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Abstrakt

Vypustenie druzicovych misii zameranych na tiazové pole Zeme na zaciatku nového tisicrocia viedlo k
zlepSeniu presnosti globalnych gravitaénych modelov (GGM). Jednou z tychto misii bola druzica GOCE
vypustena v roku 2009. Ako prva niesla na svojej palube novy pristroj, tzv. 3-D gradiometer, ktory
umoznoval merat’ smerové derivacie druhého radu gravitacného potencialu (gravitaéné gradienty) s
jednotnou kvalitou a takmer globalnym pokrytim. Hlavnym ciel'om misie bolo uréit’ statické gravitacné
pole Zeme s ambicidznou presnostou 1-2 cm vo vyske geoidu a 1 mGal v tiazovych anomaliach pre
priestorové rozlisenie 100 km. Viac ako tri roky excelentnych merani vyustili do troch trovni datovych
produktov (Uroveii 0, Uroveni 1b a Uroven 2), Sest verzii GGMs a niekolko globalnych gridov
gravita¢nych gradientov. Mriezky, ktoré predstavuju krok medzi gravitatnymi gradientmi meranymi
priamo pozdiz obeznej drahy GOCE a gradientmi reprezentovanymi GGM, sa pouzivali hlavne v
geofyzikalnych aplikaciach.

V tomto prispevku validujeme oficialny produkt trovne 2 GRD SPW 2 pomocou vyskovych anomalii
v dvoch testovacich oblastiach, v strednej a severnej Eurépe (Cesko/Slovensko a Norsko). Na overenie
gridov gravitacnych gradientov pouzivame matematicky model zaloZzeny na spektralnej kombinacii
pomocou metdody najmensich Stvorcov. Tento model predlzuje gravitané gradienty so strednej
orbitalnej sféry druzice GOCE az na nepravidelny zemsky povrch (nie na strednt sféru) a transformuje
ich na vyskové anomalie v jednom vypoctovom kroku. Analytické chyby pokracovania smerom nadol
sa odhaduju pomocou syntetického testu. Pred porovnanim vysSkovych anomadlii odhadnutych z
gravitacnych gradientov s ich referenénymi hodnotami odvodenymi z GNSS/nivelacie v dvoch
testovacich oblastiach sa gravitacné gradienty a referen¢né udaje koriguju o vSetky systematické efekty,
ako je konverzia slapovych systémov. Okrem toho sa vysokofrekvencnd Cast’ gravitatného signalu
odhaduje a odpocitava od referencnych udajov, pretoze je zoslabena v gravitatnych gradientoch
meranych pomocou GOCE. Relativne zlepSenie medzi gridmi vydania 6 a vydania 2 dosahuje 48 % z
hladiska vyskovych anomalii v CR/SR. Relativne zlepienie v Noérsku je este vyraznejsie a dosahuje
55 %. Vydanie 6 oficialneho produktu trovne 2 GRD SPW 2 dosiahla absolitnu presnost’ so
standardnou odchylkou 9.1 cm v Cesku/Slovensku a 9.6 cm v Nérsku.

Abstract

The launch of gravity-dedicated satellite missions at the beginning of the new millennium led to an
accuracy improvement of global Earth gravity field models (GGMs). One of these missions was the
Gravity field and steady-state Ocean Circulation Explorer (GOCE) launched in 2009. As the first ESA's
Earth Explorer Mission, the satellite carried a novel instrument, a 3-D gradiometer, which allowed to
measure of second-order directional derivatives of the gravitational potential (gravitational gradients)
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with uniform quality and near-global coverage. The main mission goal was to determine the static
Earth's gravity field with the ambitious precision of 1-2 ¢cm in terms of geoid heights and 1 mGal in
terms of gravity anomalies for a spatial resolution of 100 km (half wavelength at the equator). More
than three years of outstanding measurements resulted in three levels of data products (Level 0, Level
1b and Level 2), six releases of GGMs, and several global grids of gravitational gradients. The grids,
which represent a step between gravitational gradients measured directly along the GOCE orbit and
those represented by GGMs, were used mainly in geophysical applications.

In this contribution, we validate the official Level 2 product GRD SPW 2 using height anomalies over
two test areas in central and northern Europe (Czechia/Slovakia and Norway). A mathematical model
based on the least-squares spectral weighting is employed with corresponding spectral weights estimated
to validate gravitational gradient grids. This model continues gravitational gradients from the mean
orbital altitude of GOCE down to the irregular Earth's surface (not to a sphere) and transforms them to
height anomalies in one computational step. Analytical downward continuation errors of the model are
estimated using a closed-loop test. Before comparing, height anomalies estimated from gravitational
gradients with their reference values derived from GNSS/levelling over the two test areas, the
gravitational gradients and reference data are corrected for all systematic effects, such as the tide system
conversion. Moreover, the high-frequency part of the gravitational signal is estimated and subtracted
from reference data as it is attenuated in the gravitational gradients measured by GOCE. A relative
improvement between the release 6 and release 2 gradient grids reaches 48% in terms of height
anomalies in Czechia/Slovakia. The relative improvement in Norway is even more significant and
reaches 55%. Release 6 of the official Level 2 product GRD SPW 2 gained absolute accuracy with the
standard deviation of 9.1 cm over Czechia/Slovakia and 9.6 cm over Norway.
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