18th International Symposium on Geodynamics and Earth Tides

Trieste, 5-9 June 2016

Accessing Power-Law Properties
of Post-Seismic Deformation
in Land Movements

Anna Klos!), Addisu Hunegnaw?), Machiel S. Bos3),

F. Norman Teferle?), Rui Fernandes3), Janusz Bogusz?)

1) Military University of Technology, Faculty of Civil Engineering and Geodesy, Warsaw, Poland
2) University of Luxembourg, Geophysics Laboratory, FSTC, Luxembourg
3) SEGAL (University of Beira Interior/Instituto D. Luis), Covilh3, Portugal

il . %

UNIVERSITE DU
LUXEMBOURG

_@»

A. Klos et al. — ,,Accessing Power-Law Properties of Post-Seismic Deformation ...



MOTIVATION

BACKGROUND P-SD CONCLUSIONS

18th International Symposium on Geodynamics and Earth Tides, Trieste, 5-9 June 2016

1. ITRF2014, GPS velocity field:
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2. Tectonic plates and all EHQs since 1995 (3300 events), M>6:
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3. Time series from tectonically active areas:
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3. Time series from tectonically active areas:
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3. Time series from tectonically active areas:
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3. Time series from tectonically active areas:
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4. How to model a Post-Seismic Deformation (P-SD) (as applied in the ITRF2014)?
a) exponential,
b) logarithmic,

c) exponential + logarithmic Advantages and drawbacks

d) ortwo exponential

functions.

All above need a post-relaxation time (e, and /).

n
X(t):xo +v-t+ ) J; -H(t—tj)+ [Sl- -sin(a),- -t)+ C; -cos(a)l- -t)]+

- -
: : A misfit between data

r—1 t—t
+b.10g(1+ Oj+c. 1_exp[_ oj @ and model
@ A post-relaxation time
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4. How to model a Post-Seismic Deformation (P-SD)?

a) cut data into pieces and analyse them separately,
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4. How to model a Post-Seismic Deformation (P-SD)?

b) model entire data,
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4. How to model a Post-Seismic Deformation (P-SD)?

c) apply a multitrend approach.
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5. Method:

a) Reformulated Maximum Likelihood Estimation (Bos et al., 2012):
~\ | < ~—1_
In[p(r)]= [(n m)In27 +Indet(C)+ ¥ C'F
Assumption of white + power-law noise.

b) Selection on best model based on Akaike Information Criterion (AIC) and Maximum

Likelihood Function (MLF).
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6. GNSS data: 300:
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6. GNSS data: 300
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6. GNSS data: 300

200 / AREQ
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6. GNSS data:
a) Cutting into pieces (after EHQ):

Post-relaxation time (e, and /_in days) is a main issue,

AIC and MLF differs a lot (of even 550).

BEFORE EHQ (North): BEFORE EHQ (East): BEFORE EHQ (Up):

Noises: Noises: Noises:

6p; = 6.21 mm/yr 4, k =-0.94 op, =5.88 mm/yr*4, k =-0.65 6, =10.39 mm/yr*4, x = -0.53
Deterministic part: Deterministic part: Deterministic part:

v; =15.10 +£ 0.69 mm/yr v, = 11.02 £ 0.56 mm/yr v, =-1.59 =+ 0.98 mm/yr
AFTER EHQ (North): AFTER EHQ (East): AFTER EHQ (Up):

e.=1,/=811 e.=1,1=871 e.=121,/=1

(lowest AIC & greatest MLF) (lowest AIC & greatest MLF) (lowest AIC & greatest MLF)
Noises: Noises: Noises:

6p; = 4.04 mm/yr“4, k =-0.93 6p; =4.69 mm/yr 4, k =-1.05 6p; =9.92 mm/yr 4, x =-0.71
Deterministic part: Deterministic part: Deterministic part:

v, = 18.49 = 0.59 mm/yr v, =14.73 £ 0.76 mm/yr v, =1.31 £ 0.83 mm/yr
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6. GNSS data:
b) model entire data:

Post-relaxation time (e, and /_in days) is a main issue.
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7. Conclusions:
a) Velocity of GNSS station changes after earthquake.
b) The post-seismic decay has to be modelled to properly analyse noises.
c) Few different approaches can be applied to time series affected by earthquakes.

d) The spectral index of power-law dependencies goes towards flicker noise.
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6. GNSS data:
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6. GNSS data:
a) Cutting into pieces (after EHQ):

Post-relaxation time (e, and /_in days) is a main issue,

AlIC and MLF differs a lot.

BEFORE EHQ (North): BEFORE EHQ (East): BEFORE EHQ (Up):

Noises: Noises: Noises:

6p; = 2.73 mm/yr*4, k=-0.36 o6p; =3.01 mm/yr*4, k =-0.36 6, = 10.48 mm/yr*4, x = -0.40
Deterministic part: Deterministic part: Deterministic part:

v; =-6.20 = 0.72 mm/yr v, =-14.31 £ 0.79 mm/yr v, =-3.48 £ 2.73 mm/yr

AFTER EHQ (North): AFTER EHQ (East): AFTER EHQ, (Up):

e,=751, /=541 e, =421,1/=1 e.=1,/=511

(lowest AIC & greatest MLF) (lowest AIC & greatest MLF) (lowest AIC & greatest MLF)
Noises: Noises: Noises:

6p; = 3.97 mm/yr4, k =-042 o, =3.41 mm/yr4, k =-0.41 op, = 11.89 mm/yr*4, k =-0.46
Deterministic part: Deterministic part: Deterministic part:

v, =148.13 £ 10.79 mm/yr v, =77.81 £1.21 mm/yr v, =28.92 £2.34 mm/yr
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