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MDOT AND TDOT COVARINACE FUNCTION DETERMINATION  

During the period of this newsletter and since the last newsletter in October 
2013, all project activities are going according to schedule. Having completed 
the detailed validation of the GOCE/GRACE GGMs, in this period the 
analysis of existing DOT models has been carried out. This refers to the 
determination of empirical and analytical covariance functions so that both 
the MDOT and TDOT information will be incorporated within an LSC 
adjustment scheme.  

MDOT ANALYTICAL COVARINACE FUNCTION MODELS 

In order to determine some analytical model for the DOT covariance 
function, various options have been tested. The first class of analytical 
models, refers to exponential ones and the second refers to 2nd and 3rd order 
Gauss-Markov. For the exponential ones six choices are examined, with 
varying number of parameters to be determined as follows: 
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In the above equations, a, b, c and d denote parameters to be determined so 
that the analytical covariance model will fit the empirical one. Note that all 
above models are a function of the spherical distance between the points 
where DOT values observations exist. The 2nd and 3rd order Gauss-Markov 
models are outlined in the following equations, where D is the characteristic 

distance, r is the planar distance and ζσ
2

the MDOT variance: 
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Moreover, a model similar to that of Tcherning and Rapp for the gravity field 
disturbing potential will is tested, where the analytical model is described as:  
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where σn(ζc) are the degree variances of ζc. For the description of the behaviour of the degree variances given in the 
analytical model  
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we employ a 3rd degree Butterworth filter, so that the degree variances of the MDT are given as: 
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The factors b, k1, k2 and RB are determined so that the analytic model fits the empirical values describing the statistical 
characteristics of the MDOT in the area under study and more precisely the variance and the correlation length 

TDOT ANALYTICAL COVARINACE FUNCTION MODELS 

For the determination of analytical covariance function for the time varying DOT a model similar to the one of Knudsen 

(1991) will be used. In this model, the signal degree variances of the δζ have been introduced, so that δζ varies with time. 

Time-dependency should enter in the computation of Cδζδζ in a way that temporal correlations are given in the same way as 

spatial ones. Therefore, for some time-separated points  t t t'Δ  the covariance function of δζ can be expressed as: 
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where κδζ is a conversion factor representing in the case of the time-varying SST the correlation time of the signal. This 

should be studied and determined in each region under study, since the characteristics of δζ vary significantly for each 

area and in open or closed sea regions (Knudsen and 

Tscherning 2006). The degree variances  tnσ δζ2 are 

determined as in the case of the MDOT, i.e., through a 3rd 

order Butterworth filter. Salinity and temperature, in-situ 

oceanographic data, climatology and geostrophic surface 

current models can be used in order to fit analytical values to 

empirical ones. 

GOCE-BASED MDOT 

Given the availability of the recent GGMs from the satellite 
gradiometry mission of GOCE and their validation within 
GOCESeaComb, the latest GGMs based on GOCE and 
GRACE can be used to determine a DOT model for the wider 
area under study. As far as the mean dynamic ocean 
topography model is concerned, this can be derived from a 
combination of a GGM and some mean sea surface (MSS) 
model, which for the GOCEseaComb project will be the one 
from the Danish Space Agency group (DTU2010). The 
concept of DOT (ζ) estimation is quite simple and relies on 



the fact that it can be computed as the difference between the MSS and the geoid, taking into account that both are 
available for the area under study. Two points that need attention are that both the MSS and geoid fields should refer to 

the same 
reference 
ellipsoid and 
the same 
tidal system. 
Within 
GOCESeaCo
mb, and in 
order to be 
compatible 
with all other 
processing 
methodologi
es followed, 
the tide-free 
system has 
been used. 
The filtered 

DOT ( ζ̂ ) is 

then 
estimated by 
filtering the 
residuals, or 
initial DOT 
estimates, 
as:  
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where h(x,y) is the filtering function with H(u,v) being its frequency impulse response. The ones used refered to boxcar, 
cosine arch, Gaussian and wiener-type of filters, for all of which the smoothness of the estimated DOT is related to the 
filter width chosen. Finally, the boxcar filtered DOT was selected as the optimal choice with a cut-off frequency of 250 km. 
Examples from the GOCE and altimetry based estimations of the MDOT and the ocean circulation are presented in the 
Figures above. 

MDOT ANALYTICAL COVARIANCE FUNCTIONS 

The analytical covariance functions have been determined for three DOT models in the Mediterranean. These were the 
abovementioned GOCE-based DOT and the two models by M.E. Rio. The Figures below depict the DOT in the area under 
study. The latest Rio model does have an empirical covariance similar to that of GOCE, while the earliest version seems to 
underestimate the DOT in the region (see Figure below). The aforementioned analytical models where fitted to the 
empirical values, while their prediction accuracy was assessed as well.  

  



 

 For all models, the achieved 
accuracy is below 1 cm 
indicating that the selected 
analytical models as well as the 
prediction methodology carried 
out, provide robust results.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rio and Hernadez 

 min max mean std 

ζ -17.183  24.357  0.854 ±6.851  

MODEL A -0.944 2.220 0.002 ±0.159 

MODEL B -1.021 2.099 0.001 ±0.156 

MODEL C -1.372 1.442 -0.001 ±0.149 

MODEL D -6.867 4.630 -0.004 ±0.938 

MODEL E -1.140 1.797 0.000 ±0.152 

MODEL F -0.988 0.842 -0.002 ±0.087 

MODEL G -0.988 0.842 -0.002 ±0.087 

MODEL H -1.542 0.852 -0.002 ±0.085 

 



 

 

 

 

 

Rio et al. 

 min max mean std 

ζ -20.600  44.300 4.739 ±10.988  

MODEL A -1.699 1.101 0.000 ±0.052 

MODEL B -1.700 1.010 0.000 ±0.052 

MODEL C -0.984 1.436 0.000 ±0.052 

MODEL D -8.141  4.890  0.003  ±0.892 
MODEL E -0.990 0.700 0.000 ±0.043  

MODEL F -0.300 0.246 0.000 ±0.038 

MODEL G -0.305 0.246 0.000  ±0.038 

MODEL H -0.300 0.245 0.000 ±0.038 

     

     
 

Combined model (window case) 

 min max mean std 

ζ -19.65  13.35 1.723 ±5.123  

MODEL A -1.482 0.776 -0.001 ±0.090 

MODEL B -1.519 1.050 -0.006 ±0.106 

MODEL C -1.421 0.641 -0.001 ±0.086 

MODEL D -9.840  30.067  -0.065  ±1.850 
MODEL E -1.433 0.856 -0.001 ±0.090 

MODEL F -0.296 0.411 0.000 ±0.036 

MODEL G -0.296 0.410 0.000  ±0.036 

MODEL H -0.350 0.434 0.000 ±0.031 

     

     
 



ACRONYMS 

LSC Least Squares Collocation 

MDOT Mean Dynamic Ocean Topography 

TDOT Time-varying Dynamic Ocean Topography 

SLA  Sea Level Anomalies 
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