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Summary 

UNAVCO provides support for scientific applications of the Global Positioning System (GPS) to the National 
Science Foundation’s Office of Polar Programs (NSF/OPP) Arctic Sciences Section. This support includes 
pre-deployment planning, field support, and post-deployment follow-up for a number of Arctic projects on a 
year-round basis. A full range of project support services are available, including GPS equipment, training, 
project planning, field support, proposal assistance, technical consultation, data processing, and data 
archiving. Permanent station support is also available, from the initial engineering and installations through 
operations and maintenance. Development, system engineering, and testing are ongoing activities to meet 
the technical challenges such as providing telemetry and power systems at remote high-latitude locations. 

Nine Principal Investigator based projects encompassing a range of applications were supported during 
2004 (Figure 1). UNAVCO also purchased and installed a differential GPS/real-time kinematic (RTK) 
surveying system at the Toolik Field Station, and performed on-site maintenance and training for continued 
use of the differential GPS surveying system at the Barrow Arctic Science Consortium facility in Barrow, 
Alaska. Table 1 summarizes projects using UNAVCO support, and Appendix A provides more detailed 
discussions of individual projects supported. The UNAVCO web site (www.unavco.org) provides 
comprehensive and historical information related to Polar Programs support. 

 

Figure 1 – NSF-OPP Arctic projects supported in 2004. 
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Table 1 – 2004 UNAVCO Support Provided 

Project Point of Contact Eqp. 
Loan 

Field 
Support 

Training Data 
Archived  

Data 
processed  

Barrow DGPS Glenn Sheehan No Yes Yes N/A N/A 
Barrow Erosion Leanne Lestak No No Yes No No 
Bench Glacier Tad Pfeffer Yes No No Yes No 
Columbia Glacier Tad Pfeffer Yes No No Yes No 
Greenland Petermann Gl. Konrad Steffen Yes No No No No 
Iceland Breidamerkurjokull Slawek Tulaczyk Yes No No No No 
Kuparuk Permafrost Frederick Nelson Yes No Yes Yes No 
McCall Glacier Matt Nolan Yes Yes Yes Yes Yes 
South Greenland Ice Sheet Joe McConnell Yes No No Yes No 
Taku Glacier Martin Truffer Yes No No Yes No 
Toolik Lake DGPS Andrew Balser No Yes Yes N/A N/A 
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Science Support 

Training 

UNAVCO offers flexible options for field team training, including 
training before deployment to the field, training in the field, and 
direct field engineering support during the project. The level of 
training is tailored to the experience of each research group. 
DGPS system training was provided in Barrow to Michigan State 
University undergraduate research assistants Heather Ashoff and 
Marcus Sadak, and at Toolik Field Station to GIS manager 
Andrew Balser (Figure 2). Training was also provided at 
UNAVCO to Leanne Lestak (Barrow Erosion), at the University of 
Delaware to Fritz Nelson (Kuparuk Permafrost), and in the field to 
Matt Nolan (McCall Glacier).  A general, open GPS training 
course was also held at UNAVCO in March 2004 and was 
attended by members of the Polar research community. 

Figure 2 – Toolik Field Station GIS manager Andrew Balser during a demonstration of the just installed RTK GPS survey 
system. 

Field Support 

UNAVCO provides remote engineering support to Arctic research 
projects via telephone, email, and documentation on the web. Field 
support is also available to groups that desire technical support for 
their geodetic GPS surveys. Direct field support was provided for 
Barrow DGPS system maintenance, the Toolik Field Station DGPS 
system installation, and for the McCall Glacier project (Figure 3). 

 

Figure 3 – Glaciologist Erin Pettit and UNAVCO engineer Beth Bartel 
perform a mass balance survey on McCall Glacier in the Alaska Brooks 
Range. 

Data Processing 

Post-processing of differential GPS data is required to achieve centimeter level precision. UNAVCO 
supports data processing in the field using Trimble Geomatics Office (TGO) software. Post-season data 
processing support is also provided, using TGO software, the NASA - Jet Propulsion Laboratory (JPL) Auto-
GIPSY on-line data processing service, and advanced post-processing techniques for problem data sets. 
This season data processing support was provided to the McCall Glacier project. 

Data Archiving 

All GPS data handled by UNAVCO are archived at the Boulder archive to ensure data safeguarding and 
future accessibility. The data are sorted by project name and year. UNAVCO archiving services are 
available to all NSF sponsored geodetic GPS projects, not just those directly supported by UNAVCO, and all 
investigators are encouraged to archive their data immediately after project completion.  
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Equipment  

Science Pool 

UNAVCO provides GPS equipment for geodetic surveying, mapping, and permanent station applications. 
Two new state-of-the-art Trimble R7 geodetic survey receivers and a Trimble NetRS reference station 
receiver were purchased, for a total of seven NSF-OPP Arctic Sciences receivers in the UNAVCO pool. 
Twelve additional receivers from the UNAVCO pool were provided for project support throughout the field 
season to meet high-precision GPS demands from the Arctic research community, including long term 
continuous data collection. All necessary ancillary equipment such as data processing software, solar 
panels, batteries, chargers, tribrachs, tripods, and cables was also provided.  

Technology development 

Scientific interest in long term data collection and permanent stations in polar regions continues to grow as a 
tool for both glaciology and solid earth deformation research. Providing reliable power and communications 
for such sites is of great interest both to ensure the desired data are collected and to minimize logistical 
support expenses. UNAVCO is pursuing a standardized, robust approach for both Arctic and Antarctic 
applications, with relevant technical information consolidated in a new section on the UNAVCO Polar web 
page. Where applicable, manufacturing designs for the EarthScope/Plate Boundary Observatory (PBO) are 
used or modified for Polar specific needs. Much of the recent development was driven by Antarctic program 
needs, and it is highlighted here as it is anticipated to have a high degree of crossover for future Arctic 
applications. 

The current state-of-the-art reference station GPS receivers, such as the 
Trimble NetRS (Figure 4), are designed to communicate using standard 
internet protocols such as http and ftp for both receiver control and data 
retrieval. At locations such as field camps where 24/7 internet access is 
standard, establishing a communication link to the receiver is as simple as 
negotiating local firewall access. However, more remote locations continue to 
pose communication challenges that are addressed with different strategies: 

Figure 4 – Ethernet enabled GPS reference station receiver. 

1. Bring the internet to the remote site. When practical, line-of-sight “Ethernet bridge” radio modems 
and repeaters can be set up to link remote GPS sites to infrastructure in the general vicinity. For 
example, UNAVCO recently set up a repeater on Mt. Erebus, Antarctica that uses Intuicom radios to 
provide internet connectivity to GPS stations in the Transantarctic Mountains that are visible from Mt. 
Erebus (Figure 5). 

 
Figure 5 – Ethernet bridge communication testing, Mt. Erebus repeater, and Transantarctic Mountains GPS site. 
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2. Use satellite communications. For the most remote sites, satellite 
communications provide the most practical means for data retrieval. 
Commercial VSAT solutions can be used at remote locations within the 
VSAT provider’s footprint and are used at several locations in the PBO 
network. UNAVCO is also testing the Iridium satellite system (Figure 6) 
for the most remote locations where VSAT coverage is either not 
available or not practical due to power requirements. A system is 
currently set up in Boulder for development and evaluation. 

 Figure 6 – Bench testing Iridium satellite data modems. 

Two Antarctic GPS stations were recently upgraded with NetRS receivers and Ethernet bridge radio links for 
better year-round operation. The engineering and physical upgrades were performed by UNAVCO 
engineers, and the daily GPS data files are transferred directly to the UNAVCO archive from sites on Mt. 
Erebus and in the Transantarctic Mountains. A third system, using Iridium communications, is slated for 
deployment in Antarctica in January 2005.  

Other initiatives are also in progress to facilitate component testing and 
system integration for extreme environments. UNAVCO is purchasing an 
environmental chamber that will allow components to be tested at 
temperatures as low as -70°C, and a real world test site is being set up at the 
University of Colorado Mountain Research Station facility at Niwot Ridge on 
the continental divide (Figure 7). This site is subject to extreme winds, 
spindrift, and rime icing. University of Colorado infrastructure at the site 
provides current and historical meteorological data, a web camera, and 
internet access, making it an ideal ‘back-yard’ test site for Polar technology. 

 

Figure 7 – Niwot Ridge ‘back-yard’ test site near Boulder. 

Barrow Differential GPS System 

A Trimble 5700 real-time kinematic (RTK) differential GPS (DGPS) system is available for dedicated use at 
the Barrow Arctic Science Consortium (BASC) to meet the surveying needs of researchers working at 
BASC. RTK broadcasts provide real-time surveying capability within a seven kilometer radius of BASC, and 
a portable repeater is available to ensure line-of-sight radio coverage for RTK work within the Barrow 
Environmental Observatory (BEO). A dedicated GPS data processing computer is set up at the BASC 
facility, and by collecting and post-processing data, centimeter-level accuracy can be realized over 100 
kilometers away from the Barrow base station, including the  Atqasuk research sites.  

UNAVCO is available for year-round technical support to users of this system, while BASC provides the day 
to day operational support including equipment scheduling, equipment issue, and local technical support. 
Users who intend to use the system for a significant amount of field surveying are strongly encouraged to 
arrange for training at the UNAVCO Facility prior to their field season.  
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Jim Greenberg from UNAVCO visited Barrow in late May to 
both upgrade the SuomiNet station at the NOAA Climate 
Monitoring and Diagnostics Laboratory (CMDL) facility to 
EarthScope standards (Figure 8), and to support the DGPS 
system at BASC. On-site training was provided to Michigan 
State University undergraduate research assistants Heather 
Aschoff and Marcus Sadak. These students were tasked to 
manage the equipment during the summer; they supported 
over 30 individual project requests for survey data collection 
and provided system training. ‘Opportunity’ training was also 
provided to other researchers in Barrow that were interested in 
using the system. 

Figure 8 – Survey tie in support of upgrading the Barrow SuomiNet GPS site to EarthScope standards. 

 

Toolik Lake Differential GPS System 

A Trimble 5700 real-time kinematic (RTK) differential GPS (DGPS) system (Figure 9) is available for 
dedicated use at the Toolik Field Station to meet the surveying needs of researchers working in the vicinity 
of Toolik Lake on the north side of Alaska’s Brooks Range. The real-time capability increases the system 
versatility in proximity of the station (for example it allows for stakeouts of pre-determined points), while the 
post-processing capability using Trimble Geomatics Office software extends the system radius to over 
100km from the station.  

 
Figure 9 – Toolik Field Station DGPS base antenna (left) and rover survey unit (right). 
 

Bjorn Johns from UNAVCO provided field engineering support and training to install the RTK/DGPS real-
time survey system. The Trimble 5700 system hardware and software are similar to that in use in Barrow, 
and the commonality will benefit researchers who work in both locations. This system consists of base and 
rover GPS receivers, a radio transmitter for differential corrections, and a base station computer for data 
management. The base supports both survey grade and mapping/GIS grade equipment. The bulk of the 
technical support, system maintenance, and promoting the system to the science community is handled by 
the Toolik Field Station GIS staff, while UNAVCO is available to provide backup support and specific 
training. A dedicated web page provides specific system and support information. 

 

 



 

UNAVCO 2004 NSF-OPP-Arctic Report 
9

 

The Toolik Lake field study area has a long history of science research, primarily in biology, ecology, and 
hydrology. Science applications of the new GPS system include topographic surveys of watersheds, 
measuring stream channel transects, and obtaining ground control points to be used with remote imagery. 
Survey grade data are also irreplaceable as a means of preserving the value of legacy field data collected 
as they are incorporated in a comprehensive GIS dataset. The survey grade datasets act as an archive of 
locations so that these same research plots can be identified at any time in the future, even after 
conventional plot markers like pin flags and stakes have been removed or destroyed.  The data also 
ensures that future investigators can reuse these sites long after current projects are concluded.  

The system will also be used for facility planning and monitoring.  The capacity to easily re-survey the station 
facilities, which are under constant construction and renovation, allows for better planning and 
communication among station management, agency representatives and contractors.   
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Appendix A - Detailed Summary of Support Provided 

Barrow DGPS (Glenn Sheehan – Barrow Arctic Science Consortium)  

A Trimble 5700 real-time kinematic (RTK) differential GPS (DGPS) system is available for dedicated use at 
the Barrow Arctic Science Consortium (BASC) to meet the surveying needs of researchers working at 
BASC. To ensure the continued success of the Barrow system to local science users, UNAVCO schedules 
an annual maintenance/training visit, usually in conjunction with related specific project requests. This year, 
Jim Greenberg from UNAVCO visited Barrow in late May to both upgrade the SuomiNet GPS station at the 
NOAA Climate Monitoring and Diagnostics Laboratory (CMDL) facility to EarthScope standards, and to 
support the DGPS system at BASC.  On-site training was provided to Michigan State University 
undergraduate research assistants Heather Aschoff and Marcus Sadak. These students were tasked to 
manage the equipment during the summer, and they supported over 30 individual project requests for 
survey data collection and provided system training. “Opportunity” training was also provided to other 
researchers in Barrow that were interested in using the system. 

Barrow Erosion (Bill Manley – University of Colorado, Boulder)  

Refresher training on data collection and processing was provided to field team member Leanne Lestak 
prior to her travel to Barrow. Such training allows researchers the opportunity to get familiar with similar 
equipment to that at BASC before their field projects begin. In Barrow the DGPS system was used to map 
changes in the coastal bluffs due to storm erosion. 

Bench Glacier (Tad Pfeffer – University of Colorado, Boulder) 

Two receivers were left on Bench Glacier to collect continuous data after the 2003 field season to measure 
temporal and spatial variations of surface speeds into the winter months as snowmelt and temperatures 
decline significantly. The receivers were retrieved in August 2004 in conjunction with the Columbia Glacier 
project. The data were archived at UNAVCO after the field season.  

Columbia Glacier (Tad Pfeffer – University of Colorado, Boulder) 

 UNAVCO provided three GPS receivers to measure near terminus speeds and 
longitudinal stretching rates on Columbia Glacier near Valdez, Alaska (Figure 
10). After the field season the data were archived at UNAVCO. The GPS data 
will be used in conjunction with passive seismic data to study the timing, location, 
and geometry of fracture events leading to calving. Tidewater calving is an 
important part of glacier dynamics, sea level rise, and ice/ocean interaction, but 
is still poorly understood. During retreat, tidewater glacier mass balance is 
dominated by calving, rather than direct climate forcing. Columbia Glacier, the 
last of the Alaskan tidewater glaciers to retreat, is presently discharging icebergs 
into the ocean at a rate of approximately around 22 km3 yr-1. 

 

Figure 10 – Retrieving a receiver from the seracs of the Columbia Glacier terminus (Photo: S. O’Neel). 
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Greenland Petermann Gletscher (Konrad Steffen -  University of Colorado, Boulder) 

UNAVCO provided three GPS antennas for ice flow velocity and 
position measurements at Petermann Gletscher's floating ice 
tongue (Figure 11). The Petermann Gletscher is the largest and 
most influential outlet glacier in northern Greenland. Remote 
sensing results suggest that its ice discharge exceeds that 
required to maintain the ice sheet interior in a state of mass 
equilibrium by 63%, and its grounding line is retreating at an 
anticipated rate at nearly one meter per year. Its floating ice 
tongue is only a few meters above sea level at the ice front, so it 
is highly vulnerable to ice thinning. If confirmed by in-situ 
observations and if this trend continues for several decades, the 
rate of thinning would be sufficient to threaten the stability and 
survival of the ice tongue. 

Figure 11 – Petermann Gletscher GPS site (Photo: K. Steffen). 

The science team is performing a detailed analysis of the glacier floating ice tongue in front of Petermann 
Gletscher that integrates key field observations with remote sensing data. The field program is designed to 
obtain the in-situ observations to confirm, validate, and calibrate the remote sensing estimates of basal 
melting, derive reliable estimates of surface melt from an energy balance model, observe changes in ice 
volume with precision, and understand the contribution of ice dynamics, surface melt and bottom melt to 
volume changes of floating ice. GPS and interferometric synthetic aperture radar (InSAR) are used to detect 
changes in flow rate with time. The results will provide invaluable insights into dynamics and climatic 
processes of northern Greenland glaciers.  

Iceland Breidamerkurjokull (Slawek Tulaczyk – University of California, Santa Cruz) 

One GPS antenna and ancillary equipment were provided to this project to study the glacier-scale physics of 
soft-bedded ice motion. One research objective is testing the hypothesis that the force balance and the rate 
of motion of Breidamerkurjokull on the Vatnajokull ice cap, Iceland is controlled by the underlying till bed and 
not by other factors such as sticky spots, longitudinal stretching/compression, and marginal shear. 
Understanding the physics that govern ice motion is needed to make predictions on the future behavior of 
mountain glaciers and ice sheets in the context of the ongoing climate change and sea-level rise. 
Breidamerkurjokull, an outlet glacier draining, has played a significant role in developing a new paradigm of 
glacier motion in which the ice itself rides passively on top of a deforming till bed. The data will be used to 
calculate the spatial distribution of basal shear stress and basal resistance. This research should improve 
the current understanding of ice-till interactions and of their control over flow of ice masses. It may also help 
predict whether modern ice masses will harm local or global societal interests through, for instance, changes 
in the global sea level or surges of mountain glaciers.  

Kuparuk Permafrost (Frederick Nelson – University of Delaware) 

UNAVCO provided two GPS receivers, data processing software, and training at the University of Delaware 
to PI Fritz Nelson and other project researchers. This was the fourth season this project used GPS to 
measure seasonal elevation changes in the permafrost active layer in the Kuparuk River basin and 
surrounding areas on the Alaskan North Slope. The Barrow DGPS base station was also utilized by this 
project during data collection in Barrow. The data were archived at UNAVCO after the field season.   
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McCall Glacier (Matt Nolan – University of Alaska, Fairbanks) 

Five GPS receivers, real-time kinematic equipment, field support, data 
processing, and data archiving support were provided. This project studies 
the mass balance and dynamics of McCall Glacier as an index for glacier 
contributions of fresh water inputs into the Arctic Ocean. Real-time kinematic 
(RTK) GPS was used to precisely reoccupy points previously surveyed 
through airborne laser altimetry surveys and conventional surveys on the 
ground. Velocity transects were also surveyed, and three receivers were left 
for the summer field season to provide continuous position measurements 
(Figure 12). In addition, a baseline survey of the remote Okpilak glacier was 
also conducted.  

 

Figure 12 – McCall Glacier continuous GPS in early season.  

South Greenland Ice Sheet (Joe McConnell – Desert Research Institute) 

This project uses continuous measurements of a broad range of elements and isotopes in five ice cores 
from a 220 km west-east traverse along 66N to evaluate the spatial and temporal variability in fluxes, source 
regions, and atmospheric transport of impurities on the southern Greenland Ice Sheet. Shallow ground 
penetrating radar was used to connect the core measurements. The aim is to use these measurements to 
better understand how changes in atmospheric circulation influence net water accumulation across the ice 
sheet. UNAVCO provided three geodetic GPS receivers that were used for spatial control and topography 
surveys. 

Taku Glacier (Martin Truffer – University of Alaska, Fairbanks) 

Taku Glacier is located in SE Alaska near Juneau, and is currently advancing into proglacial sediments and 
deforming them into bulges. UNAVCO provided four GPS receivers that were used to study the temporal 
evolution of the deformational bulges in front of the glacier, and to measure the nearby glacial strain. 
Comparing these measurements to earlier ones allows the quantification of the excavation of subglacial 
sediments. The data were archived at UNAVCO after the field season.   

Toolik Lake DGPS (Andrew Balser – University of Alaska, Fairbanks) 

UNAVCO provided field engineering support and training to install a RTK/DGPS real-time survey system at 
the Toolik Field Station on the Alaska North Slope. The Trimble 5700 system hardware and software are 
similar to that in use in Barrow, and the commonality will benefit researchers who work in both locations.  
This system consists of base and rover GPS receivers, a radio transmitter for differential corrections, and a 
base station computer for data management. The base supports both survey grade and mapping/GIS grade 
equipment. The bulk of the technical support, system maintenance, and promoting the system to the 
science community is handled by the Toolik Field Station GIS staff, while UNAVCO is available to provide 
backup support and specific training. A dedicated web page provides specific system and support 
information. 

 


