
The Geomed2 project: the Geoid and DOT of the Mediterranean Sea

Introduction
The main scope of the GEOMED2 project is the determination of a high-accuracy and high-resolution geoid and DOT models for the Mediterranean Sea.
The processing methodology is based on the well-known remove-compute-restore procedure and both stochastic and integral/spectral methods for the determination of the geoid and the rigorous combination of heterogeneous data. All the available gravity observations for the wider Mediterranean basin were collected, validated,
homogenized and unified in terms of their horizontal coordinates and gravity systems, so as to derive a reliable gravity data base to be used for the determination of the geoid. Particularly, marine gravity were track by track debiased in order to remove existing inconsistencies among the different gravity campaigns.
Based on the collected data, the geoid has been computed in the wider Mediterranean area, i.e. in the area bounded between 30° < j < 48° -10° < l < 40°. The available gravity data have been gridded on a regular 2’ ´ 2’ grid in the computation area employing ordinary kriging, servicing both as input to the geoid estimation
methodologies and as a project deliverable to be disseminated as a new approximation of the gravity field over the Mediterranean. Fast-collocation, 1dFFT and 2dFFT employing the original Wong-Gore modified Stokes kernel and the KTH methods have been applied in order to get the geoid estimate. The different geoid estimates have
been then compared with altimeter data to obtain different estimates of the Dynamic Ocean Topography (DOT), which will allow the definition of the currents pattern in the Mediterranean Sea.

The available solutions

POLIMI: Solution produced at Politecnico di Milano with Fast-collocation algorithm (Bottoni and Barzaghi, 1993).

AUTH: Solution produced at Aristotle University of Thessaloniki with a tapered version of the Wong-Gore (Wong and Gore, 1969) modification of Stokes’s kernel function (truncated at degree 1000), through the SPFOUR
software of the GRAVSOFT package (Forsberg and Tscherning, 2008).

GCM: Solution produced at the General Command of Mapping (Ankara, Turkey) with KTH method based on the least-squares modification of Stokes’ formula (Sjöberg, 2003)

UNIZG: Solution produced at University of Zagreb with RCR approach with Stokes integration, using Heck and Grűninger kernel, with modification degree 300. Two additional corrections on geoid undulations were
applied: 1. Tide free to mean tide geoid undulation (after Ekman, M. 1989), 2. Topographic bias (after Sjoberg, 2018).
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Conclusions
The solutions show a substantial agreement. Comparisons with GPS/ levelling over Italy and Greece prove that the solutions are statistically equivalent.
It is possible to observe some biases and high frequency discrepancies which will be further addressed. High frequency patterns in the differences over the
Mediterranean Sea must be understood and reduced. Comparing the solutions, in particular the solution obtained with the Wong and Gore modification of
the Stokes’ kernel, with the DTU15 it is possible to see that some features are related to the known Mediterranean circulation.

Comparison of the solutions with 
GPS/levelling over Italy

Riccardo Barzaghi (1), Georgios Vergos (2), Daniela Carrion (1), Alberta Albertella (1), Ilias Tziavos (2), Vassilios Grigoriadis (2), Dimitrios Natsiopoulos (2), Sean Bruinsma (3), Sylvain Bonvalot (3), Lucia Seoane (3), Frank Reinquin (3), Marie-Françoise Lequentrec-Lalancette (4), Corinne Salaun (4), Pascal 
Bonnefond (5), Per Knudsen (6), Ole Andersen (6), Mehmet Simav (7), Hasan Yildiz (7), Tomislav Basic (8), Matej Varga (8), Antonio J. Gil (9)

(1) Politecnico di Milano, Italy (2) Aristotle University of Thessaloniki, Greece (3) GET UMR 5563, Toulouse, France (4) SHOM, Brest, France  (5) OCA/Géoazur, Sophia-Antipolis, France (6) DTU Space, Kopenhagen, Denmark (7) General Command of Mapping, Ankara, Turkey (8) University of Zagreb, Zagreb, 
Croatia (9) University of Jaén, Jaén, Spain

Comparison of the solutions with 
GPS/levelling over Greece

After subtracting bias and tilt

Available Marine data, from SHOM database.  
Morelli campaigns, since 1950s, in red

Recent marine data, in blue Before track by track bias removal After track by track bias removal

The track by track bias removal for
the marine data allowed to have
significant improvements in the
behavior of the empirical covariance
functions of the residuals. In the
following figures it is possible to see
the empirical covariance function for
the gravity residuals of the marine
data, after removing the Dgmodel

component (EIGEN-6c4 up to D/O
1000) and the DgRTC component,
before and after the bias removal.

DTU15 – AUTH – 0.903

Polimi
solution

AUTH 
solution

GCM
solution

UniZG
solution

# 977 977 977 977

Mean 0.000 0.000 0.000 0.000

St. Dev. 0.090 0.097 0.093 0.096

Min -0.229     -0.217     -0.462     -0.409     

Max 0.382 0.463 0.282 0.325

RMS 0.090 0.097 0.093 0.096

Polimi
solution

AUTH 
solution

GCM
solution

UniZG
solution

# 1542 1542 1542 1542

Mean 0.057 0.068 -0.838 0.166

St. Dev. 0.128 0.128 0.127 0.135

Min -0.497     -0.448     -1.286     -0.326     

Max 0.574 0.507 -0.365 0.560

RMS 0.140 0.145 0.838 0.214


