sensors for 
ill be 

n 

d 

.4  Instrument Tram and Accompanying Boardwalk 
d to collect data when the site is snow-

d 

h) 

M
up-slope and down-slope dikes. Where necessary, water will be gravity fed from header tanks re
supplied from nearby water sources. All efforts will be made to reduce the impact of flooding 
and or drainage on water biogeochemistry, which will be monitored throughout the experiment
Soil moisture levels are strongly impacted by local weather, which cannot be controlled. 
Consequently, areas will be maintained with distinctly wetter and drier conditions relative
‘normal’ and the control. Accordingly, the water levels in each treatment are expected to vary
markedly seasonally and inter-annually with experimental treatments being maintained to be 
wetter and drier than the control. Although water levels will initially be managed on a daily ba
by regulating pumps by hand during the snow-free period, investigators plan to apply ‘smart’ 
software that will automatically trigger pumping/draining via a wireless network and near-real
time variability in a georeferenced water source. The first field season (summer 2005) will be 
used to establish altitude-corrected water level correlations between referenced water sources 
and the proposed manipulation area. 
 
3
A small building will serve 
shed will house a wireless network and will link field instrumentation via radio connection to 
BASC, where remote access via high-speed internet will permit real-time status checking and 
control of field instrumentation. The shed was built by local high school students (6m x 2.5m x
2.5m) and is on skids to be dragged to the site while the tundra is frozen and snow-covered. This
control building will be put on timbers (8”x8”x8’; 20cm x 20cm x 2.4m) to raise it off the tundra. 
Investigators will have this shelter available as a workspace to reduce the need to come and go 
from the site.  
 
A
measuring methane. The shed is on skids for dragging it across the snow to the site and w
put on timbers (8”x8”x8’; 20cm x 20cm x 2.4m) to raise it off the tundra. Sample collection 
tubes from the three eddy flux towers in the manipulation area will be suspended from woode
tripods (1m high) connecting to the methane shed. Suspension of the tubes requires a wooden 
support every three meters from each of the three eddy covariance towers back to the methane 
analyzer within the wooden box, for an approximate total number of 275 supports and a total 
distance of 825 meters. The supports should each be 1.2 m in height for adequate above groun
suspension of the air tubes. Steel wire will be used to secure the tubes to each tripod. 
 
3
A robotic tram system will be installed in the dry lakebe
free, reducing the need for investigators to visit the site to collect data. A line of tram extends 
into each of the three treatment areas. Data will be transmitted via a wireless internet signal an
available to researchers from miles away. The tram will be suspended on supports that are 
removable or that can be cut down at ground level following the study. A raised (30 cm hig
boardwalk will be installed along the tramline for maintenance and access to the research site. 
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The boardwalk will be removable, elevated enough to prevent alterations to the hydrology, but 
low enough not to cause snow drifting. 
 
3.5  Sensor and Communications Towers 

 collect wireless data transmissions from the sensors 

rch 

ra. 

.6  Access to the Research Site 
led using a synthetic material to protect the underlying tundra 

w-free 

.7  Electrical Power to the Study Site 

 the instruments and instrument towers. In the first field 

dings 

ne will 

Table 1:  Power requirements for the project. 
 
PI Description Peak Wattage Duty Cycle 

A communications tower will be installed to
located throughout the study site and to transmit the data via a wireless internet signal to the 
research team. The tower will transmit a wireless internet signal available for use at the resea
site. Three 3-m high eddy covariance towers, similar to the one near the site, will be installed 
downwind of the three treatment areas. These towers will measure methane flux from the tund
Air samples collected automatically at each tower will be sent through tubing to the methane 
shed for further analysis.   
 
3
A 3-km matted trail will be instal
from excessive surface disturbance, ensure the safety of field personnel, and facilitate the 
transport of equipment to the manipulation by small cart (e.g. wheelbarrow) during the sno
period.  
 
3

Power to the site is necessary to operate
season of the study, a 10kW diesel generator, with a second generator as backup, will be used to 
power the eddy flux and communications towers, instrument tram, gas analyzer and other 
instruments, wireless network, computers, and provide light and heat to the temporary buil
(Table 1). Year-round data collection is essential to the project. To provide the site with year-
round sufficient power, an electrical power line will be installed in winter of 2005-2006. The 
power line will go to the control building adjacent to the trail from the existing line along 
Cakeeater Road, approximately 8000 m of overhead power line. Short sections of power li
run along the ground from the nearest pole to the existing eddy flux tower, the three towers that 
will be installed in this project and the communications tower.  

 

General fficiency loss/ 10% of total Transformer e 600w 24/7 
Harazono Methane Analyzer 500w 24/7 
Harazono GAST Pumps 600w 24/7 
Harazono Data Logger 50w 24/7 
Control Shed n Repeater Statio 50w 24/7 
Control Shed  ay Lighting 150w 8hr/ d
Control Shed Heat 1500w 8hr/ day 
Control Shed Battery Chargers 500w 24/7 
Control Shed Laptops (3 x 100w) y 300w 2hr/da
Control Shed VHF Radio base station 75w 24/7 
Control Shed Wireless Communications  125w 24/7 
Tower Wireless Communications 250w   
Oechel Eddy Tower 300w 24/7 
Oechel Eddy Tower 300w  24/7
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Oechel Eddy Tower 300w 24/7 
Gamon Tram Lines 1000w 24/7 
VPR Gen Shed Loads 400 w 24/7 
General Multiply by 1.25 for 25% safety factor = 700w   
Total   7700W   

 

.8  Project Data 
roject will be available in near real-time and will be archived at the Joint 

ce 

blic 

 
 
3
All data from the p
Office for Science Support (JOSS) soon after acquisition and then at the Arctic System Scien
(ARCSS) Data Coordination Center (ADCC) within the National Snow and Ice Data Center 
(NSIDC) for long-term access by interested scientists. In addition, the research team has an 
elaborate outreach plan that includes participation by the local community, outreach to the pu
and regional schools. 
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4.  POTENTIAL ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTIVITY 
 
4.1  Project Location  
The study site is located 2 km south of the Arctic Ocean and is comprised of low- and high-
centered tundra polygons, ice wedges (polygon troughs), and drained lake tundra land forms 
(Brown et al. 1980). Plant communities are primarily mixed graminoids that vary from moist to 
dry across microtopographic changes. The research area is limited to 4 km2. This experimental 
manipulation of tundra moisture will alter the wetland tundra habitat relative to ‘normal’ 
conditions. The location, research infrastructure and experimental manipulation for the preferred 
alternative and other alternatives are addressed in this section. The impacts of the preferred 
alternative to the environment are insignificant due to deliberate planning by the project 
organizers with the goal of minimizing impacts to the environment. 

Figure 4:  Location of the BEO with respect to subsistence activity and habitat use by Steller’s eiders. 

 
This habitat is likely to be used by collared lemmings (Dicrostonyx torquatus), brown lemmings 
(Lemmus sibiricus), arctic fox (Alopex lagopus), caribou (Rangifer taranadus), brown bears 
(Ursus arctos), polar bears (Ursus maritimus), and a wide variety of migratory birds including 
sandpipers and plovers, ducks, geese and swans, passerines, gulls, terns, and jaegers, sea birds, 
ptarmigan, ravens, and snowy owls (Nyctea scandiaca). Of particular note are Steller’s eiders 
(Polysticta stelleri) and spectacled eiders (Somateria fischeri), two sea ducks that have been 
designated as Threatened under the Endangered Species Act (Figure 4). 
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The project site is approximately 5 miles from the town of Barrow, Alaska in the North Slope 
Borough. Barrow has a population of about 4500, 65% of whom are Inupiat Eskimo. Subsistence 
hunting and gathering are an important part of the culture and lifestyle in Barrow. Many people 
hunt birds, caribou, seals, polar bears and bowhead whales. Berry picking and fishing are also 
important subsistence practices. Much of the land near Barrow is owned by Ukpeagvik Inupiat 
Corporation (UIC), including the land used by this project. UIC has worked with BASC to 
establish the Barrow Environmental Observatory (BEO) and maintain it for scientific research 
purposes. The use of the land for research does not preclude subsistence hunting and gathering 
by local people.  
 
The BEO Science Management Committee (SMAC) and Science Advisory Group (SAG) are 
highly supportive of integrated and collaborative scientific research, a principal objective of the 
BEO. This project is considered an appropriate and beneficial project for the long-term goals of 
the BEO. Required infrastructure (e.g., boardwalk, line power, long-range wireless internet 
connectivity) is commensurate with BASC, SAG, and SMAC goals for the BEO. The North 
Slope Borough Mayor has also indicated his support for the project in a letter accompanying the 
proposal to NSF.   
 
4.1.1  Study Site 
The site selected for this project has been used for environmental research for over 50 years 
(Norton, 2001) and contains one eddy flux tower for measuring gas fluxes from the tundra used 
by investigators in this project. This tower is used for research and as an education and outreach 
tool for the Long-term Ecological Research Schoolyard project involving local students in 
research. The study site is located at the southwestern access point to the BEO. The project is 
located near existing eddy flux towers and other scientific instruments, thus it has historically 
been used for environmental research purposes and is not a completely undisturbed site. The site 
has a dry lakebed suitable for the flooding/draining experiment and is near existing power lines, 
minimizing the length of power line that needs to be installed to supply the research site.   
 

4.1.2  Permitting 
The landowner, UIC, has granted the land use permit necessary for this project. Because the 
project involves manipulation of wetland habitat, the project sought and received a permit from 
the U.S. Army Corps of Engineers (USACE). The permit was issued to BASC (Appendix 2), 
which will oversee the compliance with stipulations specified under Nationwide Permit #12, 
Utility Line Activities and #5, Scientific Measurement Devices (see Additional Resources for 
further information). NSF has undertaken a Section 7 Consultation with U.S. Fish and Wildlife 
Service under the Endangered Species Act regarding Steller’s and spectacled eiders. USFWS 
issued a final Biological Opinion stating a finding of non-jeopardy of the activity on eiders 
(Appendix 3). Mitigation and avoidance of impacts on eiders is discussed below. 
 

4.1.3  Eider Mitigation 
The Barrow Arctic Science Consortium (BASC) was designated to represent NSF in the formal 
consultation with USFWS. USFWS requested the project to make a number of mitigation efforts, 
which will be overseen by BASC and the project investigators to ensure compliance. Collision 
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avoidance markers will be installed on the overhead power lines to reduce bird strikes. USFWS 
has provided the specifications for the devices to be used in that area. The power line will be 
searched daily for any bird mortalities due to strikes. The project will conduct surveys for nesting 
pairs of eiders in all years of the project. In years of the project when eiders nest in the area, nests 
will be marked, monitored, and traffic near the nest will be reduced to avoid disturbance to the 
nest. Survey and nest avoidance requirements are described in detail in the Biological Opinion 
and will be carried out by trained personnel on behalf of the project. While human activity is 
likely to deter eiders from nesting in the immediate 4 km2 study area, the site was chosen 
because it is not an area of concern for use by nesting Steller’s eiders based on past observations 
reported by USFWS (Figure 4). This is not an undisturbed site and has previously been used for 
similar climate change research.  
 
4.1.4  Alternatives to the Proposed Site 
Barrow is the preferred location for the logistics hub for this project because of the infrastructure 
for research and long research history. Other sites were considered for the tundra manipulation 
project; however, no other site with infrastructure and environmental conditions comparable to 
BEO was available.  While there is a vast expanse of tundra in the Arctic, it would take 
exceptional logistical support to access sites without existing infrastructure.  This would increase 
the overall environmental impact of the project, requiring additional fuel, vehicles, and housing 
for researchers.  Of primary importance was selecting a site in an area with a history of low 
visitation by and low density of Steller’s eiders in years when they nest. Informal discussions 
with USFWS personnel surveying for eiders in Barrow led to the selection of the preferred site at 
BEO (Dr. Craig Tweedie, pers. comm.). The research site was selected because of the research 
history, current location of the eddy flux tower, and the suitability of the chosen lakebed for the 
flooding/drying manipulation. Additionally, the site is located near the road, reducing the tundra 
impacted by installing access to the site. The site is near a power line that can be extended to the 
site providing a low-pollution, high output power source. The ‘no action’ alternative would result 
in the project not taking place, which would prevent the collection of valuable information on the 
potential impacts of global climate change on the tundra environment and resulting change in 
carbon cycling between the tundra and the atmosphere. 
 
4.2  Experimental Flooding and Drying 
The flooding and drying treatment are intended to impact only the identified areas. The size of 
the area selected is sufficient to provide data on a variety of different topographic and pre-
existing tundra conditions necessary to understand carbon cycling in the tundra under different 
moisture regimes. Dikes will be built with impermeable plastic sheeting placed in the ground 
with no permanent stabilizing structure (each approximately 200-m long). At the conclusion of 
the experiment, the aboveground portion of the dikes will be removed and effects will be 
confined to a 4km2 area around the dry lakebed. Water for the flooding treatment will be 
captured from snowmelt in the spring and held until released on the study site. The integrity of 
the study site depends on not altering the surrounding hydrology. If additional water is needed, it 
will be pumped from the nearby large lake with minimal effect to the lake level. There are no 
fish in the lakes on the BEO. The dikes and drainage ditches will be constructed in late 
September 2005, prior to snowfall, when active layer depths are at their greatest. Comparative 
research will be initiated in summer 2006. Instrument trams and boardwalks will be elevated to 
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reduce alteration of the surface hydrology. Aboveground portions of these structures will be 
removable.  
 
 
4.2.1  Alternatives to the Proposed Activity 
The design of the flooding and drying experiment has been carefully considered. To create the 
three distinct treatment areas, sandbags were considered as a means of trapping and diverting 
water as needed. The fill from the sandbags could be expected to produce contaminants, 
including mineral and chemical leachates, which would damage the research site for this and 
future research experiments. Removable plastic sheeting inserted into the ground reduces 
contamination and disturbance to the surface vegetation and is the preferred option. The ‘no 
action’ alternative would eliminate the possibility of manipulating tundra moisture, which is the 
critical element of the research project to determine the behavior of carbon cycling under 
different tundra moisture regimes.  
 
An alternative for providing water to the study area is to pump all the water from nearby lakes. 
This would require the use of additional pumps and is expected to result in greater fluctuation in 
water levels of nearby lakes than holding spring melt for release onto the site. The preferred 
option is to capture spring melt. The ‘no action’ alternative would prevent the inclusion of a 
treatment with tundra under elevated moisture, greatly decreasing the investigators’ ability to 
determine the impact of moist soils on carbon exchange.  
 
There are few reasonable alternatives for drying the tundra besides the preferred method of 
diverting surface and active layer hydrology from inputting moisture. Drying by heat or other 
mechanical means would alter the temperature, which would confound the study and could have 
impacts to the permafrost and vegetation. Using wind to cause drying would alter the current air 
pathway rendering the gas flux towers ineffective at measuring cross-site carbon flux. The ‘no 
action’ alternative would eliminate the dry soil treatment from the study, which is necessary to 
determine how carbon exchange is modified under different moisture regimes.    
 
4.3  Temporary Buildings 
Two small, portable buildings will be used on the site. These buildings have been used to support 
previous research, they are of a suitable design for reuse in this study.  The ‘control shed’ (6m x 
2.5m x 2.5m) will house instrumentation and a wireless internet network for transmission of 
data. The ‘methane shed’ (2.5m x 2.5m x 2.5m) is a very small structure to house the methane 
gas analyzer that will analyze gas samples collected across the study site and transported via 
tubing. Both are small structures designed on skids so they may be relocated for a variety of 
uses. They will be dedicated to this project for its duration. The buildings will be pulled into 
place while the tundra is frozen and covered with snow to reduce impact to the tundra vegetation. 
Both structures will be supported by timbers (8”x8”x8’; 20cm x 20cm x 2.4m) to reduce the area 
of tundra impacted and prevent disturbance of the soil temperature regime and surface 
hydrology. The buildings provide heated shelter to investigators. This will allow project 
personnel to remain on-site and reduce daily trips across the tundra to the road.  
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4.3.1  Alternatives to the Proposed Activity 
The ‘no action’ alternative for the control shed will not prevent the project from taking place. 
Without the control shed as shelter and to house the wireless network and other instruments, 
investigators will need to increase the number of trips they make to the study site to transport 
data and materials or shelter. This could increase impacts to the tundra, wildlife including eiders 
and increase traffic on Cakeeater Road.  
 
The loss of the methane shed would eliminate the ability to sample and analyze methane gas 
from the study area. These data are critical to the study of carbon flux across the tundra. Losing 
either structure would significantly alter the data collected on the project and increase traffic to 
and across the research site. For these reasons, the addition of the two temporary buildings is the 
preferred alternative.   
 
4.4  Instrument Tram and Accompanying Boardwalk 
The manipulation site will be traversed by an automated tram system for unattended sampling of 
surface optical and thermal properties. A boardwalk for tram maintenance will be installed next 
to the tram, raised about 30cm, to prevent damage to the tundra and interruption of the surface 
hydrology. The boardwalk will have reflective strips attached to make it more visible to people 
traveling on the tundra. The instrument tram will greatly reduce foot traffic across the 
manipulation site, allowing measurements to be collected without impacting the tundra 
vegetation. This is a new technology being deployed for the first time in the arctic specifically to 
reduce environmental impacts while providing high quality data. The tram system and boardwalk 
will be held in place using removable posts made of steel or wood. The field measurements from 
the tram will also provide essential validation for aircraft and satellite remote sensing, to enable 
use of past satellite imagery as well as future imagery. 
 
4.4.1  Alternatives to the Proposed Activity 
In this case, the ‘no action’ alternative is to have people collect samples on foot, traversing the 
tundra multiple times per day to collect samples. This is considered to have much greater impact 
than the tram system with boardwalks in place for equipment maintenance and occasional 
sampling. Without boardwalks, the tundra would be severely impacted by foot traffic. Raising 
the maintenance boardwalk off the tundra further minimizes impacts.   
 
4.5  Sensor and Communications Towers 
Three eddy covariance towers (3m high, with three 3-m guy wires) will be installed downwind 
from the manipulation site to assess whole-ecosystem carbon balance. The site will have a high-
speed wireless connection that allows investigators to communicate remotely with instruments, 
other investigators, BASC, and the world wide web, reducing the need for visits and facilitating 
year-round data collection.  
 
A tower – 8m high, with nine guy wires up to 8m from the base – will hold the communications 
equipment for this project. Guy wires for all towers will be equipped with orange piping on the 
lower end of the wires to prevent humans and animals from colliding with them. The 
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communications tower will have a flashing light to increase visibility for helicopters. Towers 
will also have spinning, reflective bird deterrents to reduce bird collisions with towers or wires.  
 
4.5.1  Alternatives to the Proposed Activity 
The ‘no action’ alternative for the eddy covariance towers would prevent the sampling and 
analysis of gas fluxes across the treatment area. These data are essential to the project, thus the 
‘no action’ alternative would prevent the project from taking place.  
 
The communications tower enables the remote collection and transmission of data, reducing the 
need for investigators to visit the site and to collect data manually from across the site. The ‘no 
action’ alternative would greatly increase the impact to the study site and reducing the quality of 
the data collected in the study.  
 
4.6  Access to the Study Site 
About 3000 m (10,000 ft) of plastic matted trail will be laid onto the tundra to protect it from 
foot traffic. The trail path has been planned on the highest, driest ground available to reduce 
impact to soft, wet tundra. The trail material will not impact surface hydrology, will minimize 
destruction of surface vegetation and hence alteration of permafrost and soil stability.  
 
4.6.1  Alternatives to the Proposed Activity 
Alternative methods of access were considered that would allow for motorized access to the 
research site for carrying equipment but that would not create an ‘attractive nuisance’ to off-road 
vehicle enthusiasts. It is likely that a path wide enough for all-terrain vehicles (ATVs) would 
attract ATV traffic from nearby Barrow that would further impact eiders and habitat. Various 
motorized vehicles have been investigated that might fit on a narrow path. None have been 
selected, thus the research team will haul equipment, such as computers, instruments, heaters, 
chairs and other items used on the site and in the temporary buildings using narrow hand carts 
(e.g., wheelbarrows) and backpacks. Boardwalks could be installed rather than the plastic 
matting, but recent experiments by USFWS with the proposed synthetic trail material have been 
successful. The material is durable, plants are able to grow up through the spaces in the material, 
and there is little disturbance to hydrology and soils.  
  
4.7  Electrical power to the study site 
For the first year of the project, two 10kW diesel generators will be used while the full 
instrument package is tested and brought online. Power will terminate at the control shed and 
each eddy covariance tower with a transformer and a weather-tight breaker box with a single 
breaker providing 100 watts of 120 VAC power mounted on a wooden post.  The breaker will act 
as a switch should the researcher team need to work on equipment; alternately, devices can 
simply be unplugged. The power cable will lie on the tundra until the matted trail meets the 
boardwalk, at which point the cable will be attached to the side of the boardwalk deck. The trunk 
line and spurs will be laid on the tundra. The cable is armored liquid tight and considered the 
best in class technology for this application. It has a flexible steel jacket and three plastic layers 
of protection covering the wires. It can lay in water with no threat to the system or the 
environment. Initially the cable will be placed on the snow. As the snow melts it will settle into 

 DRAFT 14



the tundra amongst the vegetation. This cable has been used as part of an autonomous power 
system operating an eddy covariance tower at the Ivotuk airstrip on the North Slope. This type of 
cable is flexible and will lie down whereas some other types of cable buckle and are not flexible.  
 
The generators will operate continuously (24/7) from spring through fall 2005. They will run 
alternately with each generator being shut off for service and refueling every two weeks. They 
will be installed fully fueled with a 350-gallon double-walled auxiliary fuel tank. The generators 
and fuel tank will be kept in a containment structure sufficient for the fuel capacity. The 
generator system will be located next to the matted trail approximately ½ mile from Cakeeater 
road where the investigators on site can visually inspect the generators daily for leaks or 
malfunctions. To resupply the generators with fuel, each month a helicopter will sling-load 55-
gallon drums of fuel to the site ½ mile from Cakeeater Road. The fuel drums will also be stored 
in a containment structure sufficient for 110% of the fuel capacity. If eiders are nesting in the 
area, the project team will re-evaluate the use of helicopters and consult with USFWS to 
determine the best course of action for refueling. The generators, fuel tank, fuel cache and 
containment vessels will be removed from the site with minimal impact to the tundra vegetation 
(either by helicopter or over snow-covered tundra) when they are no longer needed to power the 
project.  
 
In spring 2006 year-round power for the project will be supplied by installing 8000m of 
overhead power line from the existing line parallel to Cakeeater Road. Several short sections of 
power line will be connected to the line powering the towers, instruments and temporary 
buildings installed in 2005. Collision avoidance devices, as specified by USFWS, will be 
installed on the power lines to reduce the chances of birds flying into the overhead lines. Barrow 
Utilities and Electric Cooperative Inc. (BUECI) will install the power lines in accordance with 
industry standards for work in permafrost tundra. The holes for the poles will be drilled in winter 
2005/2006 and installation completed in spring 2006. This infrastructure is meant to support 
research at this site for the long-term. When power to this quadrant of the BEO is no longer 
needed to support science, the line can be removed and the poles can be cut at ground-level. 
 

4.7.1  Alternatives to the Proposed Action 
The existing eddy flux tower is powered by a combination of wind and solar power, which has 
historically failed every 2-3 days, creating large and frequent gaps in data sets (Dr. Craig 
Tweedie, pers. comm.). These alternative energy sources are still experimental and not sufficient 
for the power requirements of this project (Table 1). The ‘no action’ alternative of providing no 
power line or using only generator power at the site would prevent the project from occurring, or 
greatly increase the physical impact on the site. 
 
Generators are not a long-term option because of the noise, carbon exhaust and potential for 
hydrocarbon spills. Although they are positioned downwind of the study site, generators have the 
potential to alter measurements of the small fluxes in CO2 and CH4 crucial for the project. The 
alternative to installing the generators is to postpone the project for a year until overhead power 
lines are installed. The benefits of installing and testing the instruments in 2005 are considered 
greater than the potential impact of having the generators in operation for one field season. The 
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generators are expected to have little or no impact on the site, and their presence on site for the 
first year of the study is not expected to impact data collected on site in future years.  
 
Year-round power necessary to complete the study can only be supplied by power lines. 
Overhead power lines are considered preferable to surface or buried power lines to reduce the 
potential for injury to humans and damage to the tundra, respectively. Burying the lines would 
disturb the tundra vegetation and soils, which would impair the project and increase the impact 
of the project on the site. Line power is a preferable alternative to using diesel generators long-
term. Line power reduces traffic to the area that would be necessary for refueling generators. The 
short sections of power line on the ground will not be loose enough to cause a hazard to people 
or animals traveling over the tundra or snow during winter. The lines will be marked for safety.  
 
4.8  Conclusion 
The infrastructure to support the project has been carefully reviewed and the preferred 
alternatives minimize impact to the environment. An area of only 4 km2 will be altered in the 
manipulation designed to simulate potential changes of tundra under wetter and drier conditions. 
The area is small portion of the North Slope Borough, the largest municipality in the U.S. 
covering over 230,000 km2 (89,000 mi2). At the end of the project, all sensors and infrastructure 
can be removed. Power poles and other items anchored into the permafrost can be cut down at 
surface height when they are no longer needed. This research project is the first study to simulate 
conditions at an appropriate scale for understanding the physical and biological processes 
regulating the release and uptake of carbon in tundra. Because northern tundra ecosystems store 
approximately 25% of the world’s carbon, it is important to understand how carbon cycling in 
tundra will react to changing climate conditions.  The impacts of the project are expected to be 
environmentally insignificant. 
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Introduction

Background

The Barrow Environmental Observatory (BEO), 7,466 acres of arctic tundra

near Barrow, Alaska, was permanently set aside in 1992 by the Ukpeagvik

Iñupiat Corporation (UIC – the Barrow Village Corporation) (Appendix A).

The BEO research reserve is a unique testament to the commitment of North

Slope residents to the advancement of science and to collaboration between

local people and scientists. Iñupiat Eskimo people have taken a sizable portion

their own land and dedicated it to scientific research; an action unique in the

world, where long-term ecological research stations are created by national

governments or multinational agencies, but never before by a local Native

community. This land had previously been used by researchers at the Naval

Arctic Research Laboratory (NARL) beginning in the 1940s.

The Barrow Arctic Science Consortium (BASC), a nonprofit organization

dedicated to scientist/community collaboration, was designated by UIC to

manage the BEO. The BASC Board of Directors established the BEO

Management Committee (BEO MC) to develop and manage the reserve

(Appendix B). In 1997, the National Science Foundation’s (NSF) Office of

Polar Programs implemented the first three-year Cooperative Agreement

with BASC to support management of the BEO and research in the Barrow

area. A second, three-year agreement supports the continuation of the BEO

planning.

During the Barrow Area Research Support Workshop held in Marshall,

California, in December 1998 (published as The Future of an Arctic Resource,

ARCUS 1999), the BEO MC met and recommended the development of a

Master Plan for the BEO. The North Slope Borough (NSB) Assembly enacted

an ordinance to allow for creating a Science Research District (SRD) zoning

status at their December 2000 meeting. Upon approval of a Master Plan, the

BEO will be eligible for designation as a Science Research District, thus

providing a higher degree of long-term protection. Under provisions of the

SRD ordinance, the Master Plan will serve as the vehicle for a single, multi-

year land-use permit. This will simplify the land-use permitting process, as

individual projects normally will not be required to obtain NSB permits for

research on the BEO. Equally important is the fact that the Master Plan will

provide for the logical and planned growth of services in and around the

BEO. During the week of April 22, 2002, both the BASC and UIC Boards

approved the draft Master Plan with the understanding it would be submitted

to the Borough once final changes were made.

Location

The Barrow Environmental Observatory is located on the North Slope of

Alaska, within the boundaries of the North Slope Borough, approximately

six kilometers east of the City of Barrow, the northern most city in the United

States of America (Map 1). The BEO is bordered on the north by federal

lease holdings of the U.S. Navy, U.S. Geological Survey (USGS), and the

National Oceanic and Atmospheric Administration (NOAA). The former

Naval Arctic Research Laboratory (NARL), which is now owned by the

Ukpeagvik Iñupiat Corporation and operated as the UIC-NARL Facility,

lies to the north of both the BEO and federal lands along the shores of the

Chukchi Sea.

The BEO is bordered on the west by mostly vacant residential land, vacant

land owned by the UIC, and the Cake Eater Road. The southern border of

the BEO is occupied by the Borough’s actively operated natural gas fields

and the transmission tower for Barrow’s only radio station, KBRW, and



vacant UIC lands. The gas fields were originally developed by the U.S.

Navy for NARL, but have since been retrofitted to serve the community of

Barrow with natural gas. The fields are owned and operated by the NSB.

Elson Lagoon, the barrier islands, and the Beaufort Sea form the eastern

boundary of the land-based portion of the Proposed BEO Science Research

District

BEO Science Research District

Currently, the BEO lies within an NSB Conservation District, which is the

most restrictive of district uses and discourages most land uses and activities.

In 2000, BASC undertook an effort to ensure that scientific research in the

BEO enjoyed the highest priority of use allowed under Alaskan law. BASC

worked with the NSB Planning Department and the NSB Assembly to create

and enact a new zoning district classification entitled the Science Research

District (SRD). The ordinance (NSB Ordinance Serial No. 75-6-40) that

enacted the SRD was adopted by the NSB Assembly in December 2000.

The proposed SRD boundary is shown on Map 2 of the Master Planning

Maps. This area incorporates the entire BEO. A second research area is

proposed that includes portion of Elson Lagoon and Crescent Island. The

lagoon research area is shown by dashed lines. Its inclusion will greatly

enhance research without placing any limits upon other subsistence and

recreational uses. These boundaries were drawn to capture the full range of

research opportunities available from the BEO.

Also as a part of this planning effort, we are required by the NSB to be

aware of other uses within two miles of the BEO. This two-mile planning

boundary that we are required to consider under this Master Plan is shown

on Map 2. This two-mile zone is not part of the BEO or SRD.

Three major types of research will utilize the BEO Science Research District:

* Process and Experimentation

* Population Biology and Biodiversity

* Environmental Monitoring

Master Plan

The Master Plan document is divided into five sections and appendices:

Part I Terrain Components of the BEO

Part II Current Uses of the BEO and Surroundings

Part III Proposed Uses of the BEO and SRD

Part IV Master Plan

Part V Map Section
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Part I Terrain Components of the BEO

The following four maps present the natural components of the Barrow

Environmental Observatory. (Maps 3-6).

IKONOS Satellite Imagery

Map 3 contains a mosaic of satellite images that serves as a base for the

Master Plan. Current mapping-quality aerial photography of the BEO has

not been obtained for the past several decades. Since the cost of obtaining

this photography was beyond the scope of this plan, BASC contracted for

the satellite imagery in summer 2000 to serve as a base map of current

features. The commercial satellite (IKONOS) product when used in

conjunction with the available 1/2-meter contour maps provides one-meter

ground resolution. Because of cloud coverage over the BEO, two images

acquired in July and August were mosaiced to create the photographic base

image on Map 3. Additional processing of the images was performed and

ground checking was undertaken in summers 2001 and 2002 by personnel

of the Arctic Ecology Laboratory from Michigan State University.

The resolution is of sufficient quality to allow ground location of

infrastructure features such as the NARL airstrip, buildings, the snow fence,

and Cake Eater Road. If viewed at an enlarged scale, shadows from the

CDML building can be seen on the ground. The IKONOS image was used

as the base map to assess erosion along Elson Lagoon using historical aerial

photographs. As an example a total of 28.2 hectares of land have been lost

to erosion since 1979 along the 11-km long Elson Lagoon-BEO boundary

(Brown et al, 2003).

Topography and Hydrography

Map 4 presents the topography and surface waters of the BEO and is based

on the topographic map prepared in the 1960s by the Cold Regions Research

and Engineering and Laboratory (CRREL) at a scale of 1:5000 (total of 26

map sheets), and as a photo base at a scale of 1:25,000 and 1/2 meter contour

interval (Brown and Johnson 1966). The majority of the original 26 sheets

were recently digitized and subsequently compiled on a CD-ROM for the

Barrow landfill project. The BEO boundaries were officially surveyed in

1995 by BTS/LCMF Joint Venture. Aluminum-capped monuments and posts

mark all corners; the land perimeter of 19.53 km is posted at approximately

150-meter intervals by Carsonite witness posts.

The main topographic feature of the BEO is the crescent shaped, old raised

beach ridge that extends from the North Meadow Lake across the Navy-

USGS-NOAA lands and re-enters the BEO extending to Central Marsh

Slough. Beach ridge elevations range between 4.5 and 7.0 meters above sea

level. Elevations along Elson Lagoon range from close to sea level to a

maximum of 4.6 meters.

Central Marsh Slough and Ikpik Slough, two small estuaries or sloughs,

encroach upon the BEO as inland extensions of Elson Lagoon. Mayoeak

Creek, a third estuary and small stream, forms the southeast boundary of the

BEO. Two, long (2 km) shallow lakes are located in this southeastern section

of the BEO (East and West Twin Lakes). Two smaller, shallow lakes are

found at the northwestern section of the BEO (North and South Meadow

Lakes; NML and SML). North Meadow Lake was the site of intensive

research during the 1960s and 1970s and was serviced by a power line from

NARL (Kelley and Weaver 1969). A third small lake is located in the
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southwest potion of the BEO and is named Cake Eater Lake (CEL) for Although, upon visual inspection, the Arctic Ecology Laboratory (AEL) at 

present purposes. Numerous small shallow ponds are randomly distributed Michigan State University (MSU) believes the vegetation classification to 

in former lake basins and low centered polygons. be a good representation of actual ground conditions, it has not formally 

been assessed for accuracy. Accuracy assessment was conducted during the 

Other than the small streams at the headwaters of these estuaries, there are 2002 field season. Statistical accuracy figures for the vegetation classification 

no well-defined drainage networks. Revegetated drained lake basins cover will be available upon the completion and analysis of this fieldwork. 

the landscape. Wet swampy areas interconnect many of these basins. During 

spring snowmelt these low wet areas carry the runoff waters to Elson Lagoon. Table 1: Vegetation Class distribution in the BEO and the entire classified 

The remaining snowmelt and majority of the summer precipitation remains area. 

on the tundra and in polygon ponds and subsequently evaporates or is % Area % Land % Area % Land 

absorbed into the thawing soil. The summer water balance of a small BEO Land Cover in BEO in BEO in Total in Total 

basin draining into Central Marsh Creek was studied in the 1960s (Brown et Dry Heath – Lichen-dominated 2.3 2.8 2.3 2.9 

al. 1968). 
Dry Heath ––Salix spp.-dominated 4.2 5.1 4.0 5.0 

Dry Heath - Mixed 0.3 0.3 0.3 0.3 

Dry Meadow 9.8 11.9 8.7 10.9 

Vegetation Classification 
Moist Meadow - Forb-dominated 4.1 5.0 4.1 5.1 

Moist MeadowÄ––Carex spp.-dominated 7.6 9.2 7.1 8.9 
Map 5 for the BEO vegetation was produced from a supervised classification Moist Meadow - Mixed graminoid-dominated 4.3 5.2 4.7 5.9 

of the IKONOS satellite imagery mosaic of July 16 and August 16, 2000 Wet Graminoid 36.7 44.4 35.0 43.8 

coverage of the BEO area. Table 1 summarizes the land cover breakdown 
Emergent Aquatic – Arctophila fulva-dominated 2.2 2.6 2.2 2.7 

Emergent Aquatic ––Carex spp.-dominated 6.8 8.2 6.3 7.9 

for the entire image area (Map 4) and for the BEO. Land cover statistics Emergent Aquatic - Mixed 0.1 0.1 0.1 0.1 

have been calculated in two different ways. The statistics for “% Area” are Water 17.3 NA 20.1 NA 

Urban / Gravel 1.2 1.4 1.8 2.2 
taken from all classes in the land cover map; those for “% Land” do not Barren Ground 0.4 0.5 0.9 1.1 

include surface water in any of the calculations. Cloud 2.7 3.2 2.4 3.0 

The most dominant vegetation type in the BEO is wet graminoid tundra, 

composing 38% of the entire BEO and 44% of its land area (Table 1). The 

next most dominant land cover types are dry meadow, moist meadow 

dominated by Carex spp. and emergent aquatic vegetation dominated by 

Carex spp. These rankings remain the same in the entire image area. 

-4­



Soils

Map 6 represents the soils of the Barrow region. The original map was
prepared in the late 1950s as part of a doctoral dissertation (Drew 1957).
The paper version of the map has been geo-referenced by Resource Data,
Inc., of Anchorage, Alaska, and a digital product produced. Soils are classified
primarily on the basis of moisture; the Table 2 contains the names of the
major soils and polygon types. The driest soil is termed Arctic Brown and is
only found on the raised beach ridge near CMDL. Moisture and surface
organic matter increases from Upland Tundra to Meadow Tundra and finally
to Half Bog soils. The major polygon types are classified based on surface
relief and size. These are flat topped with raised rims, high-centered (generally
composed of peat and found near drained lake shores or other drainages),
and depressed or low-centered generally filled with water. For the soils of
the Barrow peninsula (map area shown), 75% of the soils are Meadow
Tundra, and Half Bogs and open water (lakes) each occupy about 10%
(Bockheim et al. 1999). Both Footprint and Dry Lakes as shown on Map 6
were drained in 1950.
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Table 2: Soil Classification

Beach Gravel along coast

Arctic Brown: shallow; normal imperfectly drained

Upland Tundra: dry; normal

Meadow Tundra: dry ; normal; wet

Half Bog: dry ; normal

Polygon Classification

Flat topped (A, B)

High Centered (C)

Raised rims (D,E ,F)

Low centered with water (W)



Part II Current Uses of the BEO and Surroundings

Maps 7-9 contain information on the current uses of the BEO and adjacent
lands. The major concerns that relate to the use of the BEO lands for research
are reviewed in this section.

Land ownership

Map 7 shows the location of the federal lease holdings on the northern
boundary of the BEO: U.S. Navy, U.S. Geological Survey (USGS), and the
National Oceanic and Atmospheric Administration (NOAA). The NOAA
Climate Monitoring and Diagnostic Laboratory (CMDL) is located here as
is the Department of Energy’s Atmospheric Radiation Monitoring (ARM)
station. The NOAA and USGS lands are used for research including the
clean air sector which is shown on Map 8. The remaining adjacent lands are
owned either privately or by the Ukpeagvik Iñupiat Corporation for
residential and commercial use. The UIC-NARL includes the Ilisagvik

College, the NSB Department of Wildlife Management, BASC logistical

facilities, the NARL Hotel and several residential and commercial complexes.

Platting of the UIC land and subsequent home construction on residential

lands to the west of the BEO began along Cake Eater Road in the early

1990’s.

Roads, Utilities, Access and Other Infrastructure

Map 7 shows the main roads in and around Barrow, Browerville and UIC-
NARL, electrical distribution lines and the elevated natural gas pipeline.
The NSB Geographic Information System (GIS) Division provided the
majority of the data and information for the approximate locations of these
facilities. Additional locations were positioned with the GPS systems
available at BASC.

The BEO has limited access by existing roads. Cake Eater and Gas Well
roads border the west and southern boundaries of the BEO. The northern
border of the BEO has very limited road access, and is not likely to have
public physical access available in the near future. The southern boundary
has very limited road access due to the positioning of the elevated natural
gas pipeline. KBRW has the main access from the Gas Well Road over the
natural gas pipeline and an agreement would be required if a permanent
BEO access was to be established at this site. The eastern boundary may
only be accessed by boat or on foot in the summer or by snow machine
during the winter.

The Beach Road (locally named Stevenson) serves as the main access to
UIC-NARL and periodically suffers major coastal erosion resulting in costly
repairs and maintenance.

The southwest corner of the BEO is within 25 meters of the Cake Eater
Road, and the nearby electrical distribution line and natural gas main pipeline.
Because of its close proximity to these utilities and the road, this part of the
BEO is well suited for development of a permanent facility located on the
BEO. This is the only location in the BEO that has close proximity to publicly
available road and utilities.

Subsistence and Cultural Use Areas of Concern

Map 8 shows some of the areas (gathering areas and travel corridors) that
are important to the Iñupiat (indigenous residents of the North Slope) for
hunting and fishing for traditional foods as well as areas that are known to
have archeological significance.

The North Slope of Alaska is known to have been inhabited by the Iñupiat
and their predecessors for over 10,000 years. Although such early sites have
not yet been found in the Barrow area, artifacts have been recovered which
have been identified as Arctic Small Tool Tradition (ASTT), which dates
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back approximately 4,200 years. The BEO includes landforms which have

relatively high potential to contain such early sites.

No archaeological research has been carried out on the BEO. The general

location has been in use for thousands of years. The BEO is known to contain

pre- and post-contact archaeological sites, as well as historic (scientific)

sites, all of which are potentially eligible for the National Register of Historic

Places.

When federal funds are used for activities on the BEO the following laws

and regulations mandate cultural resource investigations prior to any potential

ground disturbances: National Historic Preservation Act; National

Environmental Policy Act; Archeological and Historic Preservation Act;

Archeological Resource Preservation Act; Native American Graves

Protection and Repatriation Act; Executive Order 11593. In addition, Title

19 of the North Slope Borough Municipal Code and the Alaska Coastal

Management Program applies to any activities, regardless of the source of

funding, that take place on the BEO. No ground disturbances (either as part

of the research or incidental to the research) can take place without prior

review by the UIC Science Division archeologist. Such reviews may require

surface inspection or subsurface testing, so activities should be planned far

enough in advance to allow time and suitable conditions for these reviews

to be conducted.

Steller’s Eider Areas of Concern

The Steller’s Eider is a species of waterfowl that appears to nest almost

exclusively in the Barrow area. No other nesting populations have been

found elsewhere in North America. The Steller’s Eider was listed by the

Federal Government as a Threatened Species under the Endangered Species

Act in 1997. As such there are consultation protocols that are required by

federal law for any activity (including field research) that might interfere

with continued viability of this species. The shaded polygons shown on

Map 9 indicate areas that the U.S. Fish and Wildlife Service considers critical

areas of importance to the continued existence of the Steller’s Eider. These

areas will likely be limited to access only when Steller’s Eider are present

(summer months are nesting and rearing times for the Steller’s Eider) and

will probably preclude the construction of any permanent facilities within

those areas of concern.

Research Stations, Areas and Sites

Map 8 shows locations of the research facilities, and clusters of high density

research sites in and adjacent to the BEO. Information is based on available

information from BASC, previous NARL records, publications and

information provided by investigators (see Norton 2001 for the most current

history of research at Barrow).

Starting in the early 1970s NOAA established the Clean Air Sector to measure

properties of the atmosphere related to air quality, the ozone layer and

greenhouse gases (global warming). To continue to operate from this location

NOAA’s Climate Monitoring Diagnostic Laboratory requires the

maintenance of the Clean Air Sector that requires emissions to be at an

absolute minimum, preferably at zero. Co-located on the federal lands are

the USGS Magnetic Observatory and the DOE Atmospheric Radiation

Observatory (Area 1).
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During the past three summers, students from Michigan State University

undertook field identification and Global Positioning Satellite documentation

of known research sites in the BEO, including sites such as the International

Tundra Biome Project (IBP) located on the west side of Cake Eater Road

outside of the BEO. These sites are documented in the BEO Metadata

Database in ACCESS format. The database contains approximately 1500

sites, plots and other notable positions. Over 325 sites are permanently

marked in the field with a numbered survey marker. This database captures

critical historic and current information and data about research on the BEO

that would likely have been lost without this effort. This database also

provides information vital to the reasonable management of the BEO and

the protection of historical and on-going research. The current database is

available as a CD and will also be Internet accessible. The database and the

IKONOS vegetation project (Map 5) adopted a uniform data standard for

the collection and input of data into this database and the BEO Master Plan.

The standard reference datum used is NAD 1983 UTM 4.

Research sites within and adjacent to the BEO are clustered in three general

areas (Area 1) in the immediate vicinity of CMDL since road access and

line power have been available to non NOAA researchers; (Area 2) the area

between CMDL and Central Marsh Creek where intensive research took

place by the Cold Regions Research and Engineering Laboratory researchers

in the 1960s; and (Area 3) the North Meadow Lake site which was occupied

in the 1960s and early 1970s the by University of Washington and CRREL

projects. Area 2 is presesntly occupied by the experiments of the International

Tundra Experiment (ITEX) and the Arctic System Science (ARCSS) grid (1

km Z 1 km) and including the CRREL study area and transect. Area 3 is now

the official location of the Permafrost Observatory and its two 50-m deep

boreholes supported by the International Arctic Research Center (IARC). In

summer 2002, the NASA Bigfoot project established 1-km and 5-km grids

containing 100 vegetation plots and centered in the BEO to the east of Cake

Eater Lake (Area 4). At the same site the San Diego State University

established a tower to measured trace gases supported on site by a wind/

solar/battery power supply.

Other individual research sites and sample locations and plots dating back

to the 1940s are dispersed throughout the BEO. A series of 14 transects are

located along Elson Lagon from Brant Point to Mayoeak Creek to measure

rates of coastal erosion. Approximately 20 air-soil temperature, year round

recorders are positioned across the BEO to measure temperature gradients

During the 1970s an area immediately west of the BEO Cake Eater Road

boundary was occupied by a major international ecological program; the

International Biological Program’s (IBP) Tundra Biome project (Brown et

al. 1980; Hobbie 1980). The sites (Area 5) are bounded on the east and

north by residential property. Most of the area and its research plots and

ponds are unplatted and offer important sites for comparisons of research

results within the BEO and data from the 1970s. These sites were recognized

in the UIC Board’s resolution that established the BEO (see Appendix A).

Also adjacent to the BEO on the east side of Cake Eater Road is a current

series of research projects associated with the snow fence.
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Part III Proposed Uses of the BEO and SRD

Proposed Access Points

Map 10 shows proposed access locations under consideration for the BEO.

The BASC Science Management Committee developed this information.

There are no roads in or into the BEO. Snow machines offer the only off

road access during the snow year. All summer access by researchers is by

foot or helicopter. There are currently three, new land access points under

consideration. The existing limited access from NOAA CMDL is over used

and future research and developments in the BEO are required to find new

access.

The Northwest access point is close to North Meadow Lake research area.

There are plans to construct a road from the rear portion of UIC-NARL

following in a southwesterly direction along the west boundary of the Navy

property on Middle Salt Lagoon, and connecting with the Cake Eater Road.

The approximate alignment of this road is shown on Map 10 (location of the

road was provided by LCMF). The new road is intended to provide an

alternative route for the Beach Road (Stevenson Road, locally known at the

Beach Road) which is periodically eroded by storm events that commonly

occur in late summer and the Fall. This proposed road would provide

convenient access for researchers to the North Meadow Lake area of the

BEO. Presently off road summer access is along the old power line south

from UIC-NARL or along the gravel beach on the east side of Middle Salt

Lagoon. Although this road may not be built in the foreseeable future, once

it is available then a limited access, vehicular trail will be proposed to the

corner of the BEO. This will facilitate further development of a research

facility on the high ground of the North Meadow Lake site and additional

utilization of the lake for aquatic research. Access from the corner point of

the BEO will be either by foot or boardwalk.

The Southwest Access is the best point to establish physical access to and

facilities within the BEO. It is close to Cake Eater Road, as well as natural

gas and electric services. A small gravel pullout was installed along the road

in June 2002, and a power line survey was completed in spring 2002. A

system of boardwalks and protected trails will be established to outlying

field sites.

The Southeastern Access along Gas Well Road is a difficult area for

establishing access. The closest distance from the road to the BEO boundary

is about 750 m as well as crossing very wet terrain. There is limited access

from the Gas Well Road due to the elevated natural gas line (it would require

the addition of an expansion loop to provide access either under or over the

gas line).

Using the more distant KBRW site would require an agreement. Present

planning includes a gravel parking pad along Gas Well Road, a pipe crossing

and trail into the BEO.

Summer access from Elson Lagoon to the BEO is limited to shallow draft

boats. Stationing of small hand-propelled boats along the three sloughs and

small foot bridges across the narrow part of the sloughs will greatly facilitate

foot access from the east; particularly when helicopters are not available.

Larger boat access to the Elson Lagoon Research Area can be launched

from the present Niksiuraq boat harbor.
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Proposed BEO Facilities

Map 10 indicates three facilities proposed within the BEO, one at North

Meadow Lake (NML), one at the Southwest access to the BEO (known as

the Cake Eater Road facility) and one at the Southeast access. The Cake

Eater facility would be undertaken first, based on available resources.

The Cake Eater Road facility is proposed to be a year-round multipurpose

science and field laboratory complex. It is proposed to locate a multi-purpose

building (approximately 15 Z 15 meters) on piles or blocks near the BEO

corner on the high centered polygon area. The building will be used for field

research, communication and data access, and educational purposes. Year-

round power would be provided from an extension of the Gas Field power

line. The pole line has been surveyed to the existing pullout and building site.

The North Meadow Lake (NML) facility as envisioned here would be on an

existing research site that was occupied year round in the 1960s for pioneering

research on micrometeorology, atmospheric chemistry and tundra thermal

regimes (Kelley and Weaver, 1969). A building approximately 10 Z 10 m

would be placed on piles or blocks and used for field studies and

communication. Year-round power would be supplied via the existing power

line or by portable power generators.

Future development of the Southeast site includes a small building (5 Z 5 m)

placed at the entrance of the BEO for shelter, equipment, and wireless

communication.

Other small temporary small buildings (3 Z 4 m) would be deployed within

the BEO for specific short-term projects to provide shelter for personnel and

equipment.

Ultimately wireless data transmission would service all sites within the BEO.

This would include WebCam monitoring systems to provide real-time visual

and data access.

Establishment of all facilities will require consultation with the USFWS to

ensure that activities and facility placement do not impede Steller’s Eider

productivity in the area. Both the NML and Cake Eater sites occupy high

ground and are presumably less preferable as nesting and feeding areas.

Scientific Uses of the BEO

The BEO and surrounding lands and waters have provided the locations for

research over the past half century (Norton 2001). These studies varied from

single plants and animals to complex experiments and long-term monitoring.

We foresee continuing research using advanced data collection and

transmission capabilities. The exact locations of study sites cannot be forecast

in advance; but will depend on the scientific questions to be studied, access

and site charateristics. The following categories of investigation represent

the principal future uses of the BEO.

Process and Experimentation (manipulations): Studies of undisturbed

ecosystems and plant populations accompanied by controlled manipulations

to improve our understanding of ecosystem function and allow for forecasts

of future states under different environmental conditions. Small mammal

exclosures and tundra fertilization experiments date back to the 1950s. The

current BEO ITEX project is an example of plant response to experimental

warming (Hollister and Webber 2000). The water table manipulation study

by Oechel and the snow fence experiments by Hinkel are other examples.
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Population Biology and Biodiversity: Studies of fish, birds and small mammal

populations are ideally suited to the relatively undisturbed tundra and adjacent

waters of the BEO. These studies include changes in species diversity and

density, controls of breeding success of birds, year-round studies of small

mammals, and experimental studies of captive animals. Included is the need

for wader/shorebird studies as there is a significant history of shorebird

research in the Barrow area. Research on the biodiversity of the BEO fauna

and flora provides a baseline against which to compare future changes.

Environmental Monitoring: In order to establish and interpret changes in a

relatively undisturbed ecosystem, repetitive and reproducible measurements

are required over long periods of time. Numerous parameters, measured

over variable spatial and temporal scales, are amenable to the establishment

of such time series. These include among others: first occurrence of ice and

snow cover, melt and runoff; phenological events associated with plants

and animals; coastal and lake erosion; permafrost temperatures; thickness

of snow cover and active layer thaw; soil moisture; and contaminant

concentrations in flora, fauna, air, soil, snow, ice and water. The NOAA

CMDL and ARM monitoring programs exemplify the value of long-term

atmospheric measurements. Similar long-term observations on terrestrial,

fresh water and marine ecosystems are required.

As an example of a new monitoring program a permafrost-climate

observatory was established at the North Meadow Lake site during spring

and summer 2002 with support from the International Arctic Research Center

(IARC). Observations are measured and recorded year round for above-

ground climate and soil and ground temperature to a depth of 50 meters and

compared with measurements made in the 1950s.

Elson Lagoon Research Area

Research in the Elson Lagoon Research Area requires platforms for sampling

ice, water, and underlying sediments, and buoys or fixed stations to monitor

waves, water levels and other marine measurements. Boats of various sizes

would be employed during the ice-free season. Fixed, moored platforms for

seasonal or year-round measurements may be deployed. Locations will be

well marked and avoid local boat traffic. Sampling and drilling from the ice

cover are used in winter, with access by snow machines or other tracked

equipment. Reinstallation of the early 1960s tide gauge in the vicinity of

Plover Island is required.
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Part IV The Master Plan

Master Plan Process

The BEO Master Plan is intended to document the existing conditions that

may limit or enhance current or future scientific research efforts. As with

any master plan and especially to fully utilize the master plan permit by the

NSB, an effort was undertaken to document what future uses of the BEO

should be anticipated.

Planning Future Use of the BEO - The Interest Questionnaire

A series of questions were developed to determine what additional uses of

land the Master Plan should contain in order to provide the most compre-

hensive plan possible for consideration by the NSB. The Barrow Environ-

mental Observatory User Interest Questionnaire was developed and sent to

approximately 160 arctic researchers and associates. Of the 160 sent out,

we received 22 responses, 95% of whom were either past or present re-

searcher in the Barrow area. The respondent’s research experience started

in the late 1950s. Climate change was the highest priority area of research

interest by the respondents. A copy of this questionnaire, and the tabulation

of responses are contained in the attached Appendix C.

Researchers identified special needs for improved access (by 4-wheeler,

boat and foot) to the BEO, followed by the need for electric power (at least

2 KW), shelter where researchers may be protected from the weather, and

communications (at least 756 kbps) for telephone, wireless and data trans-

mission. There was interest expressed in preserving older sites such as the

International Biome Project (IBP), the U.S. Army Corps of Engineers’ Cold

Regions Research and Engineering Laboratory (CRREL) plots, and the ac-

tive International Tundra Experiment (ITEX) sites and Arctic System Sci-

ence (ARCSS) grid because of the importance they may have in future cli-

mate change investigations. Old weasel trails made by NARL researchers

were also of interest because of the impact on vegetation and caribou be-

havior and recovery. Many researchers indicated the BEO should be main-

tained with minimal impacts on its environment. In summary, three items

came through very clearly for improving research opportunities in the BEO:

•the need to make improved access,

•the need to provide shelter with a reliable power supply, and

•the need to provide significantly better communications with high speed

data transmission capabilities.

Boardwalks and Protected Trails

Methods of improving access and diminishing impacts to the tundra where

use is intense would be the installation of boardwalks and other protective

materials. Some boardwalks could be built wide enough for a 4-wheeler

(approximately 1.5 meters in width would be needed) to drive on and could

also contain all weather electric outlets connected by power conduit to a

power source. This type of constructed access could be built in a modular

fashion (in 5- or 10-meter sections) and placed on broad-based skids or

placed on pilings, depending upon the terrain covered. Other commercially

available fabrics and materials can be employed to protect the tundra from

human impacts.

Field Facilities with Power

It is clear there is a need for both fixed and small mobile facilities based on

this interest survey. Modular structures on skids could be constructed in

Barrow or procured commercially and towed in the winter to their intended
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sites of use. Portable power plants are available now that would meet the

low emissions requirement of many researchers. Small wind/solar/battery

power supplies would be ideal in most cases and are readily available. There

are also fuel cell power plants that release almost no emissions.

Communications

High-speed data transmission would be required from permanent facilities.

Currently the only viable solution for high-speed data transmission in Bar-

row is by T1 lines or better connection via satellite.

Communications and data transmission can be provided by installing a dig-

ital cellular or wireless network that covers the BEO in its entirety. This is

also needed for emergency communications for the safety of researchers.

Currently there is limited cellular telephone coverage of the BEO.

Site Analysis

The Master Plan is based on a site analysis, identifying areas where devel-

opment should occur, where seasonal use is recommended, and where es-

sentially limited use is recommended. The site analysis uses all data layers

previously discussed and assigns land use values for scientific research pur-

poses (Map 11).

The analysis identified three distinct land types to be used for the purpose of

classifying land uses:

* Land subject to periodic use based on sensitive environmental consid-

erations such as the presence of nesting Steller’s Eiders. In most cases

these areas are not likely to be suited to the placement of buildings,

either temporary or permanent;

* Land suitable for year-round use, but still considered environmentally

sensitive based on concerns about damage to the tundra from any kind

of mechanized traffic and susceptibility of slopes to riverine and coastal

erosion. These areas may tolerate movement of temporary buildings

or structures only during the fall and winter months when the frost

depth has reached 12 inches or more below the tundra and there is at

least 12 inches of snow covering the tundra; and

* Land suitable for year-round use, but still moderately susceptible to

tundra damage. These areas can likely tolerate vehicular traffic during

the winter with at least six inches of snow covering the tundra and

very limited, summer-time traffic in late July and August. Permanent

buildings would be best located on this type of land.

Master Plan

The Master Plan Map 11 shows all current and future planned uses of the

BEO. Many of the following uses were identified and endorsed in the re-

cently completed report on recommendations for future science facilities in

the Barrow region (BASC 2002). The three classes of land use for research

are symbolically represented as any one site could have multiple uses. As a

project is designed and evaluated the site analysis criteria will be applied

and the optimal location selected according to the following land classi-

fication:

Process and Experimentation (PE) land classification is the most intensive

classification and will occur on those lands where manipulation will have

the least impact on areas important for land values identified for protection

under this plan. Some manipulations may be permitted in less intensive use

areas if the manipulation proposes to use a natural process (such as a storm

event causing erosion or a lake draining because of erosion).
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Population Biology and Biodiversity (PBB) land classification is the next

most intensive classification, however it requires no manipulation or signif-

icant alteration of the land to accomplish. This class of land will be located

where it is likely to have the greatest success (because of land characteris-

tics uniquely associated with a mammal, bird or fish) and will create the

least impact to those areas of the BEO requiring more pristine conditions.

Environmental Monitoring (EM) land classification is the least intensive

classification and is suitable for the most sensitive BEO lands. This class

will likely be on land requiring long-term observation.

Management Considerations

The purpose of the Master Plan is to provide for a NSB permit to develop

BEO access and infrastructure, and to provide researchers with a one stop

approval process for establishing and conducting research. The UIC has

tasked BASC with the management of the BEO. Under the approved Mas-

ter Plan and the establishment of the Science Research District, the BEO

Manager would review project plans and grant approvals for a wide range

of activities taking into consideration all applicable rule and regulations.

The following are the types of activities and infrastructure developments

that would be the BEO Manager’s responsibilities.

Sampling: soil, fauna, flora, water, sediment and shallow permafrost sam-

pling; including placement of and removal of permanent or temporary stakes.

Monitoring installations:

Towers for air and weather

Piles for instrumentation (cameras, video, etc.)

Shallow and deep boreholes for deployment of sensors

Shallow burial of pipe, tubes and other instrumentation

Below snow sampling devices

Experimental manipulations:

Surface and water table modifications on plots to landscape scale

Surface disturbance of vegetation and soils

Construction and placement of semi-permanent objects including: snow

fences, chambers, inclosures, exclosures, etc

Facilities:

Placement of temporary buildings, shelters, and power lines

Trenching and excavating to place equipment and related accessories

including power lines with good practice and/or with zoning employed

outside the BEO.

Development of permanent facilities as described in Master Plan

Walkways: installation of wooden and fabric materials across sensitive

terrain

Posting of signs and other markers.
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REGULAR BOARD MEETING 
AUGUST 25, 1992 

BARROW ENVIRON- Dr. Thomas Albert of the North Slope Borough Department 
MENTAL OBSERVATORY 

a study site around Barrow. One is to set up a site of land 
around NARL with a long history of study and they are here 
because UIC owns the land. He advised the Board that there is 
a lot of interest from the scientific arena to establish a 
study site with the objectives being: year-round access to 
designated and protected land sate, availability of long-
term data sets, location for contaminant baseline monitoring, 
Arctic residents’ involvement in research and education, and 
graduate fellowship program. 

After thorough review of the scientific sites, the area the 
scientists have selected is south of the NOAA Observatory as 
the principle protected area for the BEO. It includes the 
area west of the gas line from North Meadow Lake through 
Central Marsh and the Beach Ridge and across to Elson Lagoon 
and south to Ikpik Lagoon; an area approximately 2 by 3 
miles. The northern portion of the site includes lands already 
held by the federal government. In addition to this site, the 
BEO includes the adjacent ocean, lagoon and overlying 
atmosphere. 

MOTION Delbert Rexford moved to approve the propose Barrow 
Environmental Observatory site and to include the two other 
sites which are the Britton Manor, Voth Creek and adjacent 
IBP study areas. Seconded by Charles Brower. Question called 
for. Motion carried. 

ADJOURNMENT Max Ahgeak moved to adjourn the meeting. Seconded by Charles 
Brower. Question called. Motion carried. 

ment Committee 

BASC Board RESOLUTION 

THEN BE IT

Environmental Observatory (BEO) Management Committee, as follows: 

DUTIES 

The BEO Management Committee, by consensus, or in the event of necessity by majority vote of the 

Committee, shall 

for the protection of research projects on the BEO; 

aimed at making the BEO and its associated infrastructure an attractive location for research pro≠jects; 

on the North Slope and so that researchers are held accountable to making raw and meta data available 

in a timely manner to the North Slope community and to the scientific community; 

COMPOSITION 

The Committee shall be made up as follows, the BASC Board reserving the right to expand or alter the 

Richard Glenn, President, BASC 

Dan Endres, Researcher 

Jerry Brown, Researcher 

Kurt Jacobsen, NSB GIS 

ADOPTED this 16th day of January 1998 by the Board of Directors. 

Appendix A: UIC Board Establishment of BEO 

of Wildlife said he is here to talk a little bit of establishing 

Appendix B: BASC Board’s Resolution Establishing BEO Manage-

Terms of Reference: Barrow Environmental Observatory Management Committee 

WHEREAS the Ukpeagvik Inupiat Corporation (UIC) has charged the Barrow Arctic Science Consortium 

(BASC) with managing the Barrow Environmental Observatory, and 

WHEREAS the National Science Foundation’s Office of Polar Programs (OPP), has entered into a 

Cooperative Agreement with BASC for “Facilitation of Arctic Research in the Barrow Environmental 

Observatory,” 

 RESOLVED that the Board of Directors of BASC hereby establishes a Barrow 

1. Set policy for the proper scientific use of the BEO and for the protection of the BEO as a resource and 

2. Solicit and act upon recommendations for science support activities from the scientific community 

3. Set policy for the sharing of research results by BEO users, so that final products are made available 

4. Specify technical protocols for data sharing; 

5. Identify & prioritize science support activities to be accomplished by BASC or others. 

composition from time to time. Ex officio members shall not vote. 

Bart Ahsogeak, Director, UIC Real Estate Department 

Pat Webber, Researcher 

John Kelley, Researcher 

Michael T. Ledbetter, ex officio, OPP, and Glenn W. Sheehan, ex officio, BASC 
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Appendix C: Questionnaire and Results

Date: August 15, 2001

To: Current and Potential Users of the Barrow Environmental Observatory (BEO)

From: Jerry Brown, Chair, BASC Science Management Committee, and Glenn Sheehan, BASC

Executive Director

Subj.: Important Questionnaire Regarding Current and Future Use of the BEO

Your help is needed to ensure the success of Arctic Research in Barrow!

The Barrow Arctic Science Consortium (BASC) has been working on the development of the

comprehensive Master Plan that accounts for past, present and future use of the BEO (see

attached index map). The area has a scientific history covering a period of more than 50 years

and closely associated with the presence of the former Naval Arctic Research Laboratory

(NARL). The Master Plan process requires us to assess what new research opportunities and

infrastructure can be accommodated in the general area of the BEO. We need your help to

identify those uses of land and facilities that will encourage and improve continued use of the

BEO for research and education. The BEO map shows both terrestrial and marine envi≠ronments.

IIn December 1998, Arctic researchers met in Marshall, California, and developed

recommendations for Barrow area scientific research. The findings of that meeting are presented

in “The Future of an Arctic Resource,” a publication funded by the National Science Foundation

and published by the Arctic Research Consortium of the United States (ARCUS). The report

may be found at www.arcus.org . Among the findings was the recom≠mendation to develop a

Master Plan for the Barrow Environmental Observatory (BEO).

To accomplish the task of developing the Master Plan, BASC has engaged Terratechnika, a

consulting firm in Anchorage, Alaska, owned by Jon Dunham. Mr. Dunham is a former deputy

Planning Director with the North Slope Borough Planning Department and was hired for his

expertise and experience in developing master plans and working with the North Slope Borough,

as well as State and Federal agencies. Please fill out the attached questionnaire and return it by

email or US Mail to:

Terratechnika  7071 Whitehall St.   Anchorage, AK 99502

terratechnika@gci.net

Mr. Dunham will compile and analyze the information in preparation of the BEO Master Plan.
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Barrow Environmental Observatory (BEO)

User Interest Questionnaire

Name:_______________________________________________________________

Institutional affiliation: _________________________________________________

Address: _____________________________________________________________

City: _______________________________________State/Province: ____________

Postal Code: _____________________ Country: _____________________

Tel: _____________________________ Fax: ______________________________

Email: _______________________________________________________________

1. Are you currently conducting research in the Barrow area? ____ yes / ____ no

2. If you have conducted research in the past in the Barrow area, please list the

approximate periods.

3. Briefly describe the nature of research indicated in #2.

4. Please indicate the type(s) of research you have conducted in the Barrow area, or

propose to conduct in the future. Check all that are applicable.

Marine and Coastal Research
____ terrestrial mammals ____ marine mammals ____ birds of prey

____ fish ____ biodiversity ____ anadromous fish

____ ecological investigation ____erosion/sediments ____ geomorphology

____ geothermal ____ permafrost ____ soils

____ hydrology ____ vegetation ____ lichens

____ hydrocarbon ____contaminants/food chain ____ sea/ice

____ geophysics ____ biogeochemistry ____ engineering

____other-describe

Terrestrial and Freshwater Research
____ migratory birds ____ fish ____ invertebrates

____ biodiversity ____ anadromous fish ____ respiration

____ ecological investigation ____erosion/sediments ____ geomorphology

____ geothermal ____ permafrost ____ soils

____ hydrology/snow cover/lake ice ____ vegetation ____ lichens/mosses

____ hydrocarbon ____contaminants/food chain ____ plant respiration

____ vertebrates ____ biogeochemistry ____ engineering

____other-describe

Atmospheric Research
____ climate change ____ engineering ____fluxes (gases,nutrient)

____upper atmosphere ____ respiration ____ biogeochemistry

____ space physics ____atmospheric chemistry ____other-describe

Social Science Research
____ archaeology ____ anthropology ____ traditional/cultural use

____ education ____ other - describe



5. If you are a current or potential user of the BEO or a researcher in the Barrow area,

please mark on the attached map to show locations where you have conducted research

in and around the BEO, and indicate locations where you might conduct research in the

future.

a. Does your research have special needs (e.g. vehicular access, electrical power,

shelter for researchers, etc.)? If so, please list those below.

__________________________________________________________________________________________________________________________________________

_____________________________________________________________________

b. Are there other types of research that you would undertake in the BEO, but

haven’t because of some restriction or limitation? If so, please describe with proposed

locations.

__________________________________________________________________________________________________________________________________________

_____________________________________________________________________

c. Does the research you are conducting require a specific site(s) and long-term

research monitoring (5-10 years)? Please list these sites below.

__________________________________________________________________________________________________________________________________________

_____________________________________________________________________

d. Are there areas in or adjacent to the BEO that require dedicated use to ensure

future viability of your research? If so, please identify those site(s), the area needed and

the specific use.

6. What infrastructure improvements might benefit your potential or current research

on the BEO (e.g. access, power, shelter, etc.)?

__________________________________________________________________________________________________________________________________________

_____________________________________________________________________

7. In your opinion, what conditions are needed to exist to provide advanced technological

research use(s) (e.g. remote power supply, high-speed data trans≠mission, voice/satellite

communications, differential GPS, etc.) in the BEO and surrounding area?

__________________________________________________________________________________________________________________________________________

_____________________________________________________________________

8. What mechanisms would you suggest for sharing data and information about research

conducted in the Barrow area?

__________________________________________________________________________________________________________________________________________

_____________________________________________________________________
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Questionnaire Results 

1. Are you currently conducting research in the Barrow area? 

1 2 3  4  5  6  7  8  9  10 11 12 13 14 15  16  17 18  19  20 21  

Y Y Y Y N Y Y Y Y Y Y Y N Y Y Y Y Y Y N Y 

85.7% of researchers responding are currently conducting research in the Barrow area. 

2.If you have conducted research in the past in the Barrow area, please list the approximate 

periods. 

1  2 3 4 5 6 7  8  9 10           11 

1999- Na* 1900, 1999- Na* 1990- 1993- 1995- 1984, 1997- 1968-

– 1992, present 1994; present present 1986, present 1973; 

2002 2000 1997- 1994- 1975-

& present present 1982, 

2001	 1990-

present 

12 13 14 15 16 17 18 19 20 21 

1972-75; No 1978- 1992- 1974- Na* 

1980s; 1980 present present 

1990-

2000- 1971- 1968- 1992-

present 1978, 1995 present 

1994 to 

present 

*- no answer provided. 

95% of researchers responding are currently conducting research or have 

conducted research in the past in the Barrow area. 

3. Briefly describe the nature of research indicated in #2.

15 of the 21 researchers indicated their research lies in the following areas: 

Landscape Ecology - 40% ; Climate - 13% ; Ice Dynamics - 13% ; Environmental

Contaminants - 13% ; Archeology - 7% ; Animal and Bird Ecology - 7%.
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Marine and Coastal Research 

____ terrestrial mammals ____ marine mammals _1__ birds of prey 

_3__ fish _1__ biodiversity _2__ anadromous fish 

_5__ ecological investigation _1__erosion/sediments _1__ geomorphology 

____ geothermal _2__ permafrost _2__ soils 

_1__ hydrology _2__ vegetation _2__ lichens 

____ hydrocarbon _2__contaminants/food chain _4__ sea/ice 

_2__ geophysics _4__ biogeochemistry _2__ engineering 

_2__other-primary production of ice, water and sea floor; climate and meteorology 

Interest in fields of study from responding researchers are as follows:


high interest areas medium interest areas low interest areas no interest areas


ecological investigations engineering hydrology terrestrial mammals 

sea/ice geophysics biodiversity geothermal 

biogeochemistry other erosion/sediments hydrocarbon 

fish permafrost vegetation marine mammals 

contaminants/food chain birds of prey 

soils geomorphology 

anadromous fish/amphidromous fish 

lichens/mosses 

Terrestrial and Freshwater Research 

_1__ migratory birds _3__ fish ____ invertebrates 

_4__ biodiversity _3__ anadromous fish _1__ respiration 

_9__ ecological investigation ____erosion/sediments _6__ geomorphology 

_1__ geothermal _5__ permafrost _5__ soils 

_4__ hydrology/snow cover/lake ice _5__ vegetation 

_7__ lichens/mosses ____ hydrocarbon _2__contaminants/food chain 

_4__ plant respiration/photosynthesis _1__ vertebrates 

_4__ biogeochemistry _2__ engineering _1__other-effects of global

 warming, vegetation change 



Interest in fields of study from responding researchers are as follows:

high interest areas medium interest areas low interest areas no interest areas

ecological investigation biodiversity vegetation change invertebrates

lichens/mosses hydrology/snow cover/lake ice geothermal erosion/sediments

geomorphology permafrost migratory birds vertebrates

soils respiration hydrocarbon

vegetation engineering

plant respiration/photosynthesis contaminants/food chain

biogeochemistry effects of global warming

fish

anadromous /amphidromous fish

Atmospheric Research

_13_ climate change _2__ engineering _4__ fluxes (gases,nutrient)

_2__ upper atmosphere _3__ respiration _2__ biogeochemistry

_1__ space physics _4__ atmospheric chemistry _3__ other-Climatology-basic meteoro-

logical measurements & studies;

-Atmospheric corrosion research;

-Solar radiation, magnetic, snow

chemistry, atmospheric deposition,

visibility & related studies

Interest in fields of study from responding researchers are as follows:

high interest areas medium interest areas low interest areas no interest areas

climate change* fluxes space physics none

respiration

atmospheric chemistry

other

upper atmosphere

engineering

biogeochemistry

*-highest interest area of this survey

Social Science Research

_1__ archaeology _1__ anthropology _7__ traditional/cultural use

_3__ education ____ other - describe

Interest in fields of study from responding researchers are as follows:

high interest areas medium interest areas low interest areas no interest areas

traditional/cultural use archaeology none none

education anthropology

Areas of research interest are (in order of interest):

1. climate change (atmospheric)

2. ecological investigation (terrestrial and freshwater)

3. lichens/mosses (terrestrial and freshwater)

4. traditional/cultural use(social science)

5. geomorphology (terrestrial and freshwater)

6. soils(terrestrial and freshwater)

7. vegetation(terrestrial and freshwater)

8. permafrost(terrestrial and freshwater)

9. ecological investigation(marine and coastal)

10. sea/ice(marine and coastal)

11. biogeochemistry(marine and coastal)

12. biodiversity (terrestrial and freshwater)

13. hydrology/snow cover/lake ice (terrestrial and freshwater)

14. plant respiration/photosynthesis (terrestrial and freshwater)

15. biogeochemistry (terrestrial and freshwater)

16. atmospheric chemistry (atmospheric)

17. fluxes-gases,nutrient (atmospheric)

18. fish (marine and coastal)

19. fish (terrestrial and freshwater)

20. anadromous fish/amphidromous fish (terrestrial and freshwater)

21. respiration (atmospheric)

22. climatology-basic meteorlogical measurements & studies (atmospheric)

23. education (social science)

24. geophysics (marine and coastal)
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25. primary production of ice, water and seafloor; climate and meteorology (marine and

 coastal)

26. permafrost (marine and coastal)

27. vegetation (marine and coastal)

28. contaminants/food chain (marine and coastal)

29. anadromous fish (marine and coastal)

31. lichens (marine and coastal)

32. engineering (marine and coastal)

33. engineering (terrestrial and freshwater)

34. contaminants/food chain (terrestrial and freshwater)

35. upper atmosphere (atmospheric)

36. engineering (atmospheric)

37. biogeochemistry (atmospheric)

38. hydrology (coastal and marine)

39. biodiversity (coastal and marine)

40. erosion/sediments (coastal and marine)

41. birds of prey (coastal and marine)

42. geomorphology (coastal and marine)

43. migratory birds (terrestrial and freshwater)

44. geothermal (terrestrial and freshwater)

45. respiration (terrestrial and freshwater)

46. vertebrates (terrestrial and freshwater)

47. effects of global warming, vegetation changes (terrestrial and freshwater)

48. space physics (atmospheric)

49. archeology (social science)

50. anthropology (social science)

5. If you are a current or potential user of the BEO or a researcher in the Barrow area,

please mark on the attached map to show locations where you have conducted research

in and around the BEO, and indicate locations where you might conduct research in the

future.

a. Does your research have special needs (e.g. vehicular access, electrical power,

shelter for researchers, etc.)? If so, please list those below.

Special needs identified by researchers

Access

Pedestrian 6%

Vehicular (4-wheeler & snow machine) 26%

Boat with jet drive outboard 10%

Communications - 756 kbps minimum

(Telephone, Wireless & Data Transmission) 16%

Shelter 18%

Electrical power (2 kw minimum) 18%

Radar 2%

DGPS 2%

Security for towers 2%

b. Are there other types of research that you would undertake in the BEO, but

haven’t because of some restriction or limitation? If so, please describe with proposed

locations.

1 talked about doing river-based research which might require a bigger boat and a

means to get through thick ice.

2 na.

3 na.

4 would like to undertake more spatially extensive analysis of the controls in carbon

exchange in the BEO region. Access, time and resources (human and financial)

remain key limitations for this work.

5 na.

6 wireless communications would resolve many of the problems with respect to

our limitations. Power is another large problem but is likely a difficult one to

resolve for all of the BEO.

7 none.

8 None. There is a need to do more manipulative types of research. The BEO may

not be the best place for this type of research. Should be a provision to do this in

the BEO.... should be well documented and diminish over time.
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9	 I’d like to map the archaeological sites, both precontact and postcontact, including 

those from the science itself. The limiting factor so far has been time and money. 

10 no. 

11 na. 

12 Education shelter for outreach with computers and links to near real time data 

from throughout the arctic highlighting NSF research in Barrow, the Alaskan 

arctic, and throughout the arctic (e.g. Russia, Svalbard, Greenland, etc. with 

comparisons to the Antarctic and elsewhere on the planet). Lack of helicopter 

support has limited our ability to test aircraft flux transects and to investigate 

“hot spots” of sink and source activity. A hangar would increase our productivity 

and extend our season. Communications in the field at Atqasuk would improve 

our data communication and “upt ime.” High speed internet communication 

would improve our productivity. Lack of boardwalks, elec≠tricity and wireless 

backbone for communications is a major limitation for continuing and expanding 

our research. Lack of vehicles for short term use (not an all day rental) is a 

limitation. 

13 Without power can not locate equipment in the BEO.

14 Atmospheric corrosion. One near beach and one at BEO.

15 na.

16 The map shows access to the BEO across the southern perimeter of the CMDL


Baseline Station property. This infers crossing the protected area of CMDL. There 

is no road or path there at present nor will there be allowed one in the future. 

There are tundra experimental plots and data lines crossing the area south of the 

observatory. Foot traffic is not even allowed to cross this area for these reasons. 

Please remove that phantom access point from the map before it is taken as being 

real 

17	 na. 

18	 None. There is a need to do more manipulative types of research. The BEO may 

not be the best place for this type of research. Should be a provision to do this in 

the BEO....should be well documented and diminish over time. 

19	 None. There is a need to do more manipulative types of research. The BEO may 

not be the best place for this type of research. Should be a provision to do this in 

the BEO... should be well documented and diminish over time. 

20	 na. 
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c. Does the research you are conducting require a specific site(s) and long-term

research monitoring (5–10 years)? Please list these sites below. 

1 Not specifically—except to be working where native people fish. 

2 We would like to occupy a small number of sites on the sea/lagoon/lake ice over 

a longer period (depends also on funding) to continue a 3-year record available 

so far. Because these sites are located in the seasonal ice, there is no special 

requirement other than that they not be disturbed once the ice has formed. We 

would like to occupy a small number of sites on the sea/lagoon/lake ice over a 

longer period (depends also on funding) to continue a 3-year record available so 

far. Because these sites are located in the seasonal ice, there is no special 

requirement other than that they not be disturbed once the ice has formed. 

3 Ikoravik Lake.

4 Ideally would continue long-term monitoring at present site indefinitely. This


work is linked to the flux towers run by SDSU (Oechel and company). 

5 na.  

6 We presently have a long-term research site just south of the CMDL, an eddy 

covariance tower. It has both power and communication and we anticipate running 

it for 510 years in the future (it has been running since 1998). In the future, 

additional long-term sites may decided upon by groups of researchers but presently 

has not been done except possibly the ARCSS grid and any thaw grids that may 

have been laid out. I suspect other researchers do have specific sites that they 

hope to use for long-term research. 

7	 The ARCSS grid and the snow fence along Cakeeater Rd. 

8 Plant ecology is very site specific. ITEX, former CRREL sites, all former 

disturbances such as old roads. Caribou following old cat trails was an example 

of landscape change that also changed animal behavior. 

9 It requires that existing sites not be destroyed by other researchers prior to their 

being identified and recorded or excavated (for precontact sites). 

10	 Primarily the ARCSS grid and CRREL Plots, but we’ve also established some 

new sites as indicated on the 2nd map. In addition, I would urge that older sites 

be preserved as we’ve had some very interesting work result from occu≠pying 

the CRREL plots and comparing past and present measurements. 

11	 Potentially for Elson Lagoon. 



12	 All of our tower work is intended to be long-term (central marsh, NOAA tower

sites). Would like to do long-term FACE elevated CO2 research on the BEO.

Will need boardwalk, power, access to the natural gas pipeline.


13	 Long-term (> 11 years). 

14	 Atmospheric corrosion test sites. 

15	 na. 

16	 na. 

17	 na. 

18	 Plant ecology is very site specific. ITEX, former CRREL sites, all former

disturbances such as old roads. Caribou following old cat trails was an example

of landscape change that also changed animal behavior.


19	 Plant ecology is very site specific. ITEX, former CRREL sites, all former

disturbances such as old roads. Caribou following old cat trails was an example

of landscape change that also changed animal behavior.


20	 There are a few good locations in the lagoon where one can collect oriented sea

ice.


21	 na. 

d. Are there areas in or adjacent to the BEO that require dedicated use to ensure 

future viability of your research? If so, please identify those site(s), the area needed and 

the specific use. 

1 na.  

2 na.  

3 na.  

4 Currently, a flight line from the BEO region to Atqasuk is part of our study region 

(SDSU Sky Arrow Transect). 

5 na.  

6 None to list at present time. 

7 No.  

8 See #5c 

9 No. There are some I’d like to see protected, but I can still do research without 

them. 
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10	 If by dedicated use you mean that we could limit access and use of the area 

surrounding our sites to undisruptive, low impact scientific use, then I would 

answer yes. Some protection for what is left of the IBP site would be wonderful 

as well. 

11 na.

12 IBP site 2 is critical to our long-term data base. IBP site 2 must be protected for


the long haul with sufficient surrounding area to protect the integrity of the site. 

13 na. 

14 na. 

15 na. 

16 na. 

17 na. 

18 see #5c 

19 see #5c 

20 na. 

21 na. 

6. What infrastructure improvements might benefit your potential or current research 

on the BEO (e.g. access, power, shelter, etc.)? 

1 Reliable freezer space, clean room for storage and processing samples. 

2 A  wireless network for data transmission to a central storage/interneta c c e s s .  

Site; power on one of the barrier islands to run out to the lagoon and Beaufort 

fast ice. 

3 na.  

4 Improved access, power station (outlets for power or for charging equipment) & 

limited shelter could all help. Improved boardwalk access and small vehicles 

could be a big help. 

5	 Running sea water is most essential for marine ecological studies! Secondly, 

outdoor huts with power supply, indoor and outdoor aquaria of various sizes (up 

to 10 cubic meters) 

6	 Definitely access, power, communication and shelter would increase our use of 

the BEO. 

7 None. Just keep the sites and BEO as pristine as possible. 



8 Shelter, power and a new access road. A trail or boardwalk system for alternative

access and to protect the tundra. Try to use old roads when available. Low impact

tires on four-wheelers.

9 Good 4-wheeler access (perhaps on boardwalks following some existing cat trails)

and some type of shelters.

10 Access might be helpful in terms of parking spaces along the road. However, I

think that any further development should be extremely limited in scope and

restricted to areas directly adjacent to the road, whether it is at the Southwest

Access or the CMDL.

11 na.

12 Electrical power, wireless backbone, communications, security, protection for

equipment and towers. High speed data communication from field and lab.

We have two major new initiatives that we would like to propose.

1. Large scale alteration of water table by flooding drained lake basins and draining

current lakes. By manipulating the water table on the landscape level, we can

confirm the effects of changes in the water table on the ecosystem function. Since

lakes have a gradient in elevation, we will have a gradient in water table

manipulation to work with. This could be combined with subplots of other factor

manipulations.

2. State of the art CO
2
, temperature, water table, nutrient manipulations. Provision

of boardwalks, wireless backbone and natural gas line and electrical power, in

the southern part of the BEO could open the opportunity for a world class

experiments on the impacts of interaction of factors on the structure, function,

CO
2
 balance, and CH

4
 balance, and energy balance. The natural gas would be

combusted to provide CO
2
 for elevated CO

2
 mini FACE experi≠ments, and heat

for warming experiments. Electrical power would be used for instruments and

communication to the wireless experiments. We would be able to do CO
2
 X water

table X temperature X nutrient manipulations.

13 Road access, power, a building for our equipment and communications.

14 Pilot scale laboratory to work on processes and products.

15 Access, power and shelter.

16 na.

17 na.

18 Shelter, power and a new access road. A trail or boardwalk system for alternative

access and to protect the tundra. Try to use old roads when available. Low impact

tires on four-wheelers.

19 Shelter, power and a new access road. A trail or boardwalk system for alternative

access and to protect the tundra. Try to use old roads when avail≠able. Low

impact tires on four-wheelers.

20 Need upgrade on the cold rooms & more heated laboratory space.

21 na.

7. In your opinion, what conditions are needed to exist to provide advanced technological

research use(s) (e.g. remote power supply, high-speed data transmis≠sion, voice/satellite

communications, differential GPS, etc.) in the BEO and sur≠rounding area?

1 The following are essential: GPS, availability to GIS maps, voice/satellite phone,

better internet access in Barrow, availability of long-term weather data, and

logistics coordination.

2 Wireless, highspeed data transmission between remote sites and hub in Barrow;

reliable mediumto highspeed data transmission (i.e., anything better than what’s

currently offered); DGPS, set/small network of automatic weather stations to

provide surface meteorological conditions in this complex coastal area

3 Better internet access (faster, more stable), DGPS

4 All of the items listed above would be useful. If I manage to continue to my

monitoring studies, they would benefit from some form of radio link to a base

station & a high speed data link to distant sites (e.g. So. Calif.) In general, the

limited communications speed and bandwidth in & out of Barrow is a big

restriction. Improved access to base resources (radios, phones, vehicles, etc.) for

non-NSF-funded projects would also help.

5 Access to internet libraries.

6 Remote power supply and high-speed data transmission.

7 High-speed data transmission, differential GPS.

8 T1 line, real time satellite link, wireless network around the NARL complex and

all of the BEO, full time year-round differential GPS.

9 DGPS would be really good. Usable remote power supplies would be helpful

too.
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10 DGPS would dramatically improve the quality of some of the research we are

trying to do on soil heave, and the resolution of all of our other projects. I think

that the cell phones and radios that have been available the last few years are a

wonderful safety measure. Highspeed data transfer would allow us to develop

some new research projects that are simply not currently feasible.

11 DGPS, radar, improved data transmission.

12 Remote power (fuel cells, small nuclear generators). High speed wireless backbone

for data communication. Helicopter support. Skilled technicians for winter support.

13 Of the utmost importance is power and reasonable communications.

14 na.

15 DGPS& satellite communications.

16 In the interests of maintaining the integrity of the atmospheric and radiative

measurements at the CMDL site, the further south and east from the CMDL site

that BEO development occurs, the better it will be for maintaining the pristine

nature of the CMDL site.

17 na.

18 T1 line, real time satellite link, wireless network around the NARL complex and

all of the BEO, full time year-round differential GPS.

19 T1 line, real time satellite link, wireless network around the NARL complex and

all of the BEO, full time year-round differential GPS.

20 All of the above would be useful.

21 na.

8. What mechanisms would you suggest for sharing data and information about research

conducted in the Barrow area?

1 Internet, real time data if available.

2 While a Barrow area research web site might be helpful to just point people in

the right direction and provide information on goings on, other projects etc.,

ultimately the data collected in Barrow need to be integrated into the existing

data base infrastructure (i.e., NSF ARCSS or NSIDC data bases). Also, a

searchable project title and publication data base would be useful for a lot of

people. Finally, integration of data sets into a GIS (with appropriate links to the

other sources of information referred to above would be important).

3 Standing time/place for researchers in town to tell about their work to the

community.

4 Some kind of BEO-based database (data archiving facility, web-based) would be

a big help in making basic info available and providing a foundation for integrating

multiple data sets (would embrace interdisciplinary research).

5 Library and reports of ongoing projects at Barrow; Collection of publications

dealing with Barrow area; One Barrow science web page with links to more or

less all projects.

6 Definitely a web page would be most useful to other and me in my opinion. This

could accommodate data, maps and documents to be downloaded as well as

databases on past research, ongoing activity and planned activity.

7 Web site

8 BASC should have reference where all of the metadata is stored, but should not

be a repository for data.

9 Try to get a functional library in the new building and lean on people to deposit

their publications, use the Web to list projects (perhaps expand the BEO database

Michigan State is working on) and set up links to the projects’ sites (if they exist)

and to whatever data center the project data winds up in, continue BASC talks

and try to encourage researchers to attend each others, keep up the poster display

and make sure there’s lots of room for that in the new building.

10 The BASC web site would be a great place to house links to other web pages

belonging to the individual research projects. I don’t know that it needs to store

the data itself, as much NSF-funded data is required to be archived, whether

through the NSIDC, or some other facility.

11 A quarterly newsletter, paper and electronic forms, published by BASC data. A

data-sharing policy similar to NASA’s should be developed. There should be

copies of all reprints for work done at Barrow and on the BEO available at Barrow.

Where possible, PDF versions should be posted on-line in a database.

There should be GIS database for commonly needed information, available by

ArcView or newer interactive programs. These data layers should include photos,

DEMs, remotely sensed imagery including NDVI, SAR, IKONOS, etc. Where

datais not being reported elsewhere, it should be made available through a BEO

server. Ancillary data should also be provided for the region (e.g. from the CMDL).
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13 The best forum is an annual meeting to present recent results and current research.

14 For greater/broader contacts I suggest you start working with engineering societies

and associations such as ASME, ASCE, NACE, etc. Have people attend their

meetings, present relevant papers etc. Work their research committees.

15 Central Data depository.

16 CMDL prints a semiannual report covering all research conducted at the CMDL

site and puts similar information on the web under www.cmdl.noaa.gov. This

appears to be a good way to share information.

17 na.

18 BASC should have reference where all of the metadata is stored, but should not

be a repository for data.

19 BASC should have reference where all of the metadata is stored, but should not

be a repository for data.

20 Authors should publish their results in qualified journals (reviewed).

21 na.
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