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Overview 
 

The Global Positioning System (GPS) has been used 

extensively for understanding changes in mean sea level 

by measuring small geophysical vertical land 

movements at tide gauges, for understanding ice load 

history by measuring post-glacial rebound (e.g. Figure 1 

shows such a GPS receiver installed in Antarctica), and 

monitoring plate tectonic motion for earthquake 

studies. However, the accuracy with which GPS is able 

to measure such millimetric level movements, and the 

length of measurement time series needed, are limited 

by unmodelled systematic errors and time series noise, 

which are dependent on the satellite system’s design. 

In particular, errors related to the interaction between 

the satellites’ orbital periods and geophysical 

phenomena such as ocean tide loading, and other time-

dependent errors such as atmospheric signal 

propagation delays, can lead the daily site coordinates 

estimated using the GPS data to be significantly 

correlated with each other.  This departure from a 

‘white noise’ model, and associated transient and 

periodically-repeating errors in the coordinate time 

series, can cause serious inaccuracy and 

overconfidence in the measured site velocities. 

Movements in the height component are particularly 

challenging to measure accurately, although such errors 

also affect the horizontal coordinate components.  

The recent revitalisation of the Russian counterpart 

system, GLONASS, plus the developing Chinese 

Beidou and European Galileo systems, provide the 

opportunity to improve the accuracy by which 

geophysical movements may be monitored via the 

combination of these multiple Global Navigation 

Satellite Systems (GNSS), as well as perhaps shortening 

the time series durations needed. The improvements 

provided by the multi-GNSS systems, and their optimal 

combination for geophysical monitoring, will be 

investigated in this project.  

 

 
Figure 1. Measuring post-glacial rebound in Antarctica 

using a continuously operating GPS receiver. 

 
Methodology 
 

To investigate the accuracy and reliability by which 

multi-GNSS measurements may be used for 

geophysical monitoring, data will be collated from the 

several hundred multi-GNSS continuously operating 

reference stations globally (similar to those shown in 

Figure 1), such as from the International GNSS Service 

(www.igs.org), EUREF Permanent GNSS Network 

(http://www.epncb.oma.be) and British Isles GNSS 
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Facility (www.bigf.ac.uk), which have multi-GNSS data 

spanning 5-10 years. Data analysis will be undertaken 

using geodetic multi-GNSS software such as PANDA 

and NASA GipsyX, and the impact of the different 

types of GNSS observations on the station velocities 

and their associated uncertainties, and on real or 

artefactual transient signals in the coordinate time 

series, will be investigated. This will include the 

understanding of errors arising from such sources as 

satellite orbits, signal propagation errors caused by the 

atmosphere and reflecting ground objects, and the 

mathematical and statistical modelling of the 

observations. 

 

An example of such a GNSS time series is shown in 

Figure 2. This shows a GPS height time series and 

associated power spectrum for a continuously 

operating GNSS receiver installed at the tide gauge in 

La Rochelle, France, and which has been gathering data 

for over 14 years to monitor any vertical land at the 

tide gauge and hence enable real, ‘absolute’ changes in 

mean sea level to be determined. As can be seen, there 

are clear annual signals in the height time series, with 

the power spectrum showing significant power at the 

annual period. What is not known at present is 

whether such annual signals, and other noise in the 

height time series, are GPS-specific or whether they 

can be eliminated or reduced if other satellite system 

observations are included. This will be investigated in 

this project, and the developments will improve the 

accuracy by which GNSS can monitor geophysical 

motions. The project will consequently help to provide 

valuable constraints on geophysical models of Earth 

processes, and improved estimates of changes in mean 

sea level, both regionally and globally.  

 

 

 
Timeline 
 

The student will spend the first 6 months of the project 

learning the necessary geodesy, geophysics and time 

series analysis concepts, as well as the use of the 

PANDA/GipsyX software on the University’s powerful 

Linux cluster.  Thereafter, investigations of how the 

different error sources affect the different GNSS 

observations and ultimately the derived land movement 

velocities will be undertaken. This will include the 

mathematical modelling of the error sources and how 

they propagate. This work will continue for 12-18 

months, including the time series analysis using 

statistical techniques such as Maximum Likelihood 

Estimation (MLE).  This will lead to a substantive journal 

publication, expected to be developed over the next 6 

months, with the final 6-12 months occupied with 

thesis writing and examination. 

Figure 2. GPS height time series and power spectrum 

for a continuously operating GNSS receiver at the tide 

gauge in La Rochelle, France. 

 

 
Training & Skills 
 

The student will be hosted within the geodesy research 

group (part of the geomatics group) in the School of 

Engineering at Newcastle University, the largest of its 

kind in the UK.  Regular group meetings and seminars 

will allow the student to mix with a range of other 

students, postdocs and academics working on related 

problems. The student will be trained in the concepts 

of geodesy and satellite positioning, as well as the 

geophysical concepts and applications. The scientific 

analysis, data management and processing will be 

undertaken on High Performance Computing clusters 

under the Linux environment, which will involve 

learning and using geodetic GNSS softwares, e.g. 

PANDA/GipsyX. The student will be trained in 

appropriate scripting (such as bash, Perl, Python) and in 

analytical packages (e.g. Matlab) and methods such as 

MLE using software such as CATS (Williams, 2008) and 

spectral analysis, as well as specialist geodetic and 

geophysical time series software. The bulk of the tasks 

will be carried out at Newcastle, supplemented with 

regular visits to Glasgow. The student will also receive 

generic research and career development training 

provided by the School, Faculty and IAPETUS. 
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Further Information 
 

For further details and informal enquiries, please 

contact Dr Nigel Penna (Tel: +44 (0)191 208 8747 or 

nigel.penna@ncl.ac.uk). 
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