Latest results from the Geomed2 project: Geoid and DOT in the Mediterranean area
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Gravity database
Introduction

The gravity database consists of terrestrial data of BGI, and national
databases from Italy, Greece, Croatia. Due to bad data, gaps and
other problems in the east, all data have been removed from the
database and it was replaced with a simulated signal (pink area) that
has the same statistical features as residual gravity over sea.

The main aim of the Geomed2 project was the estimation
of the best possible geoid approximation, given the
available marine gravity data, for the wider
Mediterranean area, i.e. in the area bounded between 30
<  < 48 -10 <  < 40, on a 2’ 2’ geographical grid.

Several (old) datasets, in the eastern Mediterranean basin notably,
were added to the marine database, which significantly increased the
spatial coverage. However, all marine datasets are biased compared
to recent satellite gravity models, and complete de-biasing was
required. The method and the effect on the data are described below.

For the geoid estimation, all available shipborne gravity
data have been collected, edited, homogenized and used
to derive the most homogeneous possible dataset in
order to devise a gravimetric only geoid model. In that
respect, special attention has been paid to the data
debiasing, where both area-wise and track-wise methods
have been employed. The geoid estimation was based
on the well-known remove-compute-restore method,
employing different approaches for the actual geoid
modeling. The available gravity data have been gridded
on a regular 2’ 2’ grid in the computation area
employing ordinary kriging, serving 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. When
required, the low frequency components of the gravity
field have been modeled using EIGEN-6c4 to d/o 1000
and different methods for RTC reduction have been
tested. The estimated geoids have then been compared
with GPS leveling data and an independent
oceanographic geoid.

The ship gravity anomaly
data are displayed to the
left, clearly showing the
areas where data are
sparse. The left plot
presents the original data,
which are biased with
respect to global gravity field
models. The data have to be
de-biased, and this was
done by SHOM for each
individual ship profile. The
plot to the right shows data
after this operation.
An example of the
track-wise de-biasing
for a campaign in the
Ionian sea is shown
to the right.
The ship gravity
anomalies were then
compared with
DTU15 altimetry
inferred gravities, and
the differences are
quite small, as can
be seen on the left
(0.00 offet and StD of
difference: 3.75
mGal).

We present the advantages and pitfalls of each
processing step, discussing the possible sources of
noise and errors, while finally devising a final optimal
estimate to be used for geodetic and oceanographic
applications.

Geoid solution (Stokes FFT Wong-Gore)
The gravity data are reduced in two steps: first with the global model EIGEN6-C4 to d/o 1000 (20 km spatial scale), and then residual terrain
corrections using SRTM3 and a combined bathymetry model. Tests with a different terrain correction method were done, but the result was
not conclusive.
The plot to the left displays the regular 2’x2’ gravity residual grid used in the computation, the middle plot shows the residual geoid (before
restore of the satellite model and terrain effects) with large amplitudes around the Aeolian islands and south of Crete and Turkey, and the
geoid finally is presented to the right.

Conclusions & outlook

Validation of the solution
The validation of the geoid over sea is difficult due to lack of independent data. Over land, GPS leveling is used to tune the geoid computation (e.g.
WG-modification) and it can be used in relative testing. On the left and in the middle, GPS leveling results for the current geoid solution for the
Mediterranean area are displayed. These data are often close to the coast, and therefore can be used to quantify improvement also for the marine
geoid. The plot to the right shows the difference with an independent oceanographic geoid, obtained by a Mean Sea Surface (CNES-CLS15) minus a
high-resolution MDT (SOCIB_CLS). The StD of the difference is 8.1 cm, which is larger than the difference with EIGEN6-C4 (5.5 cm).

o Debiasing and trackwise bias adjustment of the marine
gravity data resulted in a better covariance function and
improved the final geoid by ~2 cm (w.r.t. GPS/Lev)
o Simulating the residual gravity anomaly signal in areas
with voids or no data, provides reliable results. Using a
GGM as fill-in is a «less attractive» option as no data are
present in such areas during the GGM development
o Final geoid tuning within October 2018. Fastcol to run and
FFT-WG to be fine tuned.
o GEOMED MDT (enhanced with drifter data) in 2019

StD = 8.1 cm
mean = -0.022 m
StD = 0.128 m

min = -0.551 m
max = 0.509 m

o Final free-air gravity, bouguer gravity, geoid and DOT
grids and maps by mid 2019 freely available

o Will be accompanied by metadata for easy incorporation
in online services, GIS/WebGIS platforms and online
processing engines

