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Overview 
 

The periodic motion of the world’s oceans (the tide) 

is a well-known everyday phenomenon, arising from 

the variation of the gravitational forces due to the 

Moon and Sun as their distance to the Earth changes.  

Such periodic (tidal) motion is actually composed of 

many different constituents, which summed together 

give the total tidal effect.  The resulting change in 

distribution of water results in a periodic “ocean tide 

loading” (OTL) forcing on the surface of the Earth, 

causing it to displace by more than 10 cm in around 6 

hours, in some parts of the world.  A less well known 

effect is that the solid Earth also deforms due to the 

same direct gravitational attractions of the Moon and 

Sun, and with the same periods as the ocean tides.  

Close to the Equator, the solid Earth’s surface moves 

through a range of nearly 40 cm in around 6 hours.  

This “solid Earth tide” can be predicted from the very 

well known astronomy of the Moon and Sun, 

combined with models of the physical structure of the 

Earth.  Such models describe whether the Earth may 

be treated, at these tidal periods, as elastic (i.e. it 

returns to its original shape when the deforming 

gravitational force no longer acts), or whether it 

exhibits a variation from elastic behaviour at such tidal 

periods (i.e. it has anelastic properties, which result in 

dissipation of energy and changes in the Earth’s 

rotation rate). 

 

The inner Earth's physical behaviour is expected to be 

frequency-dependent, and is well studied at seismic 

frequencies (periods of seconds to minutes) using the 

travel times of vibrations transmitted by earthquakes, 

and by studying changes in the Earth’s rotation known 

as the Chandler wobble (which has a period of 

~14 months).  However, it is less well observed at 

intermediate periods such as those of the tides (~12 

http://sgf.rgo.ac.uk/


  

hours to 1 year, although small longer-period tides 

also occur).  Recent developments in the 

measurement of the Earth’s shape using GPS satellites 

allow us to measure tidal movements of the solid 

Earth with high precision.  The International GNSS 

Service maintains a freely-available archive of data 

from a steadily growing number of global 

observatories, in some cases going back to the early 

1990s.  This archive has now reached sufficient 

duration and spatial coverage to allow a reliable global 

study using GNSS, in a way not possible with previous 

satellite or astronomical techniques.  By selecting sites 

where the ocean tide loading is small and so the solid 

Earth tide can be isolated, or where the ocean tide is 

well modelled and so any discrepancy between 

modelled and observed OTL can be attributed to the 

Earth model, this project will use GNSS observations 

to infer the degree of anelastic behaviour of the solid 

Earth at tidal timescales. 

 

 
Methodology 
 

The several hundred globally-distributed stations of 

the International GNSS Service (IGS) network, with 

time series spanning up to 20 years, will form the key 

project data set from which the degree of Earth’s 

anelastic behaviour at tidal timescales will be inferred.  

In the last decade, many of these sites have begun to 

collect GLONASS data in addition to GPS, and the 

new European ‘Galileo’ constellation will provide 

usable data within the next few years.  GLONASS and 

Galileo have several advantages over GPS, the most 

significant of which is that, unlike GPS, the satellites’ 

orbital periods are not aligned to the rotation rate of 

the Earth.  Thus, it should be possible to use 

GLONASS and Galileo data to observe tidal 

displacements at the K1 and K2 tidal periods (as well 

as the usually more dominant M2, S2 and O1 periods), 

which for GPS are masked by uncertainties in the 

satellite orbit and clock modelling.  However, this 

approach has not yet been demonstrated, largely 

because of the lack of true multi-GNSS software and 

satellite orbits/clocks to allow individual sites to be 

analysed via precise point positioning in kinematic 

mode.  A major aim of this project will be to use the 

readily-modifiable PANDA kinematic software, which 

already uses GPS and GLONASS in tandem, to 

achieve this.  The K1 period is particularly interesting 

because it is close to the period of free nutation of 

the Earth’s inner core, and so a significant departure 

from elastic behaviour is expected (and has indeed 

been demonstrated using other space geodetic 

techniques although at a very limited number of sites). 

 

Another geodetic technique capable of observing tidal 

deformation is the use of absolute gravity 

measurements at the Earth’s surface.  This highly 

sensitive technique is only carried out regularly at a 

few sites worldwide, including the NERC Space 

Geodesy Facility at Herstmonceux – which is one of 

the ‘few amongst the few’ at which both GPS and 

GLONASS data have also been collected since an 

early stage.  Absolute gravimetry can be used to 

validate GNSS measurements of tidal displacements, 

providing the direct gravitational attraction of the 

ocean tide can be eliminated from the analysis.  Under 

the direction of Appleby, this project will use absolute 

gravity data collected and analysed at Herstmonceux 

and other global sites to test the processing strategies 

applied to the GNSS data.   

 

 
Timeline 
 

The student will spend the first 6 months of the 

project learning the necessary geodesy and geophysics 

concepts, as well as the use of the PANDA software 

on the University’s powerful Linux cluster.  The 

student will then be able to use a robust and well-

tested geodetic technique to investigate the 

assumptions of anelasticity.  This work will continue 

for 12-18 months, including the analysis of absolute 

gravity data where these are available to validate the 

GNSS observations (by means of visits to the NERC 

Space Geodesy Facility).  6-12 months will then be 

spent on geophysical inverse modelling (with 

assistance from project partner Bos) of the geodetic 

observations, leading to a substantive journal 

publication.  The final 6 months of the student’s time 

during the project will be occupied with thesis writing. 

 

 
Training & Skills 
 

The student will be hosted within the geodesy 

research group (part of the geomatics group) in the 

School of Civil Engineering and Geosciences at 

Newcastle University, the largest of its kind in the UK.  

Regular group meetings will allow the student to mix 

with a range of other students, postdocs and 

academics working on related problems.  The group 

has its own high-throughput computing pool and 

access to wider University High Throughput 

Computing facilities.  The student will also receive 

generic research training provided by the School, 

Faculty and IAPETUS. 

  

The student will gain valuable skills including GNSS 

geodesy, geophysical modelling, time series analysis 

and management of large datasets, and will have 

opportunities to work with other partners in the UK 

and internationally. There will be opportunity to 

travel to national and international scientific meetings 

to present results, and we aim to see all students 



  

publish 2-3 papers in leading scientific journals during 

their PhD. Upon completion, the student will be well 

equipped for a career in academia or industry. 
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Annex 1 // Additional Administrative Information 
 

 

Principal Disciplinary 

Theme (s) 

 
Tick the relevant box(s). 

☐  Global Environmental Change 

☒  Geodynamics & Earth Resources 

☐  Carbon & Nutrient Cycling 

☐  Hazards, Risk & Resilience 

☐  Biodiversity & Ecosystem Resources 

 

 

Total of Amount of RTSG Requested: £6,000 
 

Justification for RTSG Request: 
£6,000 RTSG is requested to cover the costs of the student to present their work and gain exposure at a major 

international conference meeting (AGU Fall Meeting is anticipated), to attend annual national meetings to present 

work and to network with the geodesy and geophysics communities, to visit co-supervisor Appleby and project 

partner Bos in Portugal, and to purchase a laptop computer. The School of Civil Engineering and Geosciences will 

provide standard core facilities, i.e. office space, desktop computer and print credits. 

 

 

CASE Partner Contributions & Other Relevant Information: 
 

Where possible, a letter of support from the named CASE Partner should be provided to IAPETUS. 

 

 

If part of an Integrated Studentship Network (ISN), please list the linked projects (title and 

principal supervisor): 
N/A 
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