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s PREVIOUS MODELS
Johnson Zhang GPS & InSAR
Based on et al. [2004] et al. [2007] b
GPS data ;° °

Amelioration of curved fault model but
considering vertical and lateral elastic
heterogeneity: ramp-décollement
system with a lateral ramp at the
northern end

1068 planar triangular dislocations
elements used. 4 segments fault system.
(similar to Johnson et al. [2004])
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Dominguez
et al. [2003]

GPS and
SPOT images

Zhang et Dip1l Dip 3 Dip 4 Length Depth
al. 2007 26° 29° 4.2° 27km 7.7km
Johnson 26° 23° 0° 27km 7.7km
et al.
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1. Process and combine 4 datasets of observation data:
= GNSS
= Leveling
= |nSAR (ERS-2 images)
= QOptical correlation (SPOT 1-2 images)

2. Relative weights determination: gABIC (Yi et al. 2017)

3. Geodetic inversion: PSOKINV (Feng et al. 2013) to determine the fault geometry
and the slip distribution
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DATASETS AND PROCESSING TECHNIQUES
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1. GNSS &

Data extracted from Yu et al. [2001]
= 101 Campaign-surveyed GPS &
= 41 permanent stations (CWB, MOI & IESAS)

FOOTWALL HANGING-WALL
** Subsidence ~0.3m | uplift -> 4.4m
Displacement 1.5m | 9m

% e g Reverse Fault
120° 121° 122° https://grickarnure.weebly.com/reverse.html
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ERS2 images: Track 232, 2

descending 28/10/1999 // 21/01-06/05-15/07/1999
02 Processing: SNAP/SNAPHU
About 12 fringes (1 fringe = 2.8 cm), so ~33cm of
deformation. No coherence on the hanging-wall due
to dense vegetation.

24°20'

24’10’
0.1

24°00'
—— OF IMAGES Multilooking to reduce the speckle noise
Phase filtering using Goldstein filter

||\5;|L:(\;ES INTERFEROGRAM FORMATION
> COREGISTRATION [ ) Removal of the flat-earth phase

00 || MASTER

—
23'50' | DEM & TERRAIN
‘ SRTM 30m . PHASE CORRECTION OACOS
— UNWRAPPING : . Atmospheric
— Snaphu To remove terrain correction
DELFT distortion '
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4. SPOT IMAGES, OPTICAL CORRELATION
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SPOT images correlation using Cosi-Corr (Co-registration of

06/03/1999 | SPOT 2 10m Left
21/11/1999 | SPOT 2 10m Left
29/01/1999 | SPOT 2 10m Right
23/11/1999 | SPOT1 10m Right
4% 12.4° 54.3° 145.1°
4% 12.4° 44.5° 162.3°
10% 2.9° 42.9° 151.0°
0% 2.5° 43.4° 159.7°
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Optically Sensed Images and Correlation)
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Tandem-X Raw pre-event Raw post-event
DEM 12.5m SPOT image SPOT image
Hill shade image i i i
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Conversion to GCPs

Ancillary files

Optimization of the
GCPs
e * )
Ortho-rectification
¥ of the post-
. earthquake image )

Tie points selection
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Ortho-rectification of

the pre-earthquake —_,
image Sub-pixel
correlation \
/ "
E/W offset field N/S offset field Signal to Noise
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Figure: (a) & (b) East-
West and North-South
horizontal SPOT offsets
filtered using a 32x32
pixels sliding window (c)
Signal-To-Noise ratio
(SNR) band.
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Displacement field of the Chi-Chi
earthquake from a pair a SPOT
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images (Black arrows).
Red arrows are the GPS displacements.
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gABIC (generalized Akaike’s Bayesian Information Criterion)
(Yietal. 2017)

The observation equations and prior constraints (spatial and temporal smoothness):
d=Ha+e
O0=Sa+e¢

d: N dimensional vector containing P observations

H: NxM coefficient matrix

S: N,xM coefficient matrix containing Q types of prior constraints

a: M dimensional model parameter vector

e, €: vectors of the gaussian distribution errors of observations and constraints.
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PSOKINV (Particle Swarm Optimization and Okada Inversion package)
st ot _,-’f Unwrapped \"-\_ ’ Other data .\'\_’
Strike \ interferograms / |NPUT DATA . GPS, Leveling, Optical offset
SR \ / ' -
ap
e Linear trend removal
B°“°meuge i// ,ﬁg“g‘}\’éev T
\ . Downsampling of InSAR observations
" by Quadtree algorithm
-_—
Fault geometry )
(image from http://diss_ rm.i ngv.it) Fault parameters determination using improved particle swarm optimization under an assumption of a
Length = 55km | Width = 25km uniform slip on a rectangular fault
= = J

Dip=34.5° | Rake=65° | Strike=5°
Top depth = 5km
Sllp opening =1.67m Simulation of the observations and computation of residuals

Slip distribution over the fault plane: iterative technic for estimating optimal dip angle and smoothing factors
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GNSS & LEVELLING
- Similar slip distribution as
previous models from GNSS
0 ! inversion
& 7 - Underestimation from InSAR only

- Similar result from SPOT
correlation and GNSS, but over
estimation on the north part.
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CONCLUSION 16

@

= Use of different type of datasets is essential to refine the parameters

= gABIC & PSOKINV is a powerful combination to model a fault using earth
observations

= Improve the modelling thanks to the implementation of gABIC

m.roger2@newcastle.ac.uk
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