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"Sealevel Anomaly and Mean Dynamic Ocean Topography analytical
O2 0 NAIyOS Fdzy OliiA2Y RSGSNNXAYIF GA 2\

ExtendedSummary

This MSc. diploma thesis under the titlS8ea level anomaly and mean dynamic ocean topography
Analytical covariance function determination to model sea level varidtioras elaborated by Dimitrios A.
Natsiopoulos in partial fulfillment for the deee of Master Dipl. Eng. at the Department of Geodesy and
Surveying School of Rural and Surveying Engineering (RSE), Faculty of Engineering, Aristotle University of
Thessaloniki (AUTH).

The main focus of this work is on studying the SLA (Sea Level Aih@pattral characteristics
based on empirically derived propertieslonitoring and understanding of sea level change at various
spatial and temporal scales have been the focus of many stullieag the past decades. The advent of
satellite altimetry andthe realization of the GRACE/GOCE missions offer new opportunities for the
estimation of sea level trends with heterogeneous data combination methods. In related studies, even
though the data combination and processing strategies have been carried oftilbawith proper control,
error propagation through analytical data variaro@variance matrices has been given little attention. The
latter is of importance since it can provide reliable estimates of the output signal error. This is especially
evident in e.g., leastsquares collocation (LSC), where analytical covariance function models for the
disturbing potential, its second order derivatives and geoid heights are used. No analytical models are
available for altimetric sea level anomalies making theioiporation in LSGased combination schemes
problematic. This work presents some new ideas and results on the determination of analytical covariance
functions for the sea level anomalies in the Mediterranean Sea. The focus is based ormsgsiga
altimetry data from ENVISAT for the entire duration of the satellite mission (2002). The estimation of
the analytical covariance functions is performed usiffgad 3° order Gausdviarkov models, exponential
ones, as well as a kernel similar to that of tisturbing potential.

The present study is focused in the entire Mediterranean basin, within the region bounded between
30° XK XK pand-10° X<XK “mIn this region, the statistical characteristics of the SLA have been studied
using altimetric observations from ENVISAT for the entire duration its mission-22003. The ENVISAT
data are SLAs values relative to the EGM2008 geopotential model. Alhygsogd and instrumental
corrections have been applied, so that corrected SLAs would be available.

The first chapter is dedicated to the problem statement and the objectives that this works needs to
address. The goals and the reasoning for such a suo/é¢ undertaken in the specific region are given
while a general description of each diploma's chapter is given too in this chapter.

The second chapter summarizes the fundamental theory and measurement principles of satellite
altimetry. At the beginningf the chapter recent altimetry history, applications and goals of the satellite
missions are presented, while another part of the chapter is dedicated to the detailed description of the
Envisat mission. A detailed analysis of empirical and analyticaliaowe functions is given. In order to
study the statistical characteristics of the SLA, first the empirical covariance models were derived. Given a



set of observations for the functiongd) under consideration, in our case the S(tR"), the empirical

covariances for a given spherical distances:
C(hSLA,I..]SLA,Y) — l\/{ iﬁ“,LAj %}AY

where, M denotes the mean value operator and i, j the SLA observations at two points in the area under
study with a distance . In order to determine some atytical model for the SLA covariance function
various options have been tested. The first class of analytical models, refers to exponential ones, where six
choices were examined, with varying number of parameters to be determined. The other class t€analy
models tested, refers to"and 3° order Gausdviarkov ones while finally, an analytical model similar to the

one for the disturbing potential has been us&dediction with LSC is describetiile the chapter ends with

the data description.

The thrd chapter deals with thewo main sets of tests that have been carried out for the
estimation of SLA analytical covariance functions. The first one refers to the use of a single pass of the
satellite, in order to study the stochastic characteristicshaf LA in the aloAgack (1D) direction. For that
case, the longest pass available in the Mediterranean Sea (pass 444) has been used in order to utilize as
many as possible SLA observations without any interruptions frortadd areas (islands, islescét The
second test refers to the use of the entire set of ENVISAT passes for the Mediterranean Sea so that the SLA
variability will be studied in both the alongnd crosdrack (2D) directionPrediction is carried out with LSC
in order to evaluate theaccuracy that they offer. Three tests are performed, the first one by omitting the
first 20 records of the track and using the rest for the prediction, the second by omitting the last 20 points
and the third by omitting every second point and using the festhe prediction. The tests cases are also
depicted with the boxes in Fig. 3, where the SLA for August 2005 and treamllite points for pass 444
are displayed.

In the forth chapter, the main results of the study are summarized. Sea level anvalabs at
monthly intervals between 2008009 are presented and commented, while all the statistical results are
pointed out in matrix form. The empirical covariance functions derived for the ENVISAT SLA data along pass
444 for all consecutive months withieach year between 2005 and 2009 are presented. Given th#ags
exact repeat period of ENVISAT the collection of monthly SLA empirical covariance functions is not equal to
twelve but varies between ten and eleven months for each year. In any case,domaanth, only data
falling in the specific time period have been used. The chapter continues with the total inverse barometer
correction on the raw data of 2008. Additionallgs far as the 2D case is concerndie empirical
covariance functions for atlycles of year 2008 (cycles-88) are presentedvhile an inner window was
selected for the area bounded between (3%, XX °caed 15 X)X %is depicted too. The same analysis
has been carried out for the DOT model of Rio. Analytical covarianceoiumdor all cases ardescribed
and commented. The chapter continues with the calculation of enpoesliction with LSC and ends witie
investigation of any possible correlations, between the ENVISAT SLA variances for pass 444 for the period
between 2@5 and 2010 with the SOI, NAO and MOI indexes.

Finally, in chapter five, the main results of the study are summarized and some proposals for future
investigations are presented
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