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Abstract 

In the summer of 2004, five GEF Leica 530 Series GPSs were deployed to Svalbard, Norway to 
support a NERC Airborne Research and Survey Facility (ARSF) campaign to collect aerial photography, 
lidar and optical data (i.e. ATM and CASI) over 12 benchmark glaciers around the archipelago for NERC 
project NE/B505203/1 (SLICES).  The overall aim of this project is to measure and predict past and 
future sea level rise contributions, respectively, using historical and contemporary topographic datasets 
derived through remote collection methods.  The objectives of the GPS data collection were to collect: (i) 
static base station data for the airborne survey, including short and long baseline lidar processing; (ii) 
ground control data for controlling aerial photography; and (iii) independent check data for the 
assessment of topographic data.  The quality of the GPS data was of paramount importance for ensuring 
the quality of derived data used throughout the project.  The following document reports on the collection 
of the GPS data and discusses any issues that emerged.    

Background 

Historical tidal records have shown that over the 20th century, global sea level has risen by ~0.15 
m and forecasts predict a further rise of between 0.09 and 0.88 m over the 21st century.  Excluding 
thermal expansion, it is believed that 20-30% of the last century’s sea level rise came from the melt of 
small glaciers, such as those in Svalbard.  The difficulty of estimating and forecasting both global sea 
level rise and past and future contributions of such ice masses is due largely to our lack of knowledge of 
the mass balance of the world’s ice masses.  This is largely the result of two main issues.  The first is the 
poor spatial distribution of mass balance studies and the second is an overall lack of long-term mass 
balance studies, both due in part to logistical constraints.  Therefore, the development of methods that 
address these issues is imperative for solving the climate change/sea level rise question. 

The aim of SLICES is to measure past sea level rise contributions for the Svalbard archipelago 
over the 20th century by upscaling mass balance estimates of benchmark glaciers (Figure 1) and to 
estimate sea level rise contributions for the 21st century under a variety of climatic change scenarios.  To 
achieve this, volume change measurements will be made for a representative sample of glaciers using 
differenced DEMs derived from contemporary and historical aerial photographs that are controlled using 
contemporary lidar DEMs.  This approach will provide both well distributed and long-term mass balance 
measurements.  Upscaling will use a regional mass balance model driven by ERA40 reanalysis data from 
the European Centre for Medium-Range Weather Forecasts.  However, without high quality GPS data, 
reliable topographic data coverage cannot be achieved.  Thus, the success of the GPS component of the 
research underpins the project.   

Data Collection 

In this research, GPS data were collected to provide: (i) static base station data for the airborne 
survey, including short and long baseline lidar processing; (ii) ground control data for controlling aerial 
photography; and (iii) independent check data for the assessment of topographic data.  Data collection 
was carried out from six field bases around Svalbard, where a GPS base station was operated (Figure 1).  
These sites are referred to as Longyearbyen, Ny Ålesund, Svea, Barentsburg, Hornsund and Slettebu.  
Ground control and check data collection was planned from Ny Ålesund and Slettebu, though the 
decision was made to postpone the collection of all GPS data at Slettebu (base station, ground control and 
check data) due to the failure of the NERC lidar instrument.  The GPS instruments deployed to each field 
base are given in Table 1.   

Lidar data quality, especially when processed over long baselines, is heavily dependent on 
uninterrupted, high quality base station data.  For short baseline processing, GPS base stations are 
required within about 30 km of the platform at all times including 10 minutes of stationary collection 
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before and after the sortie.  Thus, all base stations were run continuously during the 2 week campaign and 
complete data coverage is available for all locations except Ny Ålesund (see below).  Static data at all 
sites were collect at a rate of 10 Hz in approximately 24 hour segments on 256 Mb flash memory cards 
using a PCMCIA adaptor, which were changed once a day and backed up on PC and CD. 
 

 

Figure 1 – Map of the Svalbard archipelago showing the location of the 12 benchmark glaciers chosen for the study 
and the base station locations in red (B, Barentsburg; H, Hornsund; L, Longyearbyen; N, Ny Ålesund; Sb, Slettebu; 
Sv, Svea). 

Table 1 – GPS instruments deployed to each field base. 

Location GPS Base station Antenna Rover 

Longyearbyen GEF Leica 530 GEF AT504 choke ring No 
Ny Ålesund GEF Leica 530 

Leeds Leica 530 
IGS Antenna (NY1) 
Leeds AT502 

No 
Yes (Leeds) 

Svea GEF Leica 530 GEF AT504 choke ring No 
Barentsburg GEF Leica 530 GEF AT504 choke ring No 
Slettebu (unused) Leeds Leica 530 GEF AT504 choke ring Yes (Leeds) 
Hornsund (unused) GEF Leica 530 

Polish Leica 530 
GEF AT504 choke ring 
Polish AT502 

No 
No 
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Longyearbyen 

The network of GPS base stations was coordinated from Longyearbyen, which was the site of the 
main base station.  The instrument was mounted over a NASA monument at the airport where it could be 
operated using mains power though battery back-up was required in the event of power failure.  The base 
station configuration at the Longyearbyen site included the use of the AT504 choke ring antenna which is 
shown in Figure 2. 
 

 

Figure 2 – GPS base station configuration over the IGS monument at Longyearbyen airport. 

Ny Ålesund 

The GPS data collection at Ny Ålesund was carried out by Nick Barrand who is funded by a 
NERC studentship (NER/S/A/2003/11279).  He was assisted by Ph.D. students Suzanne Bevan of the 
University of Wales, Swansea and Remko De Lange of the University of Leeds.  The static base station 
was set up at the Norwegian state mapping agency Statens Kartverk using an antenna splitter point 
connected to the IGS antenna (NYA1) at the Ny Ålesund Geodetic Observatory.  The unit was run using 
mains power and battery back-up in case of power interruption.  Unfortunately, the base station at Ny 
Ålesund encountered an unexplained cessation of data collection during the ARSF campaign.  The same 
problem was also reported at Longyearbyen and Svea although it did not occur during the time the ARSF 
were in Svalbard.  The fault was characterised by the error message shown in Figure 3.  Notice the 
number of visible satellites remains high.  The error required powering down and rebooting, which would 
have been problematic if required during a sortie.  Currently, this fault remains unsolved but may have 
something to do with the high sampling rate.  Turning the GPS off between downloads seemed to help.  
Temporal data coverage at Ny Ålesund showing gaps in the data is given in Figure 4.   

GPS data were also collected on Austre Brøggerbreen to provide photogrammetric ground control 
and independent topographic data for quality control.  The GPS survey over the ice surface and forefield 
of Austre Brøggerbreen took place over a 5 week period using a second base station at the glacier 
terminus to ensure short baselines.  Check points were collected on the forefield and ablation zone and 
each point was measured for 1 minute at 10 Hz.  Also, a total of 12 ground control points (GCPs) were 
established throughout the forefield, lower reaches of the ice surface, tributary trunks and exposed 
surfaces around the ice perimeter.  Each point was measured for 10 minutes at 10 Hz.  The processing of 
these data are discussed under Data Processing and Preliminary Results.  
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Figure 3 – GPS error message associated with unexplained data collection interruption. 

 

 

Figure 4 – Ny Ålesund base station data coverage.  Shaded area shows the period of ARSF data collection.   

 

Svea 

The GPS base station at Svea was operated by two SNSK employees Trine Abrahamsen and 
Terje.  They were trained on the Leica GPS in Longyearbyen although both had previous experience.  The 
Svea base station was mounted on an SNSK tripod over a monument frequently used by SNSK.  
Communication with the Svea team was carried out by landline and email.  

Barentsburg 

The GPS base station at Barentsburg was operated by researchers from the Russian Academy of 
Sciences who were trained on the use of the GPS in Longyearbyen though all had previous experience.  
The Barentsburg base station, also a Leica 530 GPS with an AT504 choke ring antenna, was mounted on 
a tripod on the roof of the main Russian Academy of Sciences building.  Communication with the 
Barentsburg team was only possible intermittently through email and Russian mobile phone.  

Hornsund 

The collection of GPS base station data at Hornsund was carried out at the Polish station by M.Sc 
student Artur Adamek.  Dense sea ice in the fjord at Hornsund at the end of June and early July prevented 
our planned rendezvous in Longyearbyen for GPS training and equipment transfer.  Artur was able to 
secure passage to Hornsund via helicopter from Barentsburg before SLICES members arrived in 
Longyearbyen.  Fortunately, as Artur had his own GPS equipment and had been previously trained in its 
operation, the data collection was not jeopardized.  After the sea ice cleared, memory cards and our GPS 
configuration files were sent to Artur on the ship Horyzont II. 

Communication with the Polish station was somewhat more difficult than with the other stations 
as it was limited to satellite phone.  This meant that they were only able to check and send email once a 
week and telephone conversations were very expensive.  GPS base station data was collected using a 
Leica 530 with a standard AT502 antenna (no choke ring) mounted on a tripod over a monument.   
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Slettebu 

Due to the failure of the lidar instrument, the decision was made to postpone the collection of 
GPS data at until 2005. 

Data Processing and Preliminary Results 

The processing of the 2004 GPS data is underway though only some results are available.  The 
processing of the static GPS data network is being carried out by Matt King (School of Civil Engineering 
and Geosciences, University of Newcastle upon Tyne).  The project requires <10 cm height accuracies 
over long (i.e. >100 km) baselines, which is significantly more complex than positioning over short (i.e. 
<20 km) baselines.  To achieve this accuracy the GPS data are being processed to minimise height biases 
by: (i) accounting for elevation-dependent phase centre errors; (ii) estimating tropospheric zenith delay 
parameters; and (iii) resolving ambiguities.  The Svalbard reference network data were processed within 
the GAMIT software to determine their station coordinates within a regional network of IGS sites (Table 
2).  Sixteen days of data were collected and processed and the processing options were standard, holding 
IGS precise orbits fixed and solving for tropospheric delay parameters.  These sites were then used to 
impose the ITRF2000 reference frame using three translation parameters to shift from the loosely 
constrained daily solutions to the tightly constrained combined solution.  The different daily network 
solutions fit together well with low chi2 values.  The coordinates for each station (in Cartesian XYZ, 
ITRF2000 @ 2004.589) with their formal 1 sigma errors are shown in Table 2.  NYA1 (IGS) and NYAX 
(Svalbard campaign) were split from the same antenna, and their coordinates agree to within 2-3mm.  
Overall the data were found to be of a high quality and suitable for the processing of the long-baseline 
airborne data.  Long baseline processing will be carried out in the coming months.  Oscar Colombo of 
NASA’s Goddard Earth Science and Technology Center, who is an expert on long baseline GPS, will be 
collaborating on the processing of the data and software development  

The Austre Brøggerbreen kinematic GPS data have already been processed (by Nick Barrand) 
using SkiPro.  The GPS check points and GCP configurations are shown in Figure 5.  However, the 
ground control GPS data collected for the photogrammetric component of SLICES have not yet been used 
to derive DEMs because of the lack of lidar data generated in 2004.   

Conclusions 

The aim of SLICES is to upscale mass balance estimates of selected benchmark glaciers in 
Svalbard over the 20th century to arrive at an estimate of 20th century contribution to sea level rise for the 
archipelago.  The results will be used to produce sea level rise contributions for the 21st century under a 
variety of climatic change scenarios.  This aim is underpinned by the collection of GPS data for long 
baseline lidar processing, for generating historical and contemporary topography and providing 
independent, high quality check data.   

Because of the scale of the project, a large number of GPS units were required for this research.  
In total, five Leica units were borrowed from GEF to supplement that owned by the School of Geography 
at Leeds.  Clearly, without the availability of the GEF equipment, this research would not have been 
possible.  In terms of the GPS data collection, the 2004 field season was a great success.  The quality of 
the GPS data was excellent and fell within the requirements of the project.  The success of this field 
season was in large part due to the help and support provided by the team at GEF.  We are looking 
forward to the third and final field season that is planned for the summer of 2005 to repeat the GPS data 
collection of 2004 in support of a third ARSF campaign.   

Publications 

Thus far, the following paper has been submitted from NERC grant NE/B505203/1: 
James, T.D., Murray, T., Luckman, A.J., Barrand, N.E. and Barr, S.L. (in review).  Extracting 

photogrammetric ground control from lidar DEMs for change detection.  Photogrammetric Record. 
 
Publications that are planned in the immediate future are: 
(i) Barrand, N.E. (in prep). Measuring historical mass balance of Midre Lovénbreen, Svalbard using 

remotely acquired ground control.  
(ii) James, T.D. (in prep). Effects of mining activities on the Gruvfonna ice cap in Svalbard, Norway. 
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Table 2 – Results of the GPS base station processing (in 
metres). 

Station† Coordinate Measurement Adjustment Error 

X 2679689.97910 0.02318 0.00235 

Y -727951.22140 0.00381 0.00117 

HOFN 
 

Z 5722789.26513 0.02276 0.00410 

X 1575559.12726 -0.00174 0.00336 

Y -1941827.95198 0.00203 0.00226 

KELY 

Z 5848076.54128 0.01348 0.00487 

X 2102940.20062 -0.01118 0.00139 

Y 721569.45266 0.00537 0.00109 

TROM 

Z 5958192.15339 -0.01652 0.00327 

X 1284741.05390 -0.00788 0.00128 

Y 386469.67046 0.00579 0.00216 

SVEA 

Z 6214576.20202 -0.01429 0.00457 

X 1386566.95121 -0.09174 0.00155 

Y 385623.42594 0.19939 0.00209 

HORN 

Z 6192854.62438 -0.18022 0.00569 

X 1255926.81298 0.01465 0.00130 

Y 348187.27427 0.00424 0.00220 

LNGY 

Z 6222677.74841 0.03799 0.00487 

X 1283372.12235 -0.02489 0.00129 

Y 325165.65277 0.00446 0.00216 

BARE 

Z 6218411.23598 -0.04197 0.00477 

X 3370658.54712 -0.01420 0.00200 

Y 711877.13192 -0.00339 0.00147 

ONSA 

Z 5349786.93647 -0.01261 0.00301 

X 1202433.84764 -0.00310 0.00113 

Y 252632.28562 -0.00105 0.00223 

NYA1 

Z 6237772.57088 -0.01041 0.00408 

X 1202433.84764 -0.00310 0.00113 

Y 252632.28562 -0.00105 0.00223 

NYAX 

Z 6237772.57088 -0.01041 0.00408 

X 1202433.84773 -0.00753 0.00131 

Y 252632.28534 0.00472 0.00227 

HERS 

Z 6237772.56812 -0.02699 0.00501 

 
 
 
 
 
 
 

 

Figure 5 – AB airphoto with check point (blue) and 
GCP (red) overlay.   

 
 
 
 

†Station abbreviations: HOFN, Hoefn, Iceland; KELY, 
Kangerlussuaq, Greenland; TROM, Tromsø, Norway; 
SVEA, Svea, Norway; HORN, Hornsund, Norway; LNGY, 
Longyearbyen, Norway; BARE, Barentsburg, Norway; 
ONSA, Onsala, Sweden; NYA1, Ny Ålesund, Norway 
(IGS); NYAX, Ny Ålesund, Norway (SLICES); HERS, 
Hailsham, U.K. 
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