Mean dynamic ocean topography determination from recent GOCE/GRACE geopotential models and satellite altimetry data
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so-determined MDOT models the surface geostrophic current velocities and the ocean circulation are studied for both areas. Boxcar (differences)[m] Cosine arch (differences)[m] Gaussian (differences)[m]
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The main objective of this work was to determine a DOT model named herein MDOTC (Mean Dynamic Ocean Topography Combined)
by combining the MSS from DTU10 and the geoid heights from GOCOO02S for the North Atlantic Ocean and the Mediterranean basin.

The data processing aimed to the optimization of the solution through the implementation of statistical tests and linear filters. The
filtering operations were carried out at various cut-off wavelengths (filter widths), so that the filter performance could be tested in

the resulting DOT model. The validation is performed through comparisons with the DTU2010 DOT model. Boxcar (MDOTC) [m] Cosine arch (MDOTC)[m] Gaussian (MDOTC)[m] Having estimated the best filtered MDOTC after 2o test, then, under the assumption of geostrophic flow the two components of the
Finally, an estimation of the surface geostrophic currents, calculated according to the steady-state geostrophic equations, is pre- N | : | . " | : | A(km) | max min | mean | std A(km) | max min | mean | std A(km) | max min | mean | std surface geostrophic currents can be determined in terms of the DOT as: v 82_ v @
sented describing the ocean circulation and known ocean currents in both study areas. 20 test in the filfferences N The MDOTC after 20 test in 30 test in the .dlfferences N The MDOTC after 30 testin 350 | 0.940 | -0.795 0149 | +0.423 350 0940 | -0795 | 0.149 | +0.423 500 1153 | -0.800 | 0.149 0.423 u, = =
GOCO02S and DTU10 data North Atlantic Ocean [m] Nortrmi'ilaa::c“(icean [m] North Atlantic Ocean [m] North Atlantic Ocean [m] oo | aee | e | o | aams P e Ry A L =0 | 1013 | 0958 | 0.245 | 0.420 - . N - e _fR o fRcosp oA
edailalaisie oy T — Vo Mrescen ; MOOTC afer 3o tes 700 | 0.863 | -0.747 | 0.146 | +0.414 700 | 0.863 | -0.747 | 0.146 | +0.414 800 | 0.939 | -0.742 | 0.148 | 0.418 Gzt 3 EEREERSE\ 0 0O
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ITG-Grace2010s data (d/o 180), (b) 8-months of GOCE Satellite Gravity Gradiometry (SGG) observations, (d/o 250), (c) 12-months of
GOCE satellite-to-satellite tracking in high-low mode (SST-hl), (d/o 110), (d) 8-years of CHAMP data, and (d/o 120) and (f) 5-years of
SLR data from 5 satellites (d/o 5).

MDOTC field after filtering with boxcar
“."'?\=400km (left), cosine arch A=400km
(middle) and Gaussian A=550km (right).
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DTU10MSS is an improvement of the DNSC08 model determined by the DTU Space Institute. This estimation was derived from 17
years of altimetry data (1993 to 2009) and has been mapped with a spatial resolution of 1'x1'. The accumulation of more and better
data, the improvement of the prediction methods, the filtering and sophisticated data processing as well as the use of a high-

resolution and high-accuracy reference model (EGMO0S8) lead to the determination of DTU10MSS. Correspondingly, the DTU10MDOT o , N iy | , o . : ' ,
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\_, ""+» Adriatic and Mediterranean Sea. MDOTC field af-
ter filtering with boxcar 600km (left), cosine arch
600km (middle) and Gaussian 780km (right) .

MDOTC estimation and statistical tests results
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(a) the geoid omission error (6N, ), arising from the fact that the used GGM to derive the geoid represents the geoid spec- FEN Lo ,f le : ol TELE | with boxcar 600km (left), cosine arch 600km
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trum only up to some maximum degree and order L=n,,,, and not to e, and (b) the geoid commission error (6, ), arising b | il

from the propagation of the spherical harmonics errors to the geoid defined, then we can re-write it as (N, denoting the ‘= S ‘e - 0O = - = ‘ : — . E— .
truncated contribution of the GGM): R R S Boxcar filter, Europe and Mediterranean basin

As indicated in the above Figures, the boxcar and cosine arch filtered MDOTC fields depict, with more detail, the ocean circulation compared to the Gaussian

. _ | ervosoruse s woorc e v oo oo ot R O e g T R —— one. Although the latter represents the general information of ocean circulation it does not however show the same detail as the other two filters for both ar-
F=h— N, =7+N—N,+68, =7+6N, +86, Boxc.:ar (MDOTC) [m] SR f"Ch (MDOTC)[m] Gauss.lan (MDOTC)[m] AR j ISy £ o eas under study. This is mostly due to the removal of signal after the filtering process with the Gaussian filter .
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Therefore, the estimation of the DOT needs to account for the unmodeled parts of the geoid still remaining in the DOT due | 300 |0.946 10820 | 0.154 | +0.419 500 | 9946 | 0820 | 0154 | #0410 490 | 1022 | 9861 | 0.1 | #0421 A method to estimate the MDOTC based on an MSS model and a geoid model is presented. From the initial results obtained, of main importance is the imple-
to the limited representation offered by the GGM. 190 10.884) 0.769 | 914 | 20.416 400 | 0.884 | -0.769 | 0154 | #0.416 >0 | 0354 | 0.590 | 0.1>4 | 40.418 T O _— . -:::- —— mentation of statistical tests and filters in order to reduce blunders as well as white noise, omission and commission errors. By evaluating the results acquired,
HaVing estimated this initial DOT, and in order to remove, or at least rEduce, the influence of the 5NL and 5L terms, some >>0 10.848| -0.754 | 0.153 | #0412 600 0.844 | 0.740 | 0.152 | £0.411 >>0 0904 | -0.782 | 0.154 | £0.41/ | | R T e | | it can be concluded that the procedure followed provides good MDOT estimates as far as the differences to available MDOT global models are concerned. Fur-
spatial filtering is needed. Moreover, in order to reduce blunders, mainly across the coastline from the such derived DOT, 700 [0.837] 0.737 | 0152 | +0.408 720 | 9.830 | 0.741 | 0151 | #0.407 0>0 | 9.838 | 0729 | 0153 | 20411 thermore, by using this MDOT estimation it was possible to study the ocean circulation and the current velocities of the two areas under study and identify
20 and 3o tests are performed. the most important currents but also eddies and small cyclones and anticyclones for both regions.
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