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Introduction

The atmosphere is the main source of noise
in high precision terrestrial gravity measure-
ments. Usually we can deal with this phenom-
ena by means of local pressure recordings uti-
lizing simple atmosphere models or standard
or site dependent admittance factors. Despite
of their great simplicity this method performs
very well. As this methods do not reflect the
physical phenomena of atmosphere impact on
gravity they limit the accuracy of high preci-
sion superconducting and ballistic gravimet-
ric measurements. This can be important ob-
stacle in terms of interpretation of subtle geo-
dynamic processes. We present here not yet
very well known so-called 3D atmospheremod-
elling with minor improvements using recent
numerical weather models. The calculation of
gravity corrections using this advancedmethod
is verified using large data set of superconduct-
ing gravimeter data. The improvement of atmo-
spheric corrections is confirmed with reduced
gravity residuals (in time and frequency do-
main), better agreement of tidal gravimetric
factors (mainly for long-period awes) and po-
lar motion gravimetric factor with values pre-
dictedwith Earthmodels. Within this work the
on-line service for computing 3D atmospheric
gravity measurements is also presented.

Importance

The atmosphere is one of most
important source of distur-
bances in gravimetry. This
effect can easily mask small
geophysical and geodynamics
signals.
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Figure: the solid blocks, arrows and
filled area represent geophysical and
geodynamical phenomena contained
in gravity signal. This includes ocean
noise, Earth free oscillations, core
modes, slow earthquakes, secular de-
formations (rectangles), tides, tidal
loading, pole tide (arrows) and hydro-
sphere (light irregular area). The atmo-
sphere is shown as dark filled irregu-
lar area (values for Józefosław Observa-
tory, idea after Hinderer, Crossley, and
Jensen 1995)

What’s wrongwith
standardmethod

Usually the impact of atmosphere is
reduced with single admittance factor.
This method works great but when sub
microgal precision is necessary this sim-
ple method could be not sufficient in
precise gravity measurements
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Figure: Changes of admittance factor for se-
lectedggp sites for different years within 1996 –
2011 period

Dataused in this
study
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Figure: In
this study
we used the
data from
ggp super-
conducting
gravimeters
(obtained
trough In-
formation
Systems and
Data Center)

Computation
scheme

With physical method we use different
approach for gravity and elastic term.
The gravity component is computed di-
rectly from atmospheric mass distribu-
tion while the deformation component
is determined using Greens functions
formalism.
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Figure: Geomet-
rical dependen-
cies for comput-
ing gravity com-
ponent

Comparisonof different
approach

Here we compare results of three different method for com-
puting atmospheric corrections – namely local admittance
factor along with local atmospheric pressure (1d), using sur-
face pressure distribution along with atmospheric Greens
functions (2d), and finally taking into account full verti-
cal atmospheric mass distribution from recent numerical
weather models (3d, here era-interim is shown, but sim-
ilar test were taken using also different models)
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Figure: Atmospheric gravity corrections differences for Canberra ggp
site

Results

Below are presented advantages of physical methods by
means of gravity residuals rms. We also observe imorove-
ment of tidal factors for long period tidal waves and pole
tide.

0% 25%

bo
ca
cb
es
ho
ho
ma
mb
mc
me
mony
pe
st
susy
tc
vi
we
we
we

1d−nc

0% 25%

−1%
0%

0%

8%
7%
5%
10%

1%
1%
3%

0%
1%
1%

10%
10%

2%

8%
2%
0%

21%
38%

8%

3d−1d

0% 15%

0%
0%

−2%
−1%

0%
−3%
−1%

−1%

0%

−1%

4%
3%
2%
4%

0%
0%

3%

0%

7%

6%
0%

5%

9%
14%

1%

3d−2d

Figure: Comparison of different type of gravity corrections for reduc-
tion of residuals rms ; nc means no atmospheric correction; note dif-
ferent scale on x-axis

Conclusions andreferences

The more advanced methods are crucial for detecting and
interpreting subtle geodynamic signals.
please see references in
Marcin Rajner. “Determining of atmospheric gravity corrections using numerical weather models”.
In Polish. PhD thesis. Warsaw University of Technology, Faculty of Geodesy and Cartography, 2014,
p. 117. url: http://www.grat.gik.pw.edu.pl/dr

for source code of computer program
grat. 2013–. url: https://code.google.com/p/grat
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