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General research aims:
Monitoring of surface deformation for

1) the investigation of local tectonic processes,
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General research aims:
Monitoring of surface deformation for

1) the investigation of local tectonic processes,

resulting

* pre- (?) and post-seismic deformations
* orogenic deformations

* sediment compaction

* basin sinking

. etc...
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General research aims:
Monitoring of surface deformation for

1) the investigation of local tectonic processes,

Earthquakes in the ALCAPA region (A.D
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General research aims:

Monitoring of surface deformation for

2) the investigation of global phenomena related to the time variations
of the Earth’s gravity field.
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General research aims:

Monitoring of surface deformation for

2) the investigation of global phenomena related to the time variations
of the Earth’s gravity { jncluding

* solid earth (body) tides
* ocean loading effects

* mass redistribution
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Infrastructure:

Conrad Observatory (Austria):
- a superconducting gravity meter (GWR SG025, since 2007),

- tilt sensors (since 2016)
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Infrastructure:
Conrad Observatory (Austria):

- a superconducting gravity meter (GWR SG025, since 2007),

- tilt sensors (since 2016) including
* solid earth (body) tides

* ocean loading effects
* mass redistribution
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Infrastructure:

The Peters Seismological Observatory (Australia)

- tilt sensors (since???)
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Infrastructure:
Conrad Observatory (Austria):
- a superconducting gravity meter (GWR SG025, since 1995),
- tilt sensors (since 2016)
The Peters Seismological Observatory (Australia)
- tilt sensors (since ??7?)
All instruments have nano-range or better resolution (nm/s?, nm,nrad).
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Infrastructure:
Conrad Observatory (Austria):

- a superconducting gravity meter (GWR SG025),
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Lippmianh-type biaxial
pendulum

Infrastructure:
Conrad Observatory (Austria):
- tilt sensors (iWT, LTS)
The Peters Seismological Observatory (Australia)
- tilt sensors (LTS, VolksMeter)
All instruments have nano-range or better resolution (nm/s?, nm,nrad).
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Infrastructure:
Conrad Observatory (Austria):
- tilt sensors (iWT, LTS)
The Peters Seismological Observat
- tilt sensors (LTS, VolksMeter)

All instruments have nano-range or better resolution (nm/s?, nm,nrad).
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Observation of tidal effects at COBS: gravity and deformation
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Observation of tidal effects at COBS: gravity and deformation
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Observation of tidal effects at COBS: gravity and deformation

Tilts related to Earth tides and many other phenomena: nonlinear components (n>2)
29-04-2016 — 13-05.2018
ER=13
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Observation of tidal effects at COBS: gravity and deformation

Tilts related to Earth tides and many other phenomena: nonlinear components (n>2)
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Observation of tidal effects at COBS: gravity and deformation

Tilts related to Earth tides and many other phenomena: nonlinear components (n>2)
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Harmonic analysis of tilt time series recorded at COBS: standard
procedure using ETERNA package
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Harmonic analysis of tilt time series recorded at COBS: standard
procedure using ETERNA package

by, =20 _ 14k, —h, “
I_ LTS-X | iwex

) Y ) LTS/iwt

(WD) o(v) 6(¢) c(v) o(0) oly) o] (1)

2.9289 -17.218 0.6976 1.776 0.6937 -13.136

06940 01235 15550 12022 9927 (.0490 4.042 0.0851 o
1.2940  12.022 0.7105  -7.020 0.6783 -12.356

or 06344 = 0.6443 ) jez3 9648 8347 40104 0.838 0.0170 1434 L0475
1.2184  10.551 0.7808  -8.045 0.7346 -11.556

K1 Sestes | G o G 7200 ©7°%° 0.0073 0.462 0.0108 0.839 106%°
0.6744  -4.524 0.7516  -2.863 0.7200  -4.697

N2 06911 15053 4 5306 2500 29279 (0889 0.676 0.0115 0.918 0439
0.6574  -2.313 0.7404  -3.853 0.6827  -5.559

A2 06911  7.8622 556 0.522 102916 54919 0.147 0.0023 0.192 10845
0.6599  -1.436 0.6865  -1.609 0.6306  -5.493

= 06911 38579 49128 1128 42?78 00044 0.363 0.0519 0.460 0886
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Harmonic analysis of tilt time series recorded at COBS: standard

mm
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procedure using ETERNA package
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¢

() o(y) c(4)

1.776
4.042
-7.020
0.838
-8.045
0.462
-2.863
0.676
-3.853
0.147
-1.609
0.363

0.6937
0.0851
0.6783
0.0170
0.7346
0.0108
0.7200
0.0115
0.6827
0.0023
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0.0519

-13.136
7.011
-12.356
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-11.556
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LTS/iwt

¢ Y

1.0056

1.0475
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1.0439
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Harmonic analysis of tilt time series recorded at COBS: standard
procedure using ETERNA package
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Harmonic analysis of tilt time series recorded at COBS: standard
procedure using ETERNA package

) Y ) LTS/iwt
(WD) o(v) G(¢) c(v) (o) o(y) c(4)

2.9289 -17.218 0.6976 1.776 0.6937 -13.136
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£s Comparison of gravity and tilt residuals: investigation of local effects at COBS
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Comparison of gravity and tilt residuals: investigation of local effects at COBS
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The effect of precipitation on the residual gravity and tilt data (A)
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82 Comparison of gravity and tilt residuals: investigation of local effects at COBS
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Modeling of ,,shark tooth” tilt anomalies
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Modeling of ,,shark tooth” tilt anomalies

Can it be caused by the gravitation of rainwater masses?
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Can it be caused by the gravitation of rainwater masses?
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Modeling of ,,shark tooth” tilt anomalies

Can it be caused by the gravitation of rainwater masses?
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Grav. effect of 100 mm rain water distributed by a run-off and permeation model [ugal]
DTM of the ar e \/ _— \ —
Zone 1. .
o 0 .
5mx5m f// ||| VI i
,‘;l. 5.31007€+06 | [( a
o] & ‘* o E A
] L] '.»‘,' » L."" r‘ 1 >
ke
B
8
5.31006e+06 ] /\ -
entrance J ! : , : : : : : : :
-35320 -35300 -35280 -35260 -35240 -35220 -35200 -35180
X [m]

1EO1VOS

www.eotvos100.hu



NLS i m W Seismological Association
FINNISH GEOSPATIAL g WWMWW re——
’ GGI ECE_.’ISEARCH INSTITUTE Institut fiir Meteorologie ﬁ/“@ z A M G

CSFK und Geophysik

Modeling of ,,shark tooth” tilt anomalies

Can it be caused by the gravitation of rainwater masses? e 2
7 one Z:

DTM of the area nearby COBS

www.eotvos100.hu



Seismological Association

|~ i
Gh 66 I @ ”qklg GEOSPATIAL I m gw ' I uwm%‘w “Jq"LtM“W of Australia Inc.
’ RESEARCH INSTITUTE Institut fir Meteorologie /A z A M G

CSFK FGI und Geophysik

Modeling of ,,shark tooth” tilt anomalies

Can it be caused by the gravitation of rainwater masses?
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Modeling of ,,shark tooth” tilt anomalies

Can it be caused by the gravitation of rainwater masses?
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topography [m] water volume for 0.001" tilt [m?] 50m x 50 m

DTM Of the 1,500 1.000E+07

1,400~ “*"16p6 RElght [« seee 2 asifn 5 ane & S & da # 5 2 5 ad > eaE

-------- e ... 11,000,000

> volume

— 100,000

~34

L1000 (21.5%21.5%21.5 m3)

~1,000  (10x10x10 m

X K my 35

LI I . O VR S LA AL LR L LI LR SR
02 04 06 08 1 12 14 16 18 2
source distance [km]

1EO1VOS

www.eotvos100.hu



Seismological Association

S I I m gw I l \wiﬂ % L'( Mo of Australia Inc.
( ,"\ Ti Institut fiir Meteorologie C Z A M G

und Geophysik

Modeling of ,,shark tooth” tilt anomalies

Can it be caused by the gravitation of rainwater masses?
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Tilt time series recorded at TPSO, Victor Harbor, Australia
04-09-2018 — 19-02-2019
Investigation of ocean loading effects = validation of models (TOPEX, FES2014,...)
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Comparison of FFT spectra of tilt time series recorded at COBS and TPSO
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Comparison of FFT spectra of tilt time series recorded at COBS and TPSO
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Harmonic analysis of tilt time series recorded at TPSO: standard
procedure using ETERNA package (preliminary results)

LTS-X (N-S) Q1 = M3
m,= 1.47 mas
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Harmonic analysis of tilt time series recorded at TPSO: standard

procedure using ETERNA package (preliminary results)

LTS-X (N-S) Q1 = M3
m,= 1.47 mas

LTS-X (N-S) Q1 = M4
m,= 1.28 mas
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Harmonic analysis of tilt time series recorded at TPSO: standard

procedure using ETERNA package (preliminary results)

LTS-X (N-S) Q1 = M3
m,= 1.47 mas

LTS-X (N-S) Q1 = M4
m,= 1.28 mas
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i,rWWMWW of Australia Inc.

LTS-X (N-S) Q1 = M3 (& NL)
m, = 1.15 mas
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Harmonic analysis of tilt time series recorded at TPSO: standard
procedure using ETERNA package (preliminary results)

The effect of OTL corrections on the amplitude factors M3 (& NL)
of tidal constituents mas

¢

6.160
6.923
-4.270
1.565
-23.660
1.145
-154.439
3.562
44.585
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y factors

Bl No OTL " FES2004 M FES2014B
"""""" " Schwiderski ™ TPX09
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M3
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Tidal constituents (Darwin symbol)
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Harmonic analysis of tilt time series recorded at TPSO: standard
procedure using ETERNA package (preliminary results)

Schwiderski model OTL corrections for Lippmann tiltmeter
Diurnal NS tidal data at TPSO, Victor Harbor, South Australia

0.5

O1
Lippmann_NS tidal tilt obs

E---. tide mocdel t
L L L=

SchW|dersk| lZZ)TI_ model tilt

15 }
2}

K1

25 ' ' ' : :
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A cos(alpha) (mas) alpha = phase
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Harmonic analysis of tilt time series recorded at TPSO: standard
procedure using ETERNA package (preliminary results)

FES2004 model OTL corrections for Lippmann tiltmeter
Diurnal NS tidal data at TPSO, Victor Harbor, South Australia

Lippmann NS tidal tilt obs
Earth tide model tilt

FES2004 OTL model tilt

-3 -2 -1 0 1 2 3 4 5
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Harmonic analysis of tilt time series recorded at TPSO: standard
procedure using ETERNA package (preliminary results)

Schwiderski model OTL corrections for Lippmann tiltmeter
Semidiurnal NS tidal data at TPSO, Victor Harbor, South Australia

Lippmann_ NS tidal tilt-obs

Earth tidé model t
t odel t

Schwiderski OTL model tilt
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A cos(alpha) (mas) alpha = phase
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Harmonic analysis of tilt time series recorded at TPSO: standard
procedure using ETERNA package (preliminary results)

FES2004 model OTL corrections for Lippmann tilimeter
Semidiurnal NS tidal data at TPSO, Victor Harbor, South Australia

Lippmann_NS tidal tilt-obs

3 F arth-tide-model 4kt

FES2004 OTL modeliilt
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Harmonic analysis of tilt time series recorded at TPSO: standard
procedure using ETERNA package (preliminary results)
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Future perspectives of deformation measurements

» Seismological applications?

m TSoft
File Edit Shows Calculate Filters Correctors Sismology Tides Script . Help

Start: 05-05-2019 00hOOMO0=
Incr: 1.000s x S6400 pts
Duration: 1. 00000 days

000000 arcsec

T COBS: LTS (E-W) M7.1 Easter New Guinea

COBS_LTS-SOP2_sensor =3

<o 2019-05-06 21:19:37
1 [arcsac 1 . 0

it

termp
3 [Hea_ <]

Foansmciity
4 percent]

2ir_pressore
= [rmibar]

COBS: LTS (N-S

Zo0is & & EEE =
zo1z 5 & 2z za4 o
zo1z 5 & 4z o
zo1z 5 & 1z o
zo1z 5 & 2z 2ze o
Finished reading! Css400
~
~
< >

CH foldm_vm_me. .. - Zimbra: Inbo, .. - HE Tides - a shor... [

1TEO1VOS




| | imgw [ s Narps.of Arata .
(‘ CICII )EC : Institut fur Meteorologie Z A M G

CSFK und Geophysik

Future perspectives of deformation measurements

* Seismological applications?
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Future perspectives of deformation measurements

* Seismological applications?
* Monitoring of the change of the shape of the Earth?

The happy Earth
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Future perspectives of deformation measurements

* Seismological applications?
* Monitoring of the change of the shape of the Earth?
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Future perspectives of deformation measurements

* Seismological applications?
* Monitoring of the change of the shape of the Earth?
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Future perspectives of deformation measurements

* Seismological applications?
* Monitoring of the change of the shape of the Earth?
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