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Abstract In this paper we investigate in the range of differences of computed at-
mospheric gravity corrections using different computation schemes. In particular
we compare the discrepancy of the results when single admittance factor along
with point measured surface pressure is used with more sophisticated physical ap-
proach, where the surface pressure distribution is taken into account. It the latter
we are also studying the impact of common simplification in these computation,
neglecting the surface temperature variation and topography within the site vicin-
ity. The problem of the ocean and sea response on pressure changes is shortly
presented giving the differences of atmospheric gravity correction computed for
both contrary assumptions, i.e. inverted (IB) and non-inverted barometer (NIB).
This study concentrates on the area of Poland where the huge measurement cam-
paign using absolute gravimeters will start this year.

Keywords gravity correction · atmosphere · gravimetry · gravity networks

1 Introduction

Even in the era of space-borne gravimetry the uncontested role of the terrestrial
gravimetry in Earth sciences is still supported as a “ground truth” for satellite
missions [3] or where the local process are under investigation [14]. The terrestrial
gravimetry is still the only way for establish precise local, regional and continental
gravity networks. The advantages in absolute gravimeters (AG) and their oper-
ation mode forced us to redefine the meaning of modern gravity network where
connection between gravity points is not needed, indeed. Moreover, in order to
fully utilize the unprecedented precision of AG we have to deal with subtle en-
vironmental effects. Their impact is usually seen as the noise in gravity results.
The amplitude of gravity changes due to atmospheric mass flow can reach as much
as dozen or so of µGal (10−8ms−2). It is less than changes stemming from the
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Evaluation of significance
of the different atmospheric correction approach
in Polish national gravity network

In this work we present differences in atmospheric gravity correction using two different approaches. First one utilizes site specific pressure along with single admittance
factor (herein −3 nm s−2). The second take an advantage of availability of numerical weather models. The results of convolution of Atmospheric Gravity Green’s Function
(AGGF) with pressure field is presented. The impact of neglecting temperature distribution and topography is also investigated.

Introduction
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Figure. Atmospheric load gravity Green’s function

Green’s function used
We used the Atmosphere
Gravity Green Functions
given by Merriam (1992).
These comes from numeri-
cal integration of standard at-
mosphere. Elastic part comes
from Farrell (1972).
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Results
We present here the stacked
results from 2011 whole year
(every 6 hours) using NCEP
Reanalysis Pressure and
Temperature fields. We also
used ETOPO2 to compute to-
pography effects. Below we
show the example of site spe-
cific grid to compute atmo-
spheric gravity correction.

Figure. Grid for computation for one example point
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Figure. Time series of gravity correction and differences using different computation scheme for Lamkówko (North-east Poland)

Results (site example)
There is already a project to
establish new 0 order refer-
ence gravity points in Poland
(shown on maps above)
in the following years. We
present the example time
series for planned location
(Lamkówko).
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ABSTRACT  
In order to utilize the absolute gravity (AG) measurements in terms of tectonic study it is necessary to reduce all disturbing
environmental and instrumental effects. Many of those can be easily modelled and this step is done routinely during
measurements (i.e. tide, polar motion, ocean tidal loading). Other remains in data and there is a lack of conventional models 
for them. Significant gravity variation is associated with changes of soil water at global scale. We study this effect for the 
Lower Silesia (South-western Poland) territory. Computed gravity changes can reach up to 2 µgal peak-to-peak amplitude 
with seasonal time scale. This effect is beyond of accuracy of modern ballistic gravimeter. Using real data collected with FG5
gravimeter we show here that neglecting of this phenomenon can lead to serious misinterpretation in term of secular gravity 
changes. This is emphasized especially when only sparse data of a few year time span is at our disposal. No attempt of 
modelling of local hydrology impact on effect was made, while in this study we concentrate on large scale water storage 
influence on measured gravity. 
 
KEYWORDS: absolute gravity, FG5 instrument, hydrology loading, Lower Silesia 

dependent discrepancies stemmed from other, usually 
local hydrology effects. Some authors used the same 
WGHM hydrology model (Wziontek et al., 2009; 
Pálinkáš et al., 2010) and their results for amplitudes 
and phases for hydrology loading is consistent with 
these given here. 

The special attention in this paper was given to 
impact of neglecting this effect on estimated gravity 
rates from repeated gravity measurements. Not 
sufficiently long time span of measurements can lead 
to erroneous gravity rates estimates. Thus 
misinterpretation of results in terms of geophysics 
(mainly tectonic) studies can occur. A few examples 
were given on the basis of the selected AG 
measurement collected with FG5 no. 230 gravimeter 
from the considered area. 

 
2. GRAVITY MEASUREMENTS 

We show here the examples of AG
measurements taken at Lower Silesia, south west of 
Poland, area during the 2007-2009 period (Walo, 
2010). Figure 1 show the location of gravity sites. The 
measurements were taken with the FG5 no. 230 
absolute gravimeter in 24-hour observation sessions.
The details concerning site construction and 
surrounding area can be found in Walo (2010). 

The standard corrections for Earth tides (using 
tidal potential catalogue of Tamura, 1987 and model 
tidal parameters of Dehant et al., 1999), ocean tidal 

1. INTRODUCTION

Absolute gravimeters (AG) reached unprece-
dented precision. This feature makes AG the very 
important tool in geophysical and geodynamics 
studies. In order to fully utilize the power of AG one 
need to take into account an impact of environmental 
effects on gravity measurements. 

Standard AG data treatment usually takes into 
account such phenomena like earth tides, ocean tidal 
loading and polar motion. In addition the influence of 
atmospheric mass variation is usually modelled with 
single admittance factor approach (Warburton and 
Goodkind, 1997). 

Currently, there is no any recommended 
conventional model which can be used for correcting 
AG measurements for impact of variable continental 
water storage. We present here the calculation of this 
effect using the output of global hydrology model. We 
draw the characteristic of the so called hydrology 
loading for Lower Silesia area, Southern-west part of 
Poland.  

The importance of this phenomenon emerged in 
last decade and valuable papers related to this topic 
were already published. To name just a few we can 
refer to van Dam et al. (2001), Longuevergne et al. 
(2009), Van Camp (2010, 2011). An overall good 
agreement between modelled and observed gravity 
changes was found both in absolute and 
superconducting gravimeters measurement. The site 
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Figure. The simplified scheme of mechanism of atmospheric loading

Introduction

The recent precision of satellite geodesy techniques allows to
study subtle geodynamical phenomena. While the Earth crust can-
not be regarded as rigid body anymore one has to deal with atmo-
spheric loading (ATML) effects in GNSS results which can be as big
as few centimetres for height component. In this work we examine
the results of GNSS data collected within ASG-EUPOS system – Pol-
ish national GBAS. We computed height time series of nearly hun-
dred GNSS sites for almost one year time span. For this purpose
we used Bernese 5.0 processing package utilizing the most recent
models and IGS products. The coordinate variations were checked
against the modelled atmospheric loading. We used the freely
available data set provided by Leonid Petrov as well our own cal-
culation. Our values were computed on the base of crustal prop-
erties (in terms of Greens functions) convolved along with global
pressure field extracted from numerical weather models. We found
an overall good agreement for height component was found while
for the horizontal component comparison is ambiguous. The dis-
tinct diminish of height time series is clear for majority of selected
sites when ATML correction were applied. At some sites we do not
see significant reduction of variance which can be even more ro-
bust indicator of site specific noise level then before applying ATML
correction. This allows to easy pinpoint the problematic sites. We
also put a discussion of some problems of evaluating the global
geodynamic signals in regional network. Some discrepancies be-
tween modelled and observed ATML can be attributed to the short-
comings of processing network with limited spatial coverage. Nev-
ertheless this problem await for further investigations.

GNSS network
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Figure. GNSS network used in this study. More than
120 stations were processed.

GNSS Data Processing

Table. GNSS data processing

Feature Value
Software Bernese GPS Software ver.

5.0
Orbits and
ERPs

IGS

Elevation mask 5◦

Satellite sys-
tem

GPS

Ambiguity res-
olution

SIGMA L1&L2 (L ≤ 20 km)
SIGMA L5/L3 (20 < L ≤ 200
km)
QIF (L > 200 km)

Troposphere a
priori model

Saastamoinen + NMF, dry
part

Mapping func-
tion for correc-
tions

wet NMF

Interval for tro-
posphere pa-
rameters

1 hour

Tropo. horizon-
tal gradients

yes

Ionosphere
model

CODE global

Phase cen-
ter offsets and
variations

absolute (IGS05) + individual
EPN

Reference
frame

IGS05

Reference
frame realiza-
tion

NNT minimum constraints

General data information

Input data External ATML results

External GNSS results

WUT results

This study

NCEP
Reanalysis Data

Green functions

Raw GNSS data

IGS products

ATML
(every 6 h)
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Daily coordinates
(XYZ −→ neu)
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GNSS outliers rejection

Time series slightly
smoothed with running
avarage of 3 days width

comparison
statistics

correlationon
clusions

other

Atmospheric loading

Table. Atmospheric loading datasets

Data set Details
BOY
(Jean Paul Boy)

A new and improved loading service
for precise geodetic observations
http://loading.u-strasbg.fr/

PET
(Leonid Petrov)

Atmospheric pressure loading service
http://gemini.gsfc.nasa.gov/aplo/

WUT
(this study)

Surface pressure data from NCEP Re-
analysis,

ATML comparison
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Figure. Location of Józefosław Observatory

In this poster we will discuss the results of tidal measurements taken
with LaCoste&Romberg Earth Tide spring gravimeter. The measurements
were collected in Józefosław, suburb area of Warsaw. The long time series
(more than 3 years) allow to study subtle geodynamics and geophysical
effects. Firstly we give some the discussion concerning importance of
atmospheric effects in gravity which are, after tides, the main source of
disturbance. This effect can reach as much as ten µGals. We examine
here two approaches using single admittance factor and using regional
pressure field. Next we examine appropriateness of ocean tidal loading
corrections ( OTL). Despite the small values of a few nm s−2 we are able
to clearly observe the small OTL effects in gravity records. We present
also some results of observation of Earth free oscillation which are trig-
gered with great Earthquakes. Even the gravest fundamental modes are
fairly well resolvable and their frequencies are in good agreement with
theoretical ones. The tiny effect of Free Core Nutation ( FCN) was also
found in enhancements of tidal parameters in diurnal band. The results
for FCN period and quality factor are, despite high noise level in measure-
ments, with good agreement with previous determination. The presented
results shows that gravity measurement are the great source of informa-
tion in many areas of Earth sciences. Besides of shortcomings of spring
gravimeters we showed that they still can be useful in tidal and non-tidal
gravity studies.

Introduction

10−1 100 101 102 103 104 105 106 107 108 109

1 nGal

10 nGal

100 nGal

1 µGal

10 µGal

100 µGal

O
ce

an
no

is
e

E
ar

th
Fr

ee
O

sc
ill

at
io

n

S
ec

ul
ar

de
fo

rm
at

io
n

“S
ile

nt
”a

nd
“s

lo
w

”e
ar

th
qu

ak
es

C
or

e
m

od
es

ET

12
0

s

0.1 µGal

∼
20

d

+indirect effects

1 d1 h 1 m1 s 1 y

hydrosphere
atmosphere

Period [s]

A
m

pl
itu

de

Po
la

rm
ot

io
n

A
nn

ua
lt

id
es

S
em

i-a
nn

ua
lt

id
es

M
on

th
ly

tid
es

Fo
rt

ni
gh

tly
tid

es

W
ee

kl
y

tid
es

D
iu

rn
al

tid
es

S
em

i-d
iu

rn
al

tid
es

Te
r-

di
ur

na
lt

id
es

Q
ut

er
-d

iu
rn

al
tid

es

FC
N

FI
C

N

Figure. Gravity phenomena and LaCote&Romberg Earth Tide gravimeter no. 26 capability for capturing signals
(after Hinderer and Crossley, 2004)
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Figure. Time derivative of gravity residuals (tides, ocean loading and pressure effects removed)
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Free Core Nutation and Quality Factor

Table. Comparison of FCN period determination from different studies

Author Method
this study

420 440 460
days

gravity
Rosat et al. (2009) gravity
Ducarme et al. (2007) gravity
Sun et al. (2004) gravity
Sato et al. (2004) gravity
Mathews et al. (2002) VLBI
Dehant et al. - hydrostatic (1999) theory
Dehant et al. - nonhydrostatic inelastic (1999) theory
Neumeyer and Dittfeld (1997) gravity
Haas and Schuh (1996) VLBI
Jiang and Smylie (1995) VLBI
Defraigneet al. (1994) combined
Cummins and Wahr (1993) gravity
Herring et al. (1991) VLBI
Neuberg et al. (1990) gravity
Richter and Zurn (1988) gravity
Herring et al. (1986) VLBI
Wahr and Bergen (1986) theory
Wahr (1981) theory
Sasao et al. (1980) theory

FCN (result)

In the era of Superconducting gravimeters the spring type can also give valuable results.
This research is supported by polish National Science Centre (DEC-2011/01/N/ST10/07710)
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ABSTRACT  
In order to utilize the absolute gravity (AG) measurements in terms of tectonic study it is necessary to reduce all disturbing
environmental and instrumental effects. Many of those can be easily modelled and this step is done routinely during
measurements (i.e. tide, polar motion, ocean tidal loading). Other remains in data and there is a lack of conventional models 
for them. Significant gravity variation is associated with changes of soil water at global scale. We study this effect for the 
Lower Silesia (South-western Poland) territory. Computed gravity changes can reach up to 2 µgal peak-to-peak amplitude 
with seasonal time scale. This effect is beyond of accuracy of modern ballistic gravimeter. Using real data collected with FG5
gravimeter we show here that neglecting of this phenomenon can lead to serious misinterpretation in term of secular gravity 
changes. This is emphasized especially when only sparse data of a few year time span is at our disposal. No attempt of 
modelling of local hydrology impact on effect was made, while in this study we concentrate on large scale water storage 
influence on measured gravity. 
 
KEYWORDS: absolute gravity, FG5 instrument, hydrology loading, Lower Silesia 

dependent discrepancies stemmed from other, usually 
local hydrology effects. Some authors used the same 
WGHM hydrology model (Wziontek et al., 2009; 
Pálinkáš et al., 2010) and their results for amplitudes 
and phases for hydrology loading is consistent with 
these given here. 

The special attention in this paper was given to 
impact of neglecting this effect on estimated gravity 
rates from repeated gravity measurements. Not 
sufficiently long time span of measurements can lead 
to erroneous gravity rates estimates. Thus 
misinterpretation of results in terms of geophysics 
(mainly tectonic) studies can occur. A few examples 
were given on the basis of the selected AG 
measurement collected with FG5 no. 230 gravimeter 
from the considered area. 

 
2. GRAVITY MEASUREMENTS 

We show here the examples of AG
measurements taken at Lower Silesia, south west of 
Poland, area during the 2007-2009 period (Walo, 
2010). Figure 1 show the location of gravity sites. The 
measurements were taken with the FG5 no. 230 
absolute gravimeter in 24-hour observation sessions.
The details concerning site construction and 
surrounding area can be found in Walo (2010). 

The standard corrections for Earth tides (using 
tidal potential catalogue of Tamura, 1987 and model 
tidal parameters of Dehant et al., 1999), ocean tidal 

1. INTRODUCTION

Absolute gravimeters (AG) reached unprece-
dented precision. This feature makes AG the very 
important tool in geophysical and geodynamics 
studies. In order to fully utilize the power of AG one 
need to take into account an impact of environmental 
effects on gravity measurements. 

Standard AG data treatment usually takes into 
account such phenomena like earth tides, ocean tidal 
loading and polar motion. In addition the influence of 
atmospheric mass variation is usually modelled with 
single admittance factor approach (Warburton and 
Goodkind, 1997). 

Currently, there is no any recommended 
conventional model which can be used for correcting 
AG measurements for impact of variable continental 
water storage. We present here the calculation of this 
effect using the output of global hydrology model. We 
draw the characteristic of the so called hydrology 
loading for Lower Silesia area, Southern-west part of 
Poland.  

The importance of this phenomenon emerged in 
last decade and valuable papers related to this topic 
were already published. To name just a few we can 
refer to van Dam et al. (2001), Longuevergne et al. 
(2009), Van Camp (2010, 2011). An overall good 
agreement between modelled and observed gravity 
changes was found both in absolute and 
superconducting gravimeters measurement. The site 
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Introduction

The recent precision of satellite geodesy techniques allows to
study subtle geodynamical phenomena. While the Earth crust can-
not be regarded as rigid body anymore one has to deal with atmo-
spheric loading (ATML) effects in GNSS results which can be as big
as few centimetres for height component. In this work we examine
the results of GNSS data collected within ASG-EUPOS system – Pol-
ish national GBAS. We computed height time series of nearly hun-
dred GNSS sites for almost one year time span. For this purpose
we used Bernese 5.0 processing package utilizing the most recent
models and IGS products. The coordinate variations were checked
against the modelled atmospheric loading. We used the freely
available data set provided by Leonid Petrov as well our own cal-
culation. Our values were computed on the base of crustal prop-
erties (in terms of Greens functions) convolved along with global
pressure field extracted from numerical weather models. We found
an overall good agreement for height component was found while
for the horizontal component comparison is ambiguous. The dis-
tinct diminish of height time series is clear for majority of selected
sites when ATML correction were applied. At some sites we do not
see significant reduction of variance which can be even more ro-
bust indicator of site specific noise level then before applying ATML
correction. This allows to easy pinpoint the problematic sites. We
also put a discussion of some problems of evaluating the global
geodynamic signals in regional network. Some discrepancies be-
tween modelled and observed ATML can be attributed to the short-
comings of processing network with limited spatial coverage. Nev-
ertheless this problem await for further investigations.

GNSS network
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GOPE

METS

MRJM

ONSA

PENC

POLV

POTS

UZHL

VARN

WSRT

WTZR

ZIMM

Figure. GNSS network used in this study. More than
120 stations were processed.

GNSS Data Processing

Table. GNSS data processing

Feature Value
Software Bernese GPS Software ver.

5.0
Orbits and
ERPs

IGS

Elevation mask 5◦

Satellite sys-
tem

GPS

Ambiguity res-
olution

SIGMA L1&L2 (L ≤ 20 km)
SIGMA L5/L3 (20 < L ≤ 200
km)
QIF (L > 200 km)

Troposphere a
priori model

Saastamoinen + NMF, dry
part

Mapping func-
tion for correc-
tions

wet NMF

Interval for tro-
posphere pa-
rameters

1 hour

Tropo. horizon-
tal gradients

yes

Ionosphere
model

CODE global

Phase cen-
ter offsets and
variations

absolute (IGS05) + individual
EPN

Reference
frame

IGS05

Reference
frame realiza-
tion

NNT minimum constraints

General data information

Input data External ATML results

External GNSS results

WUT results

This study

NCEP
Reanalysis Data

Green functions

Raw GNSS data

IGS products

ATML
(every 6 h)

co
nv

ol
ut

io
n

Daily coordinates
(XYZ −→ neu)

po
st

pr
oc

es
si

ng

BOY PET

repro1

GNSS outliers rejection

Time series slightly
smoothed with running
avarage of 3 days width

comparison
statistics

correlationon
clusions

other

Atmospheric loading

Table. Atmospheric loading datasets

Data set Details
BOY
(Jean Paul Boy)

A new and improved loading service
for precise geodetic observations
http://loading.u-strasbg.fr/

PET
(Leonid Petrov)

Atmospheric pressure loading service
http://gemini.gsfc.nasa.gov/aplo/

WUT
(this study)

Surface pressure data from NCEP Re-
analysis,
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Figure. Location of Józefosław Observatory

In this poster we will discuss the results of tidal measurements taken
with LaCoste&Romberg Earth Tide spring gravimeter. The measurements
were collected in Józefosław, suburb area of Warsaw. The long time series
(more than 3 years) allow to study subtle geodynamics and geophysical
effects. Firstly we give some the discussion concerning importance of
atmospheric effects in gravity which are, after tides, the main source of
disturbance. This effect can reach as much as ten µGals. We examine
here two approaches using single admittance factor and using regional
pressure field. Next we examine appropriateness of ocean tidal loading
corrections ( OTL). Despite the small values of a few nm s−2 we are able
to clearly observe the small OTL effects in gravity records. We present
also some results of observation of Earth free oscillation which are trig-
gered with great Earthquakes. Even the gravest fundamental modes are
fairly well resolvable and their frequencies are in good agreement with
theoretical ones. The tiny effect of Free Core Nutation ( FCN) was also
found in enhancements of tidal parameters in diurnal band. The results
for FCN period and quality factor are, despite high noise level in measure-
ments, with good agreement with previous determination. The presented
results shows that gravity measurement are the great source of informa-
tion in many areas of Earth sciences. Besides of shortcomings of spring
gravimeters we showed that they still can be useful in tidal and non-tidal
gravity studies.
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Figure. Gravity phenomena and LaCote&Romberg Earth Tide gravimeter no. 26 capability for capturing signals
(after Hinderer and Crossley, 2004)
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Figure. Time derivative of gravity residuals (tides, ocean loading and pressure effects removed)
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of 48 length before earthquake (red-orange) are shown
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Figure. Fitted exponential regression function for two modes. The estimated Q value for 0S23 is 293 comparing to theoretical value of 259.

For 0S16 we found 284 when the expected from Earth model is 325 respectively
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Figure. Resonance curve fitted to gravimetric factors and quality factor determined with bayesian method

Free Core Nutation and Quality Factor

Table. Comparison of FCN period determination from different studies

Author Method
this study

420 440 460
days

gravity
Rosat et al. (2009) gravity
Ducarme et al. (2007) gravity
Sun et al. (2004) gravity
Sato et al. (2004) gravity
Mathews et al. (2002) VLBI
Dehant et al. - hydrostatic (1999) theory
Dehant et al. - nonhydrostatic inelastic (1999) theory
Neumeyer and Dittfeld (1997) gravity
Haas and Schuh (1996) VLBI
Jiang and Smylie (1995) VLBI
Defraigneet al. (1994) combined
Cummins and Wahr (1993) gravity
Herring et al. (1991) VLBI
Neuberg et al. (1990) gravity
Richter and Zurn (1988) gravity
Herring et al. (1986) VLBI
Wahr and Bergen (1986) theory
Wahr (1981) theory
Sasao et al. (1980) theory

FCN (result)

In the era of Superconducting gravimeters the spring type can also give valuable results.
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