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Summary 

UNAVCO provides year-round support for scientific applications of the Global Positioning System (GPS) to 
the National Science Foundation’s Office of Polar Programs (NSF/OPP) Antarctic Program. This support 
includes pre-season planning, field support, and post-season follow-up, as well as development work for 
supporting new applications. The UNAVCO Polar web site (www.unavco.org) provides comprehensive and 
historical information related to UNAVCO support to NSF/OPP. 

UNAVCO maintains a “satellite” facility at McMurdo Station, Antarctica during the austral summer research 
season, providing a full range of support services including GPS equipment, training, project planning, field 
support, technical consultation, data processing, and data archiving. Twenty-two projects received support in 
2003/2004 as requested prior to the field season, and four additional projects were added during the field 
season (Figure 1). Table 1 summarizes Antarctic projects using UNAVCO support, while Appendix A 
provides more detailed discussions of individual projects. 

Effective October 1, 2003 corporate management of the UNAVCO Facility transitioned from the University 
Corporation for Atmospheric Research to UNAVCO, Inc., a non-profit membership-governed private 
corporation that supports and promotes Earth science by advancing high-precision geodetic GPS 
techniques. This transition also involved a physical move to improved facilities during September 2003, a 
demanding process which occurred simultaneously with preparing and shipping a large volume of equipment 
to Antarctica. Much effort was made to keep the transition transparent to the science users of UNAVCO 
support, and an expected outcome of UNAVCO, Inc. governance is improved communications with and 
response to the needs of the scientific community including polar science. 

 

Figure 1:  Locations of projects which utilized UNAVCO services during the 2003-04  
mainbody season.  Inset shows the McMurdo-Dry Valleys region in greater detail. 
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Table 1 – 2003-2004 Antarctic Support Provided 

Project Point of Contact Support 

Effort (%) 

Eqp. 

Loan 

Field 

Support 
Training Data 

Archived 

Data 

processed 

Preseason 

Request 

B-011 Uhle 3 Yes Yes Yes Yes Yes Yes 

G-052 Hallam 2 Yes Yes No Yes Yes No 

G-057/058 Schutt 6 Yes No Yes Yes No Yes 

G-064 Knight 2 Yes No Yes Yes Yes Yes 

G-079 Willis 11 Yes Yes Yes No No Yes 

G-081 Kyle 4 Yes Yes No Yes Yes Yes 

G-087 Kendrick 2 Yes Yes No No No No 

I-161 Kavanaugh 4 Yes No No Yes No Yes 

I-175 Todd 2 Yes No Yes Yes Yes Yes 

I-177 Dunbar 3 Yes No Yes Yes No Yes 

I-178 Spikes 4 Yes No Yes No No Yes 

I-186 Scambos 3 Yes No Yes No No Yes 

I-190 Okal 2 Yes Yes Yes Yes Yes Yes 

I-191 Kreutz 3 Yes No Yes Yes No Yes 

1-205 Voigt 20 Yes Yes Yes No No Yes 

I-209 Pettit 4 Yes No Yes Yes No Yes 

I-210 Catania 4 Yes No Yes Yes No Yes 
O-283 Thom 2 Yes No Yes Yes Yes Yes 

G-291 Abraham 3 Yes No Yes Yes No Yes 

G-294 Roof 2 Yes No Yes Yes Yes Yes 

B-420 Welch 2 Yes Yes No Yes Yes Yes 

B-421 Cozzetto 2 Yes Yes No Yes Yes Yes 

B-425 Nylen 4 Yes Yes Yes Yes No Yes 

B-426 Doran 2 Yes Yes No Yes Yes Yes 

B-518 Klein 2 Yes No Yes No No No 

T-940 Arcone 2 Yes No Yes No No No 
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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 data processing training as needed after data have been collected. The level of 
training is tailored to the experience of each research group. For the 2003/2004 season most training was 
provided at McMurdo Station or in the field, but training was also provided before the field season to G-291 
field team members Jared Abraham and Eric Anderson and B-425 field team member Thomas Nylen at the 
UNAVCO Facility in Boulder. 

Field Support 

UNAVCO engineers1 were present at McMurdo Station throughout the mainbody season. The primary 
responsibilities of the field engineers are managing the large equipment pool and providing technical support 
to field projects. The field engineers also maintain the DGPS infrastructure and the Mount Erebus continuous 
station network data collection computer, and train the Raytheon Polar Services Company (RPSC) science 
technician on maintaining these systems over the winter.  Pre-season support was provided to G-057/G-058 
and I-205 in the form of equipment and technical assistance. 

Data Processing 

Post-processing of differential GPS data is necessary to achieve the centimeter level precision required for 
most projects. UNAVCO supports data processing in the field using commercial software. As in previous 
seasons, an effort was made to ensure that most data processing was completed before field teams left 
McMurdo. UNAVCO also continues to provide post-season data processing support using commercial 
software, the NASA - Jet Propulsion Laboratory (JPL) Auto-GIPSY on-line data processing service, and 
advanced post-processing techniques for problem data sets. 

Data Archiving 

All GPS data handled by UNAVCO are archived, both locally at McMurdo Station and at the UNAVCO 
Boulder archive, to ensure data safeguarding and future accessibility. Antarctic data are sorted by project 
event number and by Antarctic field season. 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 soon after project completion.  

Data collected to geodetic standards are archived by site name and precise site coordinates, and site 
descriptions are readily available on-line. As this database of precise GPS coordinates continues to grow, 
future projects benefit by having pre-established geodetic control in their field study areas. This season new 
GPS benchmarks HJOR and GARW were added to the on-line benchmark database. 

Meta-data from all UNAVCO-supported Antarctic projects can be accessed on-line by field season and 
project event number.  The meta-data format is compatible with broader GIS initiatives both within the United 
States Antarctic Program (USAP) and the Scientific Committee for Antarctic Research (SCAR). UNAVCO-
supported GPS project meta-data are also submitted to the National Snow and Ice Data Center (NSIDC) 
Antarctic Data Coordination Center.  

                                                      
1 Chuck Kurnik (10/03), Beth Bartel (10/03-02/04), and Bjorn Johns (11/03-12/03). 
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Equipment 

Science Pool 

UNAVCO provides GPS equipment for both geodetic surveying and mapping applications. Forty-four 
geodetic quality dual-frequency receivers from the UNAVCO pool (20 Trimble 4000 SSE/SSi, 19 Trimble 
5700, four Trimble 4700, and one Trimble 5800) were provided for Antarctic support (Figure 2) throughout 
the field season. All necessary ancillary equipment, such as data processing software, solar panels, 
batteries, chargers, tribrachs, tripods, and cables, was also provided.  

Eleven new Trimble 5700 GPS receivers were purchased for the USAP pool, bringing the total to 17. These 
receivers offer low power consumption and high-capacity data logging memory, and are ideal for semi-
continuous autonomous operation. These receivers continue to be in extremely high demand in the Antarctic 
GPS community, as new continuous data applications emerge. Four of the 5700 receivers are currently 
deployed to collect data over the winter in Antarctica:  Two on Mt. Erebus, one on Mt. Fleming in the 
Transantarctic mountains, and one on Ice Stream D.   

To better meet the future extended GPS deployment needs, UNAVCO is in the process of increasing the 
number of new receivers in the pool, and is adding specialized ancillary equipment including solar power 
systems, communication equipment, enclosures, and GPS monuments. The goal is to provide a 
comprehensive, centralized source for Antarctic permanent station equipment and the associated technical 
expertise to ensure its successful deployment and robust data collection. 

Differential GPS System 

UNAVCO maintains a real-time kinematic (RTK) DGPS system at McMurdo and a repeater for DGPS 
applications in the Taylor Valley. The system was used by B-518 (Kennicutt) for navigating to sample 
locations for an environmental impact assessment in the McMurdo vicinity, by G-052 for ground truthing of 
Lidar data, and by the Raytheon surveyor at McMurdo Station. 

 

Figure 2:  Staging equipment in Crary for shipment back to UNAVCO. 
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Project Highlight:  GPS Applications on the West Antarctic Ice Streams 

 
 

As described by Robert Bindschadler, ice from the 
West Antarctic Ice Sheet (WAIS) drains to the sea 
through a series of ice streams, which flow at 
anomalously high rates of up to 800 meters per year.  
Because of their volume and speed, understanding ice 
stream behavior is critical in assessing the potential for 
rapid ice sheet change affecting global sea levels.  Yet, 
the factors controlling the flow of the ice streams are 
not well understood.  Recent observations give a brief 
glimpse of the surprisingly sensitive reaction of the ice 
streams to tidal oscillations. Measuring the response of 
the ice streams to the rise and fall of the tide is an 
excellent natural "experiment" to improve 
understanding of controls on the ice streams, and 
improve the ability to model the WAIS. 
 
During the 2003-04 Antarctic season, I-205 (Sridhar Anandakrishnan, Robert Bindschadler) deployed 21 
GPS receivers on ice streams E, D, C and the Whillans Ice Stream (B) to record vertical and horizontal 
components of ice stream motion (Figures 3 and 4).  UNAVCO provided 15 of the 21 GPS instruments 
used and one week of field support.  Eight of the 21 receivers were co-located with arrays of passive 
seismic instruments.  Data were collected over two tidal cycles (two months) to correlate motions and 
seismic activity to ocean tides in the Ross Sea. 

 

Figure 4: GPS sites monitoring motions of ice streams of the  
   West Antarctic Ice Sheet.  [Compliments of I-205.]  

 

 

Figure 3: Robert Bindschadler installs a GPS 
antenna on the West Antarctic ice sheet. 
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Appendix A - Detailed Summary of Support Provided 

B-011 (Maria Uhle)  
Field support, processing, and data archiving 
were provided to aid in studying the role of 
ponds on the carbon cycle within the dry 
valleys.  Post-processing kinematic methods 
were used to map the shoreline of each pond 
studied, and fast-static methods were used to 
measure the positions of PVC stakes around 
each pond to monitor localized deformation.  A 
Trimble 4700 rover, a Trimble 5800 rover on 
loan for testing from Trimble (Figure 5), and a 
Trimble 4000 base station were utilized in 
each survey.  Support was provided in both 
Hjorth and Garwood valleys. 
 

 
Figure 5: GPS rover collecting fast-static data at 
Hjorth study area. 
 

 
G-052 (Jerry Mullins) 
UNAVCO aided in ground-truthing of Lidar data by locating points with real-time kinematic (RTK) GPS 
methods for the comparison of elevations obtained with Lidar vs. with GPS.  The McMurdo base station, a 
Trimble 4700 equipped with a radio, and a Trimble 4700 rover with a backpack and range pole were used  
in the RTK surveying.  Data archiving was also provided. 

G-057, G-058 (Ralph Harvey) 
The field team performed local stop-and-go kinematic surveys of meteorite locations, allowing the 
meteorite spatial data to be used in their GIS database.  Most of the meteorites were collected from the 
LaPaz ice fields, approximately 250 miles from Amundsen-Scott South Pole Station.  UNAVCO provided 
four Trimble 4000 receivers, training in data collection and in data processing, data archiving, and base 
station coordinates using the JPL Auto-GIPSY point-positioning automated data processing service. 
 
G-064 (Paul Renne) 
Dr. Renne’s group is calibrating the production of cosmogenic argon in the McMurdo Dry Valleys to be 
used in a new type of dating procedure. Rock samples for dating were collected at several locations in the 
Dry Valleys and GPS data were collected at each location. The data are used to obtain precise elevations 
which will be used in the calibration process.  UNAVCO provided one 4700 receiver, training, data 
processing, and archiving. 
 
G-079 (Terry Wilson) 
UNAVCO provided five Trimble 5700 receivers for summer-long deployments.  Dr. 
Wilson’s group conducts GPS measurements of crustal motions in the 
Transantarctic Mountains in order to document neotectonic displacements caused 
by tectonic deformation within the West Antarctic Rift or mass changes in the 
Antarctic ice sheets (Figure 6).  UNAVCO support also included training in the use of 
the Trimble 5700 and field support.  One 5700 was deployed at Mt. Fleming for data 
collection through the winter. 

 

               
    Figure 6:  G-079 TAMDEF site on Franklin Island. 
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G-081 (Philip Kyle) 
Dr. Kyle requested UNAVCO support for both campaign and permanent station GPS activities on Mt. 
Erebus to measure the deformation of the volcano caused by the migration of magma. Four receivers and 
field support were provided to re-survey the nine-monument GPS deformation network that was installed 
on Mount Erebus during the 1999/2000 season.  GPS data collected since 1999 are showing 
displacements on the order of millimeters per year. Velocity stakes on the Barne Glacier were re-surveyed 
this season as well. UNAVCO continued involvement in maintenance and upgrading of the permanent GPS 
network on Erebus, and a fifth dual-frequency site was installed at RAYG at the crater rim, with data 
downloading and archiving provided by UNAVCO.  The Trimble 4000 at site CONZ was replaced with a 
Trimble 5700, with much lower power requirements.  Another 5700 was installed without telemetry at ABBZ 
to replace the single-frequency GPS equipment which was destroyed by wind.  Data from all of the 
telemetered Erebus permanent stations are downloaded daily to McMurdo Station, and transferred to the 
UNAVCO data archive where they are on-line and publicly available. 
 
G-087 (Ian Dalziel) 
On short notice, UNAVCO was able to collaborate 
with G-087 and G-079 on the “opportunity” 
installation of a new permanent campaign-style GPS 
monument on Moody Nunatak (cover photo, Figure 
7).  UNAVCO provided field support and a Trimble 
4000 receiver with a geodetic-quality chokering 
antenna.  The monument links the study areas of G-
079, to the north, and G-087, to the south.  Both 
groups use high-precision geodetic measurements to 
interpret active tectonics at the boundary between 
west and east Antarctica. 

 
 
             Figure 7:  Hauling gear up to the GPS  

  site on Moody Nunatak.     

 

I-161 (Kurt Cuffey) 
Dr. Cuffey’s group is studying the dynamics of the Taylor Glacier from Taylor Dome to Lake Bonney. They 
are using radar to examine the internal structure of the glacier and a GPS network of over 250 stakes to 
measure velocity. UNAVCO provided two Trimble 5700 receivers and data archiving services. 
 

I-175 (John Stone) 
Dr. Stone’s group is working to define the Holocene history of Reedy glacier through both geological and 
geophysical means.  Learning the history of Reedy glacier, and in particular determining whether the 
glacier is in continued retreat, will lend insight into the recent and current dynamics of the West Antarctic 
Ice Sheet.  UNAVCO provided one Trimble 4700 receiver for measuring sample locations, and processed 
and archived the data. 
 
I-177 (Todd Sowers) 
Mt. Moulten in Marie Byrd Land, West Antarctica, offers an ice record dating back beyond 140,000 years.   
GPS was used for kinematic mapping of tephra layers, measurement of a network of velocity stakes 
installed during the 1999/00 season, and to measure accurate locations of sampling and drilling sites. Two 
receivers (Trimble 4000 and 4700), training, and archiving were provided. 
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I-178 (Gordon Hamilton) 
Dr. Hamilton’s group aims to better understand deformation surrounding the Mt. Moulton ice core and to 
assess the potential for another horizontal ice core in the Allan Hills.  UNAVCO provided three Trimble 
4000s and one Trimble 4700, in addition to training in the use of the receivers, to accompany Ground 
Penetrating Radar (GPR) measurements in both areas. 

 
I-186 (Ted Scambos) 

Dr. Scambos and his group are studying 
recently discovered “megadunes” in East 
Antarctica to understand their effects on ice 
core interpretation.  Kinematic GPS (Figure 8) 
was used for mapping the topography of the 
area.  UNAVCO provided three Trimble 4000 
receivers and training in data processing. 

 
 
 

 
 
 
 
 
Figure 8:  GPS surveying on the polar plateau.  
[Photo:  T. Scambos.] 
 

I-190 (Douglas McAyeal) 
Field support, training, data processing, and archiving were provided to test a four-station strain network on 
the Ross ice shelf.  One Trimble 4000 receiver and one Trimble 5800 receiver were used to make the 
measurements. 

 
I-191 (Karl Kreutz) 
Two Trimble 4000 receivers, training, and data archiving were provided to track Ground Penetrating Radar 
(GPR) measurements in Taylor and Wright valleys.  The data will be used with ice cores to understand 
climate variability during the past 2,000 years (late Holocene). 

 
I-205 (Sridhar Anandakrishnan) 
Recent observations show that the major ice 
streams draining the West Antarctic ice sheet are 
affected significantly on short time scales (twice 
daily) by ocean tides.  Twenty-one GPS 
instruments were installed on and around the ice 
streams of the West Antarctic ice sheet for the 
first season of detailed study (Figure 9).  
UNAVCO provided field support, 15 geodetic GPS 
receivers (10 Trimble 5700s, five Trimble 4000s), 
and data archiving.  Eight of the GPS receivers 
were collocated with arrays of passive seismic 
instruments. See separate project highlight for 
more information. 
 
 
                            Figure 9:  Typical GPS site set-up on the  
                            West Antarctic Ice Sheet. 
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I-209 (Howard Conway) 
Dr. Conway’s group is using GPS to determine present-day velocity fields and ice-penetrating radar to 
understand present-day dynamics and the Holocene history of the southern region of the West Antarctic 
Ice Sheet. The work is focused on ice streams A and B.  UNAVCO provided two Trimble 5700 receivers 
and one Trimble 4700 receiver, training, and archiving. 

 
I-210 (Howard Conway) 
On a separate project, Dr. Conway’s group is using GPS to determine present-day velocity fields and ice-
penetrating radar to determine sub-surface ice characteristics in the western divide area of the West 
Antarctic Ice Sheet (WAIS). The work is in support of the WAISCORES deep drilling project, scheduled to 
begin in the 2005-2006 season. UNAVCO provided two Trimble 5700 receivers and one Trimble 4700 
receiver, training, and archiving after the season. 

 
O-283 (Chuck Stearns) 
UNAVCO provided a Trimble 5700 receiver, training, data processing support, and data archiving to the 
Automated Weather Station field team in an ongoing effort to produce accurate site elevations used in 
climate models. These surveys are conducted as “opportunity surveys” during scheduled maintenance 
visits to the AWS sites. 
 
G-291 (John Goodge) 

Dr. Goodge’s group is exploring the cratonic 
structure in the Moody glacier area of East 
Antarctica via an airborne magnetic survey 
(Figure 10) and ground-based gravity 
measurements.  UNAVCO provided three 
Trimble 4000 receivers to determine precise 
elevations of the aircraft used during the 
magnetic surveys.  UNAVCO also provided 
training in McMurdo, and data archiving after the 
survey was complete. 
 
 
 
 
Figure 10:  G-291 prepares the Twin Otter for 
aeromagnetic surveys on Moody glacier. 
 

 
G-294 (Allan Ashworth) 
UNAVCO provided training and one Trimble 4000 receiver for the measurement of reference locations 
used for optical surveys.  The GPS and optical surveys mark the locations of fossil beds used to interpret 
the paleoclimate of the East Antarctic continent.  Precise locations are needed for accurate correlation of 
beds and for documentation of the stratigraphy. UNAVCO processed and archived the data. 
 
B-420 (Berry Lyons) 
As part of ongoing monitoring of the inorganic geochemistry of waters collected from glaciers, streams and 
lakes of the dry valleys, ice samples have been taken from the 2003 helicopter crash site on Lake Fryxell. 
Samples taken both during the 2002-03 and the 2003-04 seasons monitor petroleum contamination of the 
lake ice.  Sample locations were mapped out by UNAVCO with kinematic surveying methods, using a 
Trimble 4000 base station and a Trimble 5800 receiver on loan from Trimble. Data processing and 
archiving were also provided. 
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B-421 (Diane McKnight) 
Field support and processing were provided to map the topography of a stream channel as part of the 
LTER study of the streams and their contribution to the annual water budget and ecosystem in the Dry 
Valleys.  A Trimble 4000 base station and a Trimble 4700 rover with backpack were used.  Data were 
archived at the end of the season. 

 
B-425 (Andrew Fountain) 
Alpine glaciers in the Taylor Valley are 
significant contributors of water to the 
completely contained lake system. Estimates of 
mass balance for these glaciers require both 
ablation/accumulation measurements and 
motion surveys. UNAVCO assisted Thomas 
Nylen with the installation of three Trimble 4000 
receivers on Commonwealth Glacier (Figure 11) 
and one nearby to be used as the base station. 
The data will be used in calculating the 
spreading rate of the glacier. 
 
 
 

Figure 11:  Thomas Nylen (Portland State 
University) and Bjorn Johns (UNAVCO) install a 
GPS system on Commonwealth glacier. 

 

B-426 (Peter Doran) 
Dozens of boulders lie on the permanently frozen surface of Lake Hoare, providing a unique opportunity to 
study the dynamics of the lake ice. Survey marks have been installed on 14 boulders scattered about the 
lake surface, and these marks are surveyed annually. Two ablation stakes were also surveyed to measure 
lake ice displacement and translation. Field support was provided with Trimble 4700 receivers. Data 
processing and archiving were also provided. 
 
B-518 (Mahlon Kennicutt) 
Dr. Kennicutt’s group is working to determine the temporal and spatial scales of human disturbance in the 
McMurdo vicinity.  The group used a UNAVCO 4700 system for real-time kinematic (RTK) measurements 
of sample locations.  The McMurdo base station established and maintained by UNAVCO was used for 
real-time corrections.  Training was provided in McMurdo. 
 
T-940 (Steve Arcone) 
T-940, represented by Steve Arcone, was provided training and one Trimble 4000 receiver for use at the 
Amundsen-Scott South Pole Station.  The GPS was used to map the location of gravity profiles. 
 


