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Introduction & Objectives
Since the early's 80's satellite altimetry resulted in an abundance of sea surface height
measurements. The exploitation of these data sets from past and current satellite
missions is crucial to both oceanographic and geodetic applications. However, given
land intrusion by the isles and islands in the Mediterranean Sea, only a limited number
of satellite altimetry data are available.
ESA’s Crysosat2 mission, given its orbit characteristics and measurement modes, offers
very dense (~7-8 km) cross-track resolution with an accuracy of ~1.5-2 cm for the LRM.
Cryosat gives a 5.7-5.8 cm std differences at the crossovers, which is at the same level as
that of ENVISAT and Jason2. Therefore it can be used for sea level anomaly, geoid and
DOT modelling, especially in closed seas like the Mediterranean.
The main scope of the present study is to utilize the satellite altimetry data of Cryosat2,
and GOCO05c global geopotential model in order to determine the DOT and circulation
for the Mediterranean Sea.

Data available and Methodology
Cryosat2 satellite altimetry data, from mission start in July 2010 up to the end of 2015
(Cycles 4 to 73), have been used for the determination of the DOT in the Mediterranean
Sea. To this respect, along-track filtering of the Cryosat SSHs relative to the DTU2015
MSS is investigated, along with 2D filtering for the entire Mediterranean Basin, to
model and remove/reduce the effects of the geoid omission and commission errors.
For the DOT determination, filtering is first investigated to model and remove/reduce
the effects of the geoid omission and commission errors. Both spatial and spectral
filters are tested and within the entire DOT evaluation, the RIO_MED synthetic DOT
model for the Mediterranean and the SMDT-MED-2014 model were used for
comparisons with the new model.

Figure 2: The Gaussian filtered DOT and circulation (200 km)

Geodetic MDOT determination
Spatial filtering is based on Gaussian and boxcar filters, while the spectral filtering was
carried out with wavelet (WL) Multi-resolution analysis (MRA), FIR and IIR filters.

The DOT can then be estimated as:
𝜻= 𝒉 − 𝑵
where, ζ is the DOT, N denotes the GOCO05c derived geoid height and 𝒉 the MSS.
Therefore, the estimation of the DOT needs to account for the un-modeled parts of the
geoid still remaining in the DOT due to the limited representation offered by the GGM.
Having estimated this initial DOT, and in order to remove, or at least reduce, the
influence of the omission error and the commission error, some spatial/spectral filtering
is needed.
The filtered DOT (𝜻) is then estimated by filtering the residuals, or initial DOT estimates,
as:
𝜻=𝒉 𝒙, 𝒚 ∙ 𝜻 =𝒉 𝒙, 𝒚 ∙ 𝜻 + 𝜹𝚴𝑳 + 𝜹𝑳
where, h(x,y) denotes the filter function with H(u,v) being its frequency impulse
response. The filter functions tested refer to Gaussian and Boxcar filters, for all of which
the smoothness of the estimated DOT is related to the filter width chosen.
Another option is Wavelet (WT) Mutli-Resolution Analysis (MRA). WT is based on
wavelets 𝝍𝜿 (𝒙) as basis function in order to represent other functions. The wavelet
function 𝝍 carries valuable information about the signal, while the scaling function 𝝋,
reveals the functional approximation. Since wavelets are base functions with
localization properties in both space (time) and frequency (scale) domains, there can be
a multiresolution analysis (MRA) at various levels of decomposition. Each Level of
decomposition corresponds to a spatial resolution. To determine the number of levels
the initial grid step of the data was used (5 or ~9 km). The first level extends from 9 km
Figure 3: WL MRA DOT for the levels 7 and 12 of decomposition and the synthesized MDOT
to 18 km, the second from 18 km to 36 km etc., until the last levels’ spatial analysis
reaches the earth’s perimeter. As a result when the grid step is 5, there are 12 Levels of The initial DOT has been filtered through FIR and IIR filters. For FIR, three bandpass filters with various cutoff
decomposition.
frequencies, one low pass and one high pass filter have been selected, while three IIR filters have been also used.
After the filtering, the DOT values have been interpolated along the pass 304 in order to be compared with RIO
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The last option tested for spectral filtering of the signal was digital filters with finiteduration impulse response (FIR filters) and infinite-duration impulse response (IIR)
filters.

Figure 4: PSD for initial DOT and FIR filters

For FIR a windowing Hamming filter and a bandpass filter were selected. For the
Hamming filter the 𝒘𝒏 is given by:
2𝜋𝑛
𝒘 𝒏 = 𝟎. 𝟓𝟒 − 𝟎. 𝟒𝟔 𝟏 − cos
𝑁−1

𝟎≤𝒏≤𝑵−𝟏

While for the bandpass filter the two-element vector is 𝒘𝟏 𝒘𝟐 𝐰𝐢𝐭𝐡 𝒘𝟏 < 𝒘𝟐 the two
cut off frequencies
For IIR filtering method the Butterworth filter below has been used:
𝑯𝒂 𝒋𝛀

𝟐

𝟏
= 𝚮𝜶 𝒋𝛀 𝚮𝜶 −𝒋𝛀 =
𝟏 + 𝛀𝟐𝚴

Figure 1: The initial MDOT (top-left), the boxcar filtered (200 km) circulation (top-right, bottom)

Figure 5: Evaluation of DOT filtered values
along pass 304,

Conclusions
• MDOT can be resolved following a geodetic approach
from an MSS and a GOCE-based geoid model.
• Spatial filters seem to over smooth the MDOT thus
removing useful information.
• WL MRA on the other hand allows for the
decomposition of the signal and the application of
selective filtering.
• FIR filters provide better results than IIR filters along the
pass while the min-max appear close to the coastline.
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Figure 2: The Gaussian filtered DOT and circulation (200 km)

Geodetic MDOT determination
Spatial filtering is based on Gaussian and boxcar filters, while the spectral filtering was
carried out with wavelet (WL) Multi-resolution analysis (MRA), FIR and IIR filters.
The DOT can then be estimated as:
𝜻= 𝒉 − 𝑵
where, ζ is the DOT, N denotes the GOCO05c derived geoid height and the 𝒉 MSS.
Therefore, the estimation of the DOT needs to account for the unmodeled parts of the
geoid still remaining in the DOT due to the limited representation offered by the GGM.
Having estimated this initial DOT, and in order to remove, or at least reduce, the
influence of the omission error and the commission error, some spatial/spectral
filtering is needed.
The filtered DOT ( 𝜻) is then estimated by filtering the residuals, or initial DOT
estimates, as:
𝜻=𝒉 𝒙, 𝒚 ∙ 𝜻 =𝒉 𝒙, 𝒚 ∙ 𝜻 + 𝜹𝚴𝑳 + 𝜹𝑳

where, h(x,y) denotes the filter function with H(u,v) being its frequency impulse
response. The filter functions tested refer to Gaussian and Boxcar filters, for all of
which the smoothness of the estimated DOT is related to the filter width chosen.
Three different widths have been choosen. 200,400 and 600 km.
Another option is Wavelet (WT) Mutli-Resolution Analysis (MRA). WT is based on
wavelets 𝝍𝜿 χ as basis function in order to represent other functions. The wavelet
function (ψ) carries valuable information about the signal, while the scaling function
(φ), reveals the functional approximation. Since wavelets are base functions with
localization properties in both space (time) and frequency (scale) domains, there can
be a multiresolution analysis (MRA) at various levels of decomposition. Each Level of
decomposition corresponds to a spatial resolution. For the wavelet transform, an
orthogonal wavelet, i.e., Daubechies 10 wavelet (db10) has been selected.To
determine the number of levels the initial grid step of the data was used (5 or ~9 km).
The first level extends from 9 km to 18 km, the second from 18 km to 36 km etc., until
the last levels’ spatial analysis reaches the earth’s perimeter. As a result when the grid
step is 5, there are 12 Levels of decomposition.
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Figure 3: WL MRA DOT for the levels 7 and 12 of decomposition and the synthesized MDOT

The initial DOT has been filtered through FIR and IIR filters. For FIR, three bandpass filters with various cutoff
frequencies, one low pass and one high pass filter have been selected while three IIR filters have been used.
After the filtering, the DOT values have been interpolated along the pass 304 in order to be compared with RIO
MED model and SMDT MED model.
Figure 4: PSD for initial DOT and FIR filters
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filters.
For FIR a windowing Hamming filter and a bandpass filter were selected. For the
Hamming filter the 𝒘𝒏 is given by:
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Figure 1: The initial MDOT (top-left), the boxcar filtered (200 km) circulation (top-right,bottom)

Figure 5: Evaluation of DOT filtered values
along pass 304,

Conclusions
• MDOT can be resolved for following a geodetic approach
from an MSS and a GOCE-based geoid model.
• Spatial filters seem to over smooth the MDOT thus
removing useful information.
• WL MRA on the other hand allows for the
decomposition of the signal and the application of
selective filtering.
• FIR filters provide better results than IIR filters along the
pass while the minmax appear close to the coastline.
• Future work includes the application of the IIR and FIR
filters on 2D case and the estimation of MDOT.
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