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Geodetic Perspective?

ωTemporal variations in the geographic distribution of 
surface masses load the Earth and deform its surface

ωVariations such as :
ς Atmosphere

ς Ocean

ω Tidal Loading

ω Non-Tidal Loading

ς Terrestrial Hydrosphere

ς Cryosphere

ω!ƴȅ ƭƻŀŘƛƴƎ ƻŦ ǘƘŜ 9ŀǊǘƘ ǎƘƻǳƭŘ ōŜ άǎŜŜƴέ ōȅ ƎŜƻŘŜǘƛŎ 
techniques.

ωCan they be modelled sufficiently such that long term 
trends are more precisely estimated (Can we improve 
ǘƘŜ ǎƛƎƴŀƭ ǘƻ άƴƻƛǎŜέ ǊŀǘƛƻΚύ

Tidal loadingis now routinely removed from 
the observations
Atmospheric loadingeffects are often 
incorporated into the processing (thanks in 
large to global atmospheric datasets)



Modelling the Surface Displacements

You need

ςEarth Model (PREM, Gutenberg-Bullenetc, radially
symmetric)

ςMathematical Model for the Surface Load

ςSurface Load Data

¢ƘŜ ƭƻŀŘǎ ŀǊŜ ŎƻƴǾƻƭǾŜŘ ǿƛǘƘ ǘƘŜ 9ŀǊǘƘΩǎ ǊŜǎǇƻƴǎŜ όǎǇŀŎŜ 
or wave number domain) to determine the loading 
effects.
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Curves are normalized by the factor REarthɗ



Grid used for the Convolution (from SPOTL)

AzimuthalGrid
ÅUp to 1° =ɻ 0.01°
Å1° to 10° =ɻ 0.1°
Å10° to 90° =ɻ 0.5°
Å90° to 180° =ɻ 1°

/ƭƻǎŜǎǘ ǘǿƻ άǊŀƴƎŜǎέ Υ ŀ ŘŜǘŀƛƭŜŘ 
land sea database is used at a 
resolution of 1/64° and taken from 
GMT/GSHHS coastline derived 
from World Vector Shoreline.



Surge of 9 November 2007

ωSimilar Conditions to 
the 31st January 1953 
Storm Surge

ωWorst Storm Surge for 
20 Years

ωMax Surge Height +3m

ωEastern-Scheldt barrier 
closed

ωThames Barrier closed

ωMaeslantBarrier closed



POLSSM : CS3 and CS3X

ÅCS3
Å48°N to 63°N
Å12°W to 13°E

ÅCS3X
Å40°N to 63°N
Å20°W to 13°E

Resolution : 
Å1/9° Latitude, 
Å1/6° Longitude

Surface boundary conditions : 
Åsea level pressure and 10, 
wind fields from Met Office 
North Atlantic Extended 
atmospheric model



Track of the Maximum Surge Height



Combining Surge and Atmospheric Grids in a Consistent 
Manner



GPS and Superconducting Gravity Sites

ÅVEUR, OOST, BRUG, ZEEB : Flemish Geographical Information Agency
ÅESBC, ESBH, BLAH : Danish National Survey Cadastre
ÅTERS, BORJ, HELG, HOE2, DELF, WSRT, DENT, EUSK, BRUS  : EUREF
ÅAll UK Sites : NERC BIGF



Predicted Deformation



Vertical Displacement (at time of maximum surge)



Horizontal Displacement (at time of maximum surge) 



GPS Heights (Nottingham Solution)

Using PANDA (Positioning And Navigation Data Analyst) software
VMF1 mapping function + ECMWF to model troposphericdelay



2007 Vertical Displacement



2007 Vertical Displacement with ATML



2007 Vertical Displacement with ATML + SSL


