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Introduction

* Dynamic processes of the earth
(e.g. earthquakes and long-
term plate tectonic motions)
are able to displace reference
station coordinates.

* Forinstance, the 2004 Aceh
megathrust earthquake
significantly affects land
displacements up to 10 cm in
magnitude at a radius of 400
km away from the earthquake’s

_ . | plate
epicentre (Vigny et al., 2005).

*lGSs:amns
* Thus, it will considerably affect . [Cuien
the reliability of a geocentric e
oTha:sum:msRng
datum. o
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Tectonic Signature in ITRF Coordinate Time Series
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—  Non-Tectonic Signhature

Noise due to
errors in
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Rigid plate motion
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Periodic deformation due

to earth tides
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Post glacial rebound
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Co-seismic deformation
from second to
minute

Post-seismic deformation

from hour to decades)

Localized deformation
(land subsidence)
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Tectonic Signature in ITRF Coordinate Time Series

e Dynamic processes of the

}fCo-seismic earth (e.g. rigid place motion,

co-seismic & post-seismic ) are
able to displace reference
station coordinates. It will

datum.

_1 I
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Tectonic Motion Analysis:

Peninsular Malaysia
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The Co-seismic
displacement in Malaysia

Average Co-seismic Displacement of Peninsular Malaysia (cm)
Earthquake East Malaysia were < 10mm
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The Post-seismic displacement
in Peninsular Malaysia
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Figure 3.22: Prediction of afterslip post-seismic vector (2006-2020) in Peninsular Malaysia.
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The Post-seismic displacement
in Peninsular Malaysia

Post-seismic Velocity Change in Peninsular Malaysia
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7~  Status of GDM2000@2006

GDM2000@2000 established originally in 2000, then GDM2000@2006 was
revised in 2006. The Revision approximately carried out more than 10 years
ago has become non-geocentric due to the Peninsular Malaysia has further
experienced secular & non-secular tectonic deformation effects within the
period as follows;

(1) Continuous rotation of Sunda plate moves almost all MyRTKnet sites and
passive network at 2-3cm/yr .This is caused by the pushing of the Indian
and Australian plates towards Sunda plate at rates 45mm/yr and 59mm/yr,
respectively.

(2) Significant transient slip due to 2004 Sumatra Andaman as well as
subsequent (>Mw 8) earthquakes have caused centimeter level to
submeter level co-seismic displacement for almost all MyRTKnet sites and
passive network (CCl points).

(3) Long-term and complex post-seismic relaxation as experienced by the
region causing non-linear of coordinate change at 1-1.5meter (logarithmic
trend) over the time.

www.utm.my
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7~  Status of GDM2000@2006

* Therefore,
— What are the implications of non-geocentric datum?

— What is the extent of deformation on the GDM2000
coordinates?

— Should GDM2000 be revised?

— What is the best approach for revision w.r.t. the current
local plate tectonics?
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''''''''''''''''''''''''' Implications of a
Non-Geocentric Datum

 The immediate implication: a non-geocentric datum does not
represent the ‘true’ position of points.

* Consequently, this will introduce:

— A coordinate bias, as the coordinates referenced to the
national geocentric datum will be inconsistent with the GNSS
orbit-referenced coordinates.

— Thus, this would cause issues with absolute positioning using
GNSS techniques, such as Precise Point Positioning (PPP),
which is dependent on precise orbits.
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''''''''''''''''''''''''' Implications of a
Non-Geocentric Datum

— A map conflict: absolute/differential positioning mismatch
with base maps, e.g., affects navigation, oil and mineral
exploration, agriculture, etc.

— Decreased accuracy of reference stations coordinates:

transition problems in boundary zones of countries (Pinto,
2009).

— Moreover, limit scientific research and applications at the
national-level that normally requires a reliable coordinates at
the reference stations.
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Resolving Geocentric Reference
Frame in Malaysia
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Resolving Geocentric Reference
Frame in Malaysia

ITRF2014
(@2014.0)

GDM?2000
(@2006.0)

3D [X,Y,Z]

3D [X,Y,Z]

3D [lat, lon, h] + 3D [lat, lon, h]

<t <t

x x

o o

[aa) [aa)
2D RSO [North, East] 2D RSO [North, East]
Box 1 7 parameters of Helmert Transformation (ITRF2014@2014.0— GDM2000@2006.0)
Box 2 3-Helmert residuals Helmert residuals (3 translation )

between ITRF2014@2014.0— GDM2000@2006.0

Box 3 Coordinate conversion between 3D Cartesian — 3D geographical coordinate
Box 4 Coordinate Mapping from 3D to 2D mapping
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These results show that the

stable as many stations as many
stations depicts large residuals

GDM2000 coordinates are not
between 10 to 60 mm for

Peninsular Malaysia and up to 250

mm for East Malaysia.
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Defining coordinate of
ITRF2014 @different epoch

*Sunda Plate Rigid (2cm/yr)

*Co-seismic Deformation
during 2004 Sumatra Andaman, ITRF2014
2005 Nias Simeulue, 2007 02014.0

*Sunda Plate Rigid

Bengkulu and 2012 Northern (2cm/yr) i ]
Sumatra. 3D [X,Y,Z] Post-seismic Deformation
*Post-seismic Deformation due due to earthquake

to earthquake occurrence 3 occurrence

3D [lat, lon, h]
<
X
(an)]
Cy
(cm \degradat,- 2D RSO [North, East]
M feyeys 0N

time dependent effect

‘time depTendent effect {

2004 2006 2008 2010 2012 2014 2016 2018 2020
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@UTM/ Defining coordinate of

To maintain the ITRF2014
level), utilization —
of BOX 5 is

3D [X,Y.,Z]

¢

needed.

3D [lat, lon, h]

E
X
‘
(an]

2D RSO [North, East]

Maintain the accuracy

ITRF2014 @different epoch

BOX 5 is DEFORMATION
MODEL that contains:
*Sunda Plate Rigid
*Co-seismic Deformation
*Post-seismic Deformation

Maintain the accuracy

# (mm-cm level)
< %_%

2004 2006 2008 2010 2012 2014 2016

(mm-cm level)
=

2018 2020
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Mathematical function in BOX 5 that follow ITRF2014
approach

ITRF2014: Equations of post-seismic deformation models

After an Earthquake, the position of a station during the post-seismic trajectory, Xpsp, at an epoch ¢ could
be written as:

Xpsp(t) = X(tg) + X (t —to) + 6Xpspl(t) (1)

where X is the station linear veloc ity vector, and 6 X psp(t) is the total sum of the post-seismic deformation
(PSD) corrections at epoch {. For each component L € {EN U}, we note 4L the total sum of PSD corrections
expressed in the local frame at epoch {:

1'1! i ﬂ-e Py
-t I
— l ™
oL (1) _2.45105(1+T“)+ZA'§(1—E ) )
i=1 i i=1
Coordinate at time i motion
Co-seismic Shift/ Post seismic Deformation (PSD)
‘l l Deformation

K
y(ti )T Yo VL Zojc(ti -t,) a;log,,(1+t/7y,)
=1

Initial Coordinate
ITRF (e.g ITRF2014.0 or
GDM2000@2006.0
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Each grid
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contains parameter

of :
1.Sunda Plate Rigid
2. Co-seismic
Deformation
3.Post-seismic
Deformation (PSD)

Geographical Latitude
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©®

Geographical Latitude

GRID DEFORMATION

MODEL
*Co-seismic
Deformation
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GRID DEFORMATION
MODEL

*Sunda Plate Rigid Post-seismic Amplitude

T — 5
1 o
« QUASI NETWORK

#QUASI NETWORK

3 20mmidyr i -y
6N uLa 3% 0980 E& £ 0. 1mm o W e coe 079 O3 __ predicted
k&t&“hﬁﬁ VI 20mmfyr e R 078 (R 6 g F;DS:;;')SF”'C
5 I + . £ ] ) e e
3 0% T GG o 0.1mm R R R e T g piniING = observed
b ﬁ : X post-seismig

/ 22 P o7 &
S A T gt 51 578 360 CH04GMSI3H. oy

85N T
Ot es 335 GEILETS Q88 Q103G117E1 50 1

Wd4 59 w74 @58 Q102011661 230138

RSl
e e

Geographical Latitude
Geographical Latitude

o '-ﬂ 054 U6 O l¢‘ .'n.i" 40 ) ) et ) ) )
N . ﬁﬁﬁé'gs Y"# ‘t* e * 082 g9 rin@i2lye )

S

Q57 QB QOS5 10901 2261 35 %2

Gl 32e1 R ol

iy

— T T T T T

29°E 100°E 101°E 102°E 103°E 104°E 105°E 8a%E e 100°E 101°E 102°E 103°E 104°E
Geographical Longitude Geographical Longitude

innovative e entrepreneurial e global www.utm.my




@ UNIVERSITI TEKNOLOGI MALAYSIA

GRID DEFORMATION
MODEL

Q10
. L) L)
. ¢ Parameter of Sunda Plate Rigid,
rs co-seismic deformation
Cl & post-seismic deformation at
o soam CCl point can be interpolated
Lon: 100.488° from Q3, Q9 & Q10.
- i o RigidPlate PSD . .
Site | £ £| Motion | (ampii | CO-SEISMIC offset (mm)
3 9 Site © (mm/yr) | tude) | 2004 Eq | 2005 Eq | 2007 Eq 2012 Eq
03 N -4.3 -28.7 -19.0 -35.5 -8.3 27.2
E 30.9 -94.1 | -140.6 -32.5 5.1 51.7
Q9 N -4.4 -26.5 -15.2 -35.0 -8.7 26.1
E 30.9 -87.8 | -133.4 -32.7 0.5 495
Q10 N -4.4 -27.1 -19.8 -32.5 -55 26.7
E 310 -87.0 | -139.5 -29.4 -3.4 46.4
cel N -4.4 -28.0 -19.1 -33.1 -5.6 26.9
E 31.0 -94.0 | -1385 -30.2 -3.4 47.0
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; Concluding Remarks
r 5

* Itis evident that significant deformation has occurred in
Malaysia.

* Moreover, a new ITRF definition has been realized, i.e.,
ITRF2014.

* Therefore, it is necessary for a revision of GDM2000.

* The geocentric coordinates can be maintained via a time-
dependent similarity datum transformation (BOX 1 & BOX 2)
with crustal deformation model (BOX 5).

* The assessment using BOX 5 shows that “83% of residual
coordinate can achieved up to 2cm of accuracy by inclusion of
linear and non-linear of Plate Motion & Post-seismic Models.
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