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Draft of the presentation

"Eppur si muove..." - the lament of homo gravimetricus
Non-gravitational effects in g observations
Comparison of gravity tide and microseismic noise

Level of the gravity noise observed in Sopronbanfalva Observatory
(West Hungary) between 08.06.2010 és 04.01.2011

Estimation of the sensitivity of gravimetric observations based on
spectral analysis of co-located seismological records

Identification of the sources of microseisms

Spectral analysis of 1 Hz records (preliminary results)
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Eppur si muove

The lament of homo gravimetricus,
l.e.

Why does his instrument tremble when no earthquake can be felt?
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answers:

A) There are earthquakes all the time

B) If —A then there is microseismic activity
C) If =(AAB) then there are road construction
works close to the observatory
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Eppur si muove

The lament of homo gravimetricus,

I.e.

Why does his instrument tremble when no earthquake can be felt?

7

answers:

A) There are earthquakes all the time
B) If —A then there is microseismic activity

C) If =(AAB) the _ _ _ on
works close to t What is microseism?
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Eppur si muove

The lament of homo gravimetricus,

I.e.

Why does his instrument tremble when no earthquake can be felt?

atmosphere

I — circular motions -3
of water masses

hydrosphere

progressive and B§

coastal and
standing
waves
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Eppur si muove

The lament of homo gravimetricus,
l.e.

Why does his instrument tremble when no earthquake can be felt?

atmosphere . .
progressive and @y coastal and elastic waves

I - circular motions <@ standing = propagating in
of water masses g8 waves the crust

hydrosphere
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Eppur si muove

The lament of homo gravimetricus,
l.e.

Why does his instrument tremble when no earthquake can be felt?

Can microseism really
influence gravity
measurements in the
middle of a continent
(e.g. in Hungary)?
Longuet-Higgins, 1950

atmosphere

progressive and 8§ coastal and elastic waves
I = circular motions 4@ standing == propagating in
of water masses g8 waves the crust

hydrosphere
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The lament of homo gravimetricus,
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Non-gravitational effects im g observations

The sum of time dependent
effects (I) due to the change in
motion of the observation
point/instrument
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The sum of time dependent
effects (I) due to the change in
motion of the observation
point/instrument

g=gradW=g.(P)+g-(P,)
g=19|
9-(P,t)=9g,(P,t)+g.(P.t)
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Non-gravitational effects im g observations

anthropogenic - technogenic effects

geodynamics (e.g. seismicity)

The sum of time dependent
effects (I) due to the change in
motion of the observation
point/instrument

g=gradW=g.(P)+g-(P,)
g=19|
gT(P,t)=g.(P,t)+gA(§t)

A
/

disturbing effects interplanetary
(noise) Newtonian

attractions
(direct + indirect)
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Non-gravitational effects im g observations
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Non-gravitational effects im g observations

geodynamics (e.g.
earthquakes (e.g. 2012.10.28)

microseisms (e.g. 2012.10.01-02.)
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Non-gravitational effects im g observations

geodynamics (e.g.
earthquakes (e.g. 2012.10.28)

microseisms (e.g. 2012.10.01-02.)
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Comparnison of gravity tide to microseismic noise

Spectral decomposition of gravity tide

The most dominant components of gravity tide at ®=47.6°
(Baker, 1984)

component description T, cycle time  a; amplitude
[h/day] [uGal]

semidiurnal lunar 12.42 34.1
semidiurnal solar 12.00 15.8
lunar elliptic 12.66 6.5
lunisolar decl. 11.97 4.3

diurnal lunar 25.82 30.9
lunisolar decl. 23.93 43.5
diurnal solar 24.07 14.4

lunar forthnightly 13.66 day 4.1
lunar monthly 27.55 day 2.1
solar half yearly 182.62 day 1.9




ET2013 Hannover
MTA
QC.SFK GG

Comparnison of gravity tide to microseismic noise

Spectral decomposition of gravity tide

The most dominant components of gravity tide at ®=47.6°
(Baker, 1984)

component description T, cycle time  a; amplitude
[h/day] [uGal]

semidiurnal lunar 12.42 34.1
semidiurnal solar 12.00 15.8
lunar elliptic 12.66 6.5
lunisolar decl. 11.97 4.3

diurnal lunar 25.82 30.9
lunisolar decl. 23.93 43.5
diurnal solar 24.07 14.4

lunar forthnightly 13.66 day 4.1
lunar monthly 27.55 day 2.1
solar half yearly 182.62 day 1.9




ET2013 Hannover
MTA
QC.SFK GG

Comparnison of gravity tide to microseismic noise

Spectral decomposition of gravity tide

Inertial acceleration due to tidal deformation
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Spectral decomposition of gravity tide

Inertial acceleration due to tidal deformation

elementary harmonic deformation model:

H(t)=H,+Asin(2xt/T)
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Comparnison of gravity tide to microseismic noise

Spectral decomposition of gravity tide

Inertial acceleration due to tidal deformation

elementary harmonic deformation model:
H(t)=H,+Asin(2rt/T)

vertical
displacement
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Comparnison of gravity tide to microseismic noise

Spectral decomposition of gravity tide

Inertial acceleration due to tidal deformation

elementary harmonic deformation model:
H(t)=H,+Asin(2rt/T)

vertical

displacement Ho=H(t=t,)

reference
height
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Comparnison of gravity tide to microseismic noise

Spectral decomposition of gravity tide

Inertial acceleration due to tidal deformation

elementary harmonic deformation model:

H(t)=H,+Asin(2xt/T)

H,=H(t
referen amplitude of
height the displacement

vertical
displacement
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Comparnison of gravity tide to microseismic noise

Spectral decomposition of gravity tide

Inertial acceleration due to tidal deformation

elementary harmonic deformation model:

H(t)=H,+Asin(2nt/T)

. H N
vertical

displacement Ho=H(t _cycle time of
referen: @amplituc ¢he gisplacement
height the disg
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Comparisom of gravity tide to microseismic noise

Spectral decomposition of gravity tide

Inertial acceleration due to tidal deformation

elementary harmonic deformation model:
H(t)=H,+Asin(2nt/T)
elementary harmonic acceleration model:

a(A,T,t)=d’H/dE=-A(4r2/T?)sin(2xt/T)
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Comparisom of gravity tide to microseismic noise

Spectral decomposition of gravity tide

Inertial acceleration due to tidal deformation

elementary harmonic deformation model:
H(t)=H,+Asin(2nt/T)
elementary harmonic acceleration model:

a(:@o'Em):dzH/dt2:-A(47t2/T2)sin(27tt/T)
T=86400 sec



papp
A=30 cm
T=86400 sec (1 day)
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Comparnison of gravity tide to microseismic noise

Spectral decomposition of gravity tide

Inertial acceleration due to tidal deformation
elementary harmonic deformation model:

H(t)=H,+Asin(2xt/T)

elementary harmonic acceleration model:
108

102
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100 B

1014

acceleration [uGal]
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10
10° 10 10

seismic frequency range



papp
A=1 nm

papp
seismic frequency range tartomány
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Level of gravity noise im Sopron, Hungany

observation period: June 08. 2010 - January 04. 2011
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LLevel of gravity noise im Sopron, Hungany

observation period: June 08. 2010 - January 04. 2011

instrum__ent: LCR G949 + CCD ocular

i\ ‘___‘!
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observation period: June 08. 2010 - January 04. 2011
instrument: LCR G949 + CCD ocular

sampling rate: 2 min (
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Level of gravity noise im Sopron, Hungany

observation period: June 08. 2010 - January 04. 2011
instrument: LCR G949 + CCD ocular
sampling rate: 2 min ( )

the change of hourly noise level during observations

Vak1=(9aki-Tak) - md(Fd,k,I'l:d,k)
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LLevel of gravity noise im Sopron, Hungany

observation period: June 08. 2010 - January 04. 2011
instrument: LCR G949 + CCD ocular
sampling rate: 2 min ( )

the change of hourly noise level during observations

Vak1=(9aki-Tax) - md(Fd,k,I'l:d,k)

observed tid hourly mean
acceleration value of tidal
acceleration
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LLevel of gravity noise im Sopron, Hungany

observation period: June 08. 2010 - January 04. 2011
instrument: LCR G949 + CCD ocular
sampling rate: 2 min ( )

the change of hourly noise level during observations

Vak1=(9aki-Tax) - md(Fd,k,I'l:d,k)

observed tid hourly mear synthetical
acceleration value of tide tidal effect

acceleratior (ETERNA3.4)
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LLevel of gravity noise im Sopron, Hungany

observation period: June 08. 2010 - January 04. 2011
instrument: LCR G949 + CCD ocular
sampling rate: 2 min ( )

the change of hourly noise level during observations

Vak1=(9aki-Tax) - md(Fd,k,I'l:d,k)

observed tid hourly mear synthe
acceleration value of tide

acceleratior (eTEF effoct

: hourly mean value
tidal € of synthetical tidal
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LLevel of gravity noise im Sopron, Hungany

observation period: June 08. 2010 - January 04. 2011
instrument: LCR G949 + CCD ocular
sampling rate: 2 min ( )

the change of hourly noise level during observations

Va1 =(9 d,k,l'gkd,k) - md(Fe,k,l'l:d,k)

AN

observed tid I daily scale factor
acceleration

accelerator (ETEF

ourly mean value
Of synthetical tidal
effect
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observation period: June 08. 2010
instrument: LCR G949 + CCD ocular
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the change of hourly noise level during observations
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Level of gravity noise im Sopron, Hungany

observation period: June 08. 2010 - January 04. 2011
instrument: LCR G949 + CCD ocular
sampling rate: 2 min ( )

the change of hourly noise level during observations

Vak1=(9aki-Tak) - md(Fd,k,I'l:d,k)

d:1 : 2’ o 214 observation noise [nGal]
k:1,2,...,24 dates

1=1,2,...,30 2010.06.08 —2010.10.05 — 2010.11.02

12
GMT [h]
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Sensitivity estimation of g observations

Co-located measurements with SOP station of the Hungarian
National Seismological Network
(Streckeisen STS-2 broadband 3D instrument)
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Co-located measurements with SOP station of the Hungarian
National Seismological Network
(Streckeisen STS-2 broadband 3D instrument)

ground velocity time series:

Vx(ti)’ Vy(ti)’vz(ti) (|=1”N)
At=t,,,-t=0.05 s (20 Hz)
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Sensitivity estimation of g observations

Co-located measurements with SOP station of the Hungarian
National Seismological Network
(Streckeisen STS-2 broadband 3D instrument)

ground velocity time series:

Vx(ti)’ Vy(ti)1vz(ti) (|=1”N)
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vertical displacement time series:

2(t)=2v,()At
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Sensitivity estimation of g observations

Co-located measurements with SOP station of the Hungarian
National Seismological Network
(Streckeisen STS-2 broadband 3D instrument)

ground velocity time series:

Vx(ti)’ Vy(ti)1vz(ti) (|=1”N)
At=t,,,-t=0.05 s (20 Hz)

vertical displacement time series:

2(t)=2v,()At

2(t) = A(H)=A(L/T)

amplitude Fourier
spectrum
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Sensitivity estimation of g observations

Co-located measurements with SOP station of the Hungarian
National Seismological Network
(Streckeisen STS-2 broadband 3D instrument)

Relation between the elementary acceleration model and the
amplitude Fourier spectrum of ground displacement

2(t) = A(H)=A(L/T)

amplitude Fourier
spectrum
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Sensitivity estimation of g obsenvations

Co-located measurements with SOP station of the Hungarian
National Seismological Network
(Streckeisen STS-2 broadband 3D instrument)

Relation between the elementary acceleration model and the
amplitude Fourier spectrum of ground displacement

elementary acceleration model.

a(A,T,0)=-A(4n2/Td)sin(2rt/T)=a(A(T ),t)

2(t) = A(H)=A(L/T)

amplitude Fourier
spectrum
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Sensitivity estimation of g obsenvations

Co-located measurements with SOP station of the Hungarian
National Seismological Network
(Streckeisen STS-2 broadband 3D instrument)

Relation between the elementary acceleration model and the
amplitude Fourier spectrum of ground displacement

elementary acceleration model.

a(A, T.)=-A(4n/T)sin(2nt/T)=a(4P .1

amplitude Fourier
spectrum
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Sensitivity estimation of g observations

Co-located measurements with SOP station of the Hungarian
National Seismological Network
(Streckeisen STS-2 broadband 3D instrument)

Relation between the elementary acceleration model and the
amplitude Fourier spectrum of ground displacement

maximum inertial acceleration

a_. (A, T)=abs(-4An2/T?)

amplitude Fourier
spectrum
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Sensitivity estimation of g observations

Co-located measurements with SOP station of the Hungarian
National Seismological Network
(Streckeisen STS-2 broadband 3D instrument)

Relation between the elementary acceleration model and the
amplitude Fourier spectrum of ground displacement

Determination of

T cycle time [s
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Sensitivity estimation of g observations

Co-located measurements with SOP station of the Hungarian
National Seismological Network
(Streckeisen STS-2 broadband 3D instrument)

Relation between the elementary acceleration model and the
amplitude Fourier spectrum of ground displacement

Determination @
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Sensitivity estimation of g observations

Co-located measurements with SOP station of the Hungarian
National Seismological Network
(Streckeisen STS-2 broadband 3D instrument)

Relation between the elementary acceleration model and the
amplitude Fourier spectrum of ground displacement

Determination of
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|dentification of the sources of microseisms

The origin of microseismic "noise" (Longuet-Higgins, 1950)

1) coastal waves 2) standing waves
(primary source) (secondary source)
10s<T<16s 4s<T<8s




ET2013 Hannover
MTA
QC.SFK GG

ldentification of the sources of microseisms

The origin of microseismic "noise" (Longuet-Higgins, 1950)

Monitoring of ocean weather (e.g. Oceanweather Inc. USA)
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ldentification of the sources of microseisms

The origin of microseismic "noise" (Longuet-Higgins, 1950)
Monitoring of ocean weather (e.g. Oceanweather Inc. USA)

weather maps (4 maps/day)
- H,,, - significant wave height
- wave direction
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ldentification of the sources of microseisms

The Orig significant W [ ith W liraction
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ldentification of the sources of microseisms

The origin of microseismic "noise" (Longuet-Higgins, 1950)
Monitoring of ocean weather (e.g. Oceanweather Inc. USA)

Parameterization of triggering events (storm zones)

- distance (C(op,A)) : S

- azimuth il e W

2 481720 34.6W 53.3N 3590 299.6 b

- S area of - R
storm zone

(Hy, > 6.5 m)
- significant

wave volume:

01-Nov-2010

latitude

M
VSWZZSi(HSW)i

i=1

60W  50W 30w 20w
longitude
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ldentification of the sources of microseisms

Relations between the parameters of triggering events and the
observed noise level

distance + Vg, VS. noise level
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1000 2000 3000 4000 5000 6000 7000
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ldentification of the sources of microseisms

Relations between the parameters of triggering events and the
observed noise level

C(p,A) + Vg VS. noise level

Vv = 10000 km*

latitude
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ldentification of the sources of microseisms

Relations between the parameters of triggering events and the
observed noise level

C(p,A) + Vg VS. noise level

, V= 10000 km®
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Spectral analysis of 1 Hz records

Co-located observations with spring and superconducting gravity
meters in the Conrad Observatory (ZAMG), Austria
Time period: January 12. 2012 - May 2. 2013
Instruments: GWR SG025 (ZAMG)
Scintrex CG (Univ. Vienna)
LCR G220 (ELGI)
LCR G949 (MTA CSFK GGI)
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Spectral analysis of 1 Hz records

Direct comparison of spectra of recorded time series

Dynamic spectra from 1 h long record segments

LCR G949 GWR SG025
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Spectral analysis of 1 Hz records

Direct comparison of spectra of recorded time series

Dynamic spectra from 1 h long record segments

LCR G949 GWR SG025
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Spectral analysis of 1 Hz records

Direct comparison of spectra of recorded time series
Spectra for the period 24.02.2013 - 26.02.2013 Conrad Observatory (Austria)

LCR G949 SG 025
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Spectra for the period 24.02.2013 - 26.02.2013 Conrad Observatory (Austria)

pgabor
LCR G949

pgabor
SG 025


ET2013 Hannover
MTA
QC.SFK GG

Acknowledgements

Many thanks to our colleagues at ZAMG, Austria (esp. Dr. Roman
Leonhard), University of Vienna (Dr. Bruno Meurers) and E&6tvos
Lorand Geophysical Institute, Hungary (Dr. Marta Kis, Dr. Andras
Koppan) for the excellent observational facilities, data sharing and
collaboration

Many thanks for the travel support of the LOC (esp. Dr. Harald Luck)

Many thanks for your kind and patient attention





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>






    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /ENU <>
    /HUN <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




