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Abstract. Preliminary results of calculation of the atmospheric gravimetric effect for 2006 are presented. The
calculation was based on the spherical expansion of the surface atmospheric pressure fields of the European rea-
nalysis project ERAS, according to the method described in [Spiridonov, 2019]. This technique involves the cal-
culation of the sum of the atmospheric loading effect and direct Newtonian attraction created by the air masses.

Comparison of the calculated time series of the effect with observational data on six superconducting gra-
vimeters of the Global Geodynamic Project (GGP) network located in Bad Homburg, Medicina, Membach,
Moxa, Strasbourg and Vienna, as well as with the series taken from the EOST website was carried out.

To remove the tide in the inelastic rotating self-gravitating Earth with the ocean from the series of obser-
vations the program ATLANTIDA3.1 2017 was used [Spiridonov et al., 2017]. The amplitude delta-factors of
tidal waves for this program were calculated in [Spiridonov, 2017], and the loading delta-factors used in the cal-
culation of the ocean load effect are shown in [Spiridonov, Vinogradova, 2017]. To calculate the oceanic gravi-
metric effect the oceanic tidal model FES2012 was applied.

The analysis of the results of calculating the atmospheric gravimetric effect obtained both with and with-
out taking into account the inverted barometer effect is carried out.

The standard deviations of the difference series obtained by subtracting from the series of observations
the dynamic tide, the ocean effect, and the atmospheric effect calculated in this work do not exceed 0.2-0.3 uGal
in the period range from 4 to 60 days.

Keywords: Earth’s tides, atmospheric gravimetric effect, atmospheric gravitational attraction, atmospheric load-
ing effect.

Introduction

The purpose of this article is a preliminary assessment of the quality of the atmospheric
gravimetric effect calculation results, performed according to the method described in [Spiri-
donov, 2019]. This method provides the calculation of both the atmospheric loading effect
and the Newtonian direct attraction created by air masses using in both cases the simple
spherical layer method. To calculate the atmospheric gravimetric effect, the spherical har-
monic expansion of the surface atmospheric pressure of the European reanalysis ERA5 pro-
ject was used, rather than Green's functions that are used in almost all similar works of other
researchers. This approach significantly reduces the time and volume of calculations, while ex-
cluding the need to introduce near and far zones, which makes it possible to determine the grav-
imetric effect of the atmosphere at a given point at a given time, taking into account at once all
the features of the atmosphere behavior on the entire Earth's surface, and not on its predeter-
mined ones.

The quality of the calculation results was assessed by comparing the calculated time se-
ries of the atmospheric gravimetric effect with the observational data carried out by modern
superconducting gravimeters at six stations of the GGP network located in Europe (Fig. 1).
The main characteristics of the series of gravimetric observations at these stations are present-
ed below right after a brief description of the ERA5 surface pressure data and the specifics of
calculating the atmospheric effect.
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To obtain the experimental curve of the atmospheric gravimetric effect, the theoretical
tide calculated for the elastic rotating Earth with the ocean should be subtracted from the ob-
servations. This is also discussed in this article.

The series of the atmospheric gravimetric effect calculated in this work are compared
with the series obtained by other authors. Besides, a detailed comparative analysis of the de-
gree of closeness of different calculated variants to the observed series was also carried out.

The last section of the work is devoted to the software implementation of the calcula-
tions performed during its preparation; a brief description of the program AURORA1.0 2019
for calculating the atmospheric gravimetric effect is given.

Initial data and calculation methods

To calculate the atmospheric gravimetric effect, the authors applied the spherical har-
monic expansions of surface atmospheric pressure maps at mesh points 0.25x0.25° with a
time step of 1 hour. These data, which are freely available at
https://cds.climate.copernicus.eu/, are obtained in the framework of the latest ERAS global
atmospheric reanalysis project by the European Center for Medium-Range Weather Forecasts
(ECMWF) [Dee, 2011]. The expansion of the surface pressure was carried out up to 360 or-
der; 8,760 hourly data files for 2006 were processed.

Newtonian (Aggirect) @and load (Agioaq) COMmponents of the effect were calculated by the
formulas

3 & N Ak K o k
AQ iy =— —— cos(kAr) +B” sin(kh) )- P*,
gdlrect poagzn_’_l;(An ( ) n ( )) n
o0 Sn
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AQypus = p0a§2n+lk§(A‘ cos(kr) + B sm(kk)) P¥,

where p, and a — average density and average radius of the Earth; n — the order of spherical
harmonic expansion of atmospheric pressure; A“ and B — the coefficients of this expansion;
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P“— Legendre polynomials of order n and degree k (see formulas (6), (7) in [Spiridonov,

2019])).

Two variants of calculations were analyzed - with and without taking into account the
inverse barometer effect. In the second case, the “land — ocean” mask was applied, recalculat-
ed into mesh points 0.25x0.25°. That helped to reset to zero the values of the surface atmos-
pheric pressure over the ocean surface.

In [Spiridonov, 2019], the total series of the atmospheric gravimetric effect was con-
sidered as the sum of four series - the atmospheric loading effect, the attraction of the at-
mosphere, and corrections to these two series for the finiteness of the expansion order.

Below, as an example, the plots of the atmospheric loading effect and atmospheric at-
traction of 2006 for Vienna station are presented (Fig. 2). Previously, their average values

were removed from the series.
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Fig. 2. Plots of atmospheric attraction (curve 1) and atmospheric loading effect (curve 2) in Vienna
point of the GGP network. Observations of 2006
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As can be seen in Fig. 2, the attraction of the atmosphere is several times greater than
the loading effect. So, if the amplitude of the loading effect usually does not exceed 2-3
uGal, then the attraction of the atmosphere can reach 10 uGal. The RMSD values for the se-
ries of attraction are 3.086 nGal, for the series of the loading effect — 0.815 pGal.

In addition to the four components of the atmospheric gravimetric effect, considered
earlier in [Spiridonov, 2019], in this work, the authors took into account the fifth component -
the time-varying atmospheric loading effect. This effect is associated with changes in the av-
erage surface atmospheric pressure, which are caused by variations in the mass of the atmos-
phere due to fluctuations in its humidity. It can be calculated by the formula
AQp .y = —Gh;’C(‘,’, where p, =5.5134-10% kg/m® — the average value of the Earth's density; a —

0
the average radius of the Earth; h;=—0.1326 — the zero-order load Love number [Spiridonov,

GEOPHYSICAL RESEARCH. 2020. Vol. 21. No. 3



— 1
P an
ocean) surface atmospheric pressure p, where p(0, A) is the surface atmospheric pressure,
which is a function of colatitude 6 and longitude A; do=sin6d06dA — surface element of a

sphere of unit radius. The amplitude of the effect is about 0.035 pGal; the overwhelming part
of the dispersion of the series falls on Sa annual wave. This effect is calculated without taking
into account the inverse barometer effect, which does not work for the average pressure.

The results obtained by the authors were compared with the results of other researchers,
in particular, with the series of the atmospheric gravimetric effect published on the EOST*
website, calculated using the Green's functions plotted for the entire surface of the globe with
the selection of the near zone. The method for calculating these series is described in [Boy,
Gegout, Hinderer, 2002; Boy, Chao, 2005; Boy, Hinderer, 2006], which are a continuation of
the already classic articles [Warburton, Goodkind, 1977; Spratt, 1982; Merriam, 1992].

As noted above, the quality of the gravimetric atmospheric effect calculation was also
evaluated by comparing the obtained results with observational data at six European points of
the GGP network (see Fig. 1): Bad Homburg, Medicina, Membach, Moxa, Strasbourg, Vienna.
The main characteristics of these points with an indication of the timing of observations on
them are given in Table 1; the table also includes the values of the regression coefficients ob-
tained from our data (ks) and published on the EOST (keost) Website. In fact, these coefficients
are multipliers designed to convert the series of atmospheric pressure into the series of atmos-
pheric gravimetric corrections.

Modern superconducting gravimeters are characterized by an unprecedented (nanogal)
resolution in a wide frequency band with a stability approaching several pGal / year. This
ensures the most accurate measurement of long-term (from years to decades) gravitational
signals, i.e. registration of a wide range of processes from long-period seismicity (1000 s) to
tectonic movement of the earth's crust, occurring for many years or decades [Hinderer,
Crossley, 2004].

Vinogradova, 2017]; CJ = _[ p(6,1)do , — the average over the earth's surface (land +

Table 1. The main characteristics of the GGP network points, which observational data are used in

this article
Regression
. Coordinates Altitude Period of observations coefficients,
Points Tools nm-s GPa*
0,°N | A, °E h, m Beginning End Ks Keost

Bad Homburg | 50.229 | 8.611 190 Gc;/\\//\lf;gai: 13.02.2001 | 30.01.2013 | -3.373 | —3.06679
Medicina 44522 | 11.645 28 GWR C023 02.01.1998 | 30.01.2014 | —3.559 | —3.06679
Membach 50.609 | 6.007 250 GWR C021 04.08.1995 | 30.12.2011 | -3.304 | -3.06679
Moxa 50.646 | 11.616 455 CD 034 HIGH | 02.01.2000 | 29.06.2012 | —3.339 | —3.06679
Strasbourg 48.622 | 7.684 185 GWR C026 02.03.1997 | 30.12.2012 | —-3.380 | —3.06679
Vienna 48.249 | 16.357 193 SUP-GWR C025 | 02.08.1995 | 21.10.2007 | —3.498 | —2.21047

1 EOST - Ecole et Observatoire des Sciences de la Terre de I'Universite de Strasbourg (School and Observatory
of Earth Sciences of the University of Strasbourg). http://loading.u-strasbg.fr/surfg_form.php
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To remove the tide in an inelastic rotating self-gravitating Earth with an ocean from the
observation series ATLANTIDA3.1_2017 program was used [Spiridonov et al., 2017]. The
amplitude delta factors of tidal waves used by the program were calculated in [Spiridonov,
2017]; load delta factors used in calculating the oceanic loading effect are given in [Spiri-
donov, Vinogradova, 2017].

Comparison of the results of the atmospheric gravimetric effect calculation with
observational data at the GGP network points

Not only the series of the atmospheric gravimetric effect calculated in this work (here-
inafter referred to as “S series”), but also similar series published on the EOST website (here-
inafter referred to as “EOST series”) were compared with the observational data at the GGP
network points. Therefore, it seems necessary and interesting to compare these series with
each other. The statistical characteristics of the S and EOST series for six points of the GGP
network are given in Table 2; calculations for both sets of series are performed taking into ac-
count the inverse barometer effect. The similarity of the series calculated by different meth-
ods can be judged from Fig. 3, which shows their comparison for Vienna point.

When comparing the S and EOST series, their similarity immediately attracts attention
which is especially surprising, since significantly different methods were used in calculating
the series. Our calculations (S series) are based on the spherical harmonic expansion of sur-
face atmospheric pressure over a grid of the entire globe. When calculating the EOST se-
ries, Green's functions were applied in the near (up to 0.25° in latitude and longitude) and
far zones. And although the calculations performed according to the named methods are
mathematically completely identical, in practice, the obtained results can be significantly
different from each other. In addition, the applied method does not involve data on changes
in atmospheric pressure with altitude, since it was previously shown (see [Spiridonov, 2019])
that this does not lead to a noticeable increase in accuracy.

Table 2. Statistical characteristics of the series of atmospheric gravimetric effect for six points of the
GGP network, obtained in this work (S series, in bold), and similar series published on the EOST web-
site (EOST series)

Average value Root mean square deviation (RMSD)
Point Series for the series For the series For difference of S and EOST series
uGal pGal pGal %
1 2 3 4 5 6
S -151.944 2.561
Bad Hombur 0.093 3.6
U9 "eosT | 0145 2,553
-163.175
Medicina S 2.317 0.135 6.0
EOST —-0.298 2.210
S -155.586 2.717
M h A1 4.4
embac EOST | _0.106 2.668 0.119
S -134.379 2.460
M 0.133 5.5
@ EOST -0.195 2.415
S -151.223 2.353
2 )
Strasbourg EOST 0139 2319 0.205 8.8
) S —130.247 2.263
\Y A .
ienna EOST 0267 2278 0.196 8.6
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Fig. 3. Comparison of the series of atmospheric gravimetric effect calculated by the authors (S series, red
curve) with the series published on the EOST website (EOST series, blue curve). The green curve is the
difference between the S and EOST series. Observations of 2006, Vienna point of the GGP network

In the analysis of statistical characteristics given in Table 2, rather large average values
for the S series (see column 3, bold type), lying in the range from —130.247 to —163.175 uGal,
attract attention. The maximum difference of 32.928 puGal was noted between Vienna and
Medicina; the minimum (0.721 uGal) - between Strasbourg and Bad Homburg. Such signifi-
cant differences, firstly, can be caused by low-frequency trends that can be detected on large
time scales; secondly, it is likely that some of these average values are a consequence of the
atmospheric action at a given point, which can be considered constant in time. In the latter
case, the same absolute gravimeter will invariably in time show different values of the gravi-
tational acceleration at different points of the globe only due to the Newtonian attraction of
the atmosphere, which basically sets large differences in average values.

This issue requires more detailed consideration on time series that are significantly
longer than the annual one. So far, we can only additionally note that the obtained average
values of the series do not correlate with height of the stations above sea level.

The smallest RMSD for the series of the atmospheric effect are observed at Vienna
point (2.263 pGal for the S series and 2.278 uGal for the EOST series), the largest at Mem-
bach point (2.668 nGal for the S series and 2.717 pGal for the EOST series), i.e. the difference
between observation points for this indicator can reach 0.4-0.45 pGal. The smallest RMSD
value of the difference series obtained by subtracting the results published on the EOST web-
site from our data (see Table 2, column 4) is observed at Bad Homburg (0.093 uGal or 3.6%),
and the largest - at Strasbourg (0.205 pGal or 8.8%) and Vienna (0.196 puGal or 8.6%).

It is clear that such differences are significant in terms of accuracy of the modern grav-
imetric observations, and therefore it is advisable to see if any of the compared series — S or
EOST — are closer in their values to observations at the GGP network points.

In addition, we must add that we did not carry out a comparison of series in terms of the
spectral composition due to their limited length, but in the future, we expect to come back to
this issue.
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Further analysis can be carried out using Table 3, which presents the results of compar-
ing the calculations performed for the six points of the GGP network considered in this work,
as applied to different variants of the difference series. The results of calculations for the S se-
ries are highlighted in bold, without highlighting - for the EOST series.

In Table 3 and further in the text, when describing the variants of the difference series,
the following notations are used:

OBS — observed series of gravimetric measurements at the considered points of the
GGP network;

TH — TH — theoretical values of the dynamic tide in an inelastic rotating self-gravitating
Earth with an ocean, calculated using the ATLANTIDA3.1_2017 program;

Patm — atmospheric gravimetric effect;

PM — correction for pole movement;

TREND - low frequency trend,

TIDE - residual tide in the range of periods up to 4 days.

One asterisk in the table marks the results of calculations taking into account the inverse
barometer effect, two asterisks — without it.

Table 3. Root-mean-square deviations (RMS, pGal) for different variants of difference series, illus-
trating the comparison of theoretical series of the atmospheric gravimetric effect, calculated by the au-
thors (series S, bold) and published on the EOST website (EOST series) with the series of gravimetric

observations at six points of the GGP network

Variant of difference series Bad Homburg | Medicina | Membach | Moxa | Strasbourg | Vienna
1 |OBS-TH 2.809 2.523 3.192 2.403 2.314 2.272
2 1.475 1.554 1.384 1.048 1.147 0.770
3 | OBS-TH-Patm 1.478 1.902 1.291 0.955 0.921 0.835
4 | OBS-TH-Patm-PM 1.449 1.436 1.385 0.950 1.117 0.769
5 1.490 1.772 1.261 0.829 0.875 0.695
6 1.472*%* 1.115** 1.716** | 0.973** 1.128** 0.673**
7 | OBS-TH-Patm 1.470** 1.559** | 1.550** | 0.784** | 0.903** | 0.539**
8 | OBS-TH-Patm-PM 1.406* 1.008* 1.717* 0.973* 1.115* 0.630*
9 1.385* 1.357* 1.548* 0.782* 0.866* 0.482*
10 | OBS-TH-Patm 1.427* 1.029* 1.745* 0.959* 1.111* 0.608*
11 | OBS-TH-Patm-PM 1.406* 1.403* 1.563* 0.762* 0.882* 0.434*
12 | Al (OBS-TH-Patm) -0.021* -0.021* | -0.028* | 0.014* 0.004* 0.022*
13 | A2 (OBS-TH-Patm—PM) -0.021* —0.046* -0.015* 0.020* -0.015* 0.048*
14 TREND 1.356* 1.359* 1.405* 0.657* 0.758* 0.365*
15 1.327* 1.284* 1.380* 0.676* 0.772* 0.384*
16 0.296* 0.291* 0.342* 0.334* 0.264* 0.226*

OBS-TH-Patm—PM-TREND-TIDE

17 0.299* 0.299* 0.320* 0.353* 0.296* 0.260*
18 | A3(OBS-TH-Patm-PM-TREND-TIDE) 0.003* 0.007* -0.022* | 0.019* 0.032* 0.035*

Note: * — calculations taking into account the inverse barometer effect (1B), ** - without it (nonlIB).

Row 1 of Table 3 shows the results for the difference series obtained by subtracting of
the theoretical values of the dynamic tide in an inelastic rotating self-gravitating Earth with an
ocean (TH) from the observed series (OBS). The ATLANTIDAS3.1_2017 program was used to
calculate the theoretical values. The minimum (2.272 pGal) RMS deviation of the OBS — TH
difference series was noted at Vienna point, the maximum (3.192 pGal) - at Membach point.

GEOPHYSICAL RESEARCH. 2020. Vol. 21. No. 3
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The calculations presented in rows 2-5 illustrate the effectiveness of the regression co-
efficients in calculating the atmospheric gravimetric effect (see Table 1 for the values of the
regression coefficients). The results of the analysis carried out by the authors are highlighted
in bold; results shown on the EOST website are given in regular type. In both cases, the upper
rows (see rows 2, 4) present the RMSD values for the OBS—-TH-Patm difference series, where
Patm is the atmospheric gravimetric effect values calculated from the microbarograph read-
ings using the corresponding regression coefficients; in the bottom rows - the values of the
RMS deviations for the difference series OBS—-TH-Patm—PM, where PM is the correction for
pole movement (pole tide). First of all, we see that the subtraction of the atmospheric effect
leads to a decrease in RMSD value of the OBS — TH difference series in two or more times.
Additional subtracting of the pole tide reduces the RMS deviations at four points out of six -
Membach, Moxa, Strasbourg, Vienna. At Bad Homburg and Medicina, the polar tide seems to
be “playing” against the instrumental trend. At the same time, the use of regression coeffi-
cients from the EOST website in calculations leads to better results, especially after additional
removal of the pole tide from the difference series. The minimum RMSD value for the differ-
ence series after subtracting the atmospheric effect using the regression coefficients is ob-
served for Vienna (0.695 uGal), the maximum - for Medicina (1.772 pGal).

Further Table 3 shows the RMSD values for the difference series obtained after sub-
tracting the atmospheric gravimetric effect that was calculated in this work by spherical har-
monic expansion of the surface atmospheric pressure of the ERAS project without taking into
account the inverse barometer (see rows 6, 7). When shifting from OBS-TH-Patm series for
the regression coefficient ks (row 2) to the corresponding series of ours (row 6), the most pro-
nounced decrease in the RMSD value of the residual series at Medicina and Vienna points - at
the first point the RMSD decreases by 0.439 uGal to 1.115 pGal, in the second, by 0.097 uGal
to 0.673 pGal. In this case, the calculation results “move away” from observations only at
Membach point, where the RMSD value of the difference series increases by 0.332 pGal,
reaching 1.716 pGal. Comparison of the OBS-TH-Patm-PM difference series obtained by
additional subtraction of the pole tide leads to similar results. Again, the most significant drop
in RMSD is observed at Medicina and Vienna points, where their values decrease by 0.343 (to
1.559) pGal and 0.295 (to 0.539) uGal, respectively. A noticeable gain from the introduction
of PM correction is also noted at Moxa point (decrease in the RMSD value by 0.171 pGal to
0.784 pGal); the loss is again visible at Membach point (by 0.259 uGal to 1.550 pGal).

The situation is somewhat improved by the use of the inverse barometer effect, that is
confirmed by the data for two difference series — OBS-TH-Patm and OBS-TH-Patm-PM.
For the OBS-TH-Patm series (see rows 6 and 10), the most noticeable decrease in RMSD
values is observed at Medicina and Vienna points, at the first one it was —0.086 uGal (up to
1.029 pGal), at the second - —0.065 pGal (up to 0.608 pGal). The smallest (by 0.029 pGal)
discrepancy between the results of calculations and observations is still observed at Membach
point.

After subtracting PM pole tide from the considered difference series (OBS-TH-Patm-—
PM series in rows 7 and 11), the RMSD values decreased most noticeably at Medicina (—
0.156 pGal, to 1.403 pGal) and Vienna (—0.105 pGal, to 0.434 pGal). In addition to Vienna
point, low (less than 1 nGal) RMSD values of the series under discussion were noted at Moxa
(0.762 pGal) and Strasbourg (0.882 pGal) points.

Continuing the analysis of Table 3, we compare the results obtained with considered the
inverse barometer effect by the authors of this article (rows 10, 11), and similar results pub-
lished on the EOST website (rows 8, 9). Row 12 shows the discrepancies between the RMSD
values for the difference series of two models, denoted as Al (the variant of the difference se-
ries is indicated in brackets). It can be seen that for the OBS-TH-Patm series (rows 12), our
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model is significantly (by 0.022 pGal) better than the EOST model only at Vienna point. After
subtracting the pole tide for the OBS-TH-Patm—PM difference series (A2, row 13), the gain
of our calculation at Vienna point reaches 0.048 puGal with the RMSD of residual series of
0.434 pGal.

At each of the six points of the GGP network considered in the work, the authors calcu-
lated the RMS deviation for the trends shown in Table 3 in rows 14 (calculations performed
by the authors) and 15 (data published on the EOST website). To highlight the trends, we
used a fifth-degree polynomial; in addition, harmonics with periods exceeding 60 days were
taken into account. The most low-frequency trends were noted at Membach (RMSD is 1.405
uGal), Bad Homburg (RMSD is 1.356 uGal), and Medicina (RMSD is 1.359 uGal). The val-
ues of the RMS deviations of the corresponding series of trend components, representing the
overwhelming part of the dispersion of the observation series at three named stations, are giv-
en in brackets. The lowest trend amplitude is observed at Vienna. The trend at Membach point
Is obviously instrumental in nature, which is indicated by the presence of five gaps in the an-
nual series of observations in addition to the magnitude and nature of the trend.

In rows 16, 17 of Table 3 are given the RMSD values for the difference series after sub-
tracting from the observed gravimetric series (OBS) the theoretical tide for the Earth with the
ocean (TH), the atmospheric effect (Patm), calculated taking into account the inverse barome-
ter effect, the pole tide (PM), which is mainly due to inaccuracies in the calculation of oceanic
gravimetric effect and high-frequency noises, low-frequency trend (TREND) and residual tide
in the range of periods up to 4 days (TIDE) together with the RMS deviation of the differ-
ences in these series (row 18). From the comparison of the indicated RMS deviations it fol-
lows that after removing the trends, our calculations (row 16) come nearest to the observa-
tional data than the calculations published on the EOST website (row 17). The only exception
is Membach. The best results are still noted for Vienna, where the RMSD of the residual se-
ries obtained after subtracting the trend is 0.226 uGal, which is by 0.035 pGal less than the
RMSD of the residual series determined from the results of the EOST calculations. For Stras-
bourg point, the advantage of our calculation reaches 0.032 uGal, for Moxa point - 0.019
pGal.

Thus, after removing the low-frequency trends (periods of more than 60 days), which,
apparently, are mainly instrumental in nature, the results of our calculations of the atmospher-
ic gravimetric effect begin to exceed the results of the EOST, since they turn out to be closer
to the results of gravimetric observations. However, this conclusion is still preliminary - for
final conclusions, an analysis of long-term series is required.

Software implementation of calculations.
AURORAL.0_2019 program

The possibility of calculating the atmospheric gravimetric effect was implemented by us
in the form of a computer program AURORA1.0_2019", which interface is shown in Fig. 4,
above. To start the program, you need to enter the name of the station, its geographic coordi-
nates, calendar dates of the beginning and end of the calculated interval, then press the RUN
button.

In the head of the issuance protocol (see Fig. 4, below), in addition to the data entered
by the user, the average value of the calculated series is given. The step of the outputted time

! Spiridonov E.A., Vinogradova O.Yu. The program AURORAL.0 for determining the atmospheric gravimetric
correction for the operating systems WINDOWS 7, 8, 10. Certificate of state registration of the computer pro-
gram No. 2019664579 of November 08, 2019.

GEOPHYSICAL RESEARCH. 2020. Vol. 21. No. 3



14

series, which is the sum of the atmospheric loading effect and the atmospheric attraction, is 1

hour.

The input data for the program are not only the decomposition of the surface atmospher-
ic pressure up to 360 order, obtained taking into account of the inverse barometer effect. To
make corrections for the incompleteness of the decomposition, the initial pressure fields over
the entire globe at mesh points 0.25x0.25° are also required. In this regard, the delivery of the
program is possible only on external media with capacity of at least several terabytes. For re-
mote users, the ATMOSPERIC GRAVITY website (http://volgal9785.tmweb.ru) was created

with the option to receive the calculation results on our e-mail address.

## AURORA1.0_2019

 DISPLACEMENTS
- - )

STATION NAME = IBAKSAI:-

« DEFORMATIONS

-
LATITUDE — 43273 2
L
’A'- , - \ .
- DATA RANGE —
“ from... |01012012 to... . RUN

=

e
© Evgeny Spiridonoy, Olga Vi va —
s oo Vi (TS

. _I_“;l ng ‘fm . a

@ LEDOVO_ATMOSPERIC_GRAVITY_IB_2018_2019 — BaokHoT

®aiin Mpaska ®opmat Bua Cnpaska

AURORA1.0_2019 (IPE RAS) 24/07/2019 13:13

ATMOSPERIC GRAVITY EFFECT
(LOADING + ATTRACTION)

UNITS: mcGal

STATION:  LEDOVO DOLGOYE
LATITUDE: 55.8578 deg
LONGITUDE: 37.9758 deg
MEAN: -113.127 mcGal |

21/06/2018 .... 19/04/2019 60 min

20180621000000 ©.2824525
20180621010000 ©0.2261525
20180621020000 ©0.2825525
20180621030000 ©0.2713525

Fig. 4. Examples of the interface (above) and output protocol (below) of the AURORAL.0_2019 pro-

gram for calculating the atmospheric gravimetric effect

Conclusions
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The best results of calculating the atmospheric gravimetric effect that includes the at-
mospheric loading effect and the Newtonian direct attraction created by air masses, for six Eu-
ropean points of the GGP network were obtained for Vienna. This point is equipped with a
gravimeter that obtains the observations with the least instrumental trend, so that the pole tide
is successfully measured. This circumstance explains the fact that the main conclusions of the
work were formulated by the authors considering the data of Vienna point.

First of all, it should be noted that our results, obtained taking into account the effect of
the inverse barometer, are in good agreement with the series presented on the EOST website.
The RMSD of the difference series obtained by subtracting our results from the EOST results,
according to observations for 2006 at different points, do not exceed 0.01-0.02 pGal.

The obtained results of calculating the atmospheric gravimetric effect after removing
the low-frequency trend (periods exceeding 60 days) and high-frequency noises (periods up to
4 days) generally correspond better to the observational data than the series published on the
EOST website - the maximum possible gain from the application of our method of the atmos-
pheric effect calculation reaches 0.04 pGal.

Unremovable residuals in the range of periods from 4 to 60 days after subtracting the
atmospheric effect reach 0.2-0.3 pGal and can be a consequence of, for example, hydrologi-
cal or non-tidal oceanic effects. Reduction of these residuals is possible in the future through a
more accurate calculation of the atmospheric effect.

The conclusions and estimates presented in the work are preliminary and will be speci-
fied by the authors in the future on substantially longer series.

At the time of the publication of this work (September, 2020), the results of calculating
the atmospheric gravimetric effect (the sum of the atmospheric loading effect and the Newto-
nian direct attraction) for 2000-2019 are available on the Internet at our website Atmospheric
Gravity (http://volgal9785.tmweb.ru).
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