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PS| analysis on Ceniral Sulawes
(ex-ante & ex-post Earthquake of 28 September 2018)
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1) Ex-ante PS/DS ground motion map

* Number or Images: 58
« Temporal resolution: 25 April 2015 - 7 june 2018
+ Sensor: Sentinel-1 (spatial resolution: 5 m x 20 m)

2) Ex-post PS/DS ground motion map

* Number or Images: 31
« Temporal resolution: 05 October 2018 — 15 April 2018
» Sensor: Sentinel-1 (spatial resolution: 5 m x 20 m)
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Area of Interest (AOI)

Area: 792 Km?2

Image Landsat / Copernicus

© 2018 AfriGISi (Pty) Ltd. G
© 2018/Google OOgle Earth
Data SIO, NOAA, U.S/Navy, NGA, GEBCO
Data di acquisizione delle immagini: 12/14/2015  Lat -0.977294° Lon 119.941066° elev 131 m  alt 99.17 km
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1) Ex-Ante PS/DS ground mg

Input data

Datastack: Descending orbit

= ®

- Provincia di'Gorontalo |
4 ] 5. Sulawesi Settentrionale
limantan Orientale ! = % _

Number of Images: 58

Temporal resolution: 25 April 2015
7 june 2018

Sensor: Sentinel-1
(Spatial Resolution: 5 m x 20 m)

DEM: SRTM 30 meters

Landsat./ Copernicu
©2018 AffiGIS (Pty) Lid:

* ©2018 Google e o Google Earth
Data S10, NOAA, U'S: NavyiNG4, GEBCO >
Sulawesi Meridional

Lat 0.922686° Lon 118.071338° elev 30 m alt 863.66 km
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Rheticus® Displacement data Processing based
on SPINUA Algorithm

Output:
* Supermaster date: 12 June 2017

PS/DS ground motion maps:

- ID of PS/DS (CODE)

- LAT/LON of PS/DS (°)

- LOS Displacement time series (DLYYYYMMDD) (mm/year)
- LOS Average velocity of Displacement (V_LOS) (mm/year)
- Standard Deviation of V_LOS (V_LOS_STD)(mm/year)

- Incidence angle of the LOS (INC_ANG) (°)

- Heading Angle of LOS (HEAD_ANG)(°)

- Altitude of PS/DS Scatterers (H_GEQO) (m)

- Altitude Standard Deviation(H_STDDEV) (m)

- Coherence of PS/DS (COH)

- DEM error (H_AUX_DEM)

+ PS/DS time series of calibrated amplitude:
+ Amplitude time series (AMYYYYMMDD)
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oo
Interferogram
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Coarse

DEM-assisted
Coregistration
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= — Maps
AOI cropping
Amplitude Phase Stability
Calibration Map Evaluation
ﬁ_i <" PSIDS
! |psc |11 | Los
Best Path 4 N i Time
Selection I Amplitude Stability | PSC ipffiiit series
Map Evaluation Atmospheric
Phase Filtering e
PS/IDS
& || o
V Coord.)
Multi-image
SAR reflectivity PS/DS Map
DEM Error & (WGS84)
Movement
Ancillary data Estimation DEM
(orbits, Doppler...) / w - corrected
e/ atPsIDS
Geocoding
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1) Ex-Ante PS/DS ground me %

o
adb_pre_event (adbprecvent) @ QK I £

Rheticus'

Ground Motion statics (04/15 — 06/18):

Sensor: Sentinel-1
Orbit: Descending

- PS « DS
Number of PS: 246759 Number of DS: 26318

V_LOS statistics: V_LOS statistics :
'MAX'": 15.0 mm/year, 'MAX': 10.5 mm/year,
'MEAN': 0 mm/year, 'MEAN': -0.7 mm/year,,
'MIN": -30.5 mm/year, ‘MIN': -36.0 mm/year,

V_LOS_STD < 2 mm/year V_LOS_STD < 2 mm/year

Coherence Min: 0.8 Coherence Min: 0.8

The ground motion map considering the period

before the earthquake of 28 September 2018 (.mm/year )
revealed a general stability of the area. By bl 15 km
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1) Ex-Ante PS/DS ground matie

Displacement 25 %= Filters

Period of interest

Global Last year

Velocity (mmyean
N -2 -10 10 20
® @

Using the Rheticus® Displacement filters and
visualizing only the PS/DS characterized by
the |V_LOS|>1 cm/year

two main ground motion phenomena has
been detected as highlighted by the red
circles in the image.
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1) Ex-Ante PS/DS ground mation map = = S =€ sa

adb_pre_event ( adb_pi

IV_LOS| 'Rhell’cus SR ) SP » » : :
o A% ¥ . . LA ¥ ' Period of interest

0o, > 3 L b
>3 mm/year e e e U ey : oS
. M | . 3 : — e R G ; ; | m Last year

Velocity (mmiyean
-20 3 3 20

P e

1 1 1 I 1
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Acceleration
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adb_pre_event ( adb_p:

IV_LOS| B%lt‘ll(:llb‘ S | : | ‘
" 7 : o h?} : y < : s i s ] Period of interest

>5 mml/year L TR i i :
‘ : TN ; - ALl ) Velocity (mmysen

-20 -5 S 20

® @ ® 9

Acceleration
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|V_LOS|
>7 mmlyear

— 11 b= ==

(mmiyear)

200 m

- 411

Displacement

adb_pre_event ( adb_pi

Filters

Period of interest
m Last year
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e . -._' l.' = Displacement adb_pre_event ( adb_pi
IV_LOS| Rheticus ’
>10 mml/year

Period of interest

Velogity mmyean

@O Normalized

100

Satellites
&0 Sentinel
@ COSMO-SkyMed

(5] TerraSAR-X

Orbit
Ome  Ascending
@O Descending
(mmiyear)

200 m
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|V_LOS|
>15 mml/year

Displacement

adb_pre_event ( adb_pi

Period of interest

m Last year

Velocity immyean

Coherence @O Normalized
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® @
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adb_pre_event ( adb_pi Filters

>20 mm/year

V_LOS MAX:
-27 mml/year

—_— 01 b - 4=

Period of interest

Velocity immyesn —

0 100
Displacement
I 1 | 1 1
g Coherence @O Normalized
s 50 100
g [ e
=
'g 1 ] 1 ! ]
8
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= Satellites
g
796 &0 Sentinel
1211212014 10/08/2015  OT/0412016  24/112018  14/07/2017 07/06/2018
Date @ COSMO-SkyMed
o Nﬂ ©  TerraSAR-X
Apr-2015 Apr-2016 Nov-2018 Juk2017 Jun-2018

Orbit

More info| None ¥ R
Om  Ascending

@O Descending

Scatterer Code

Product Orbit Coherence

(%)

Normalized
Coherence (%)

Altitude
(m}

Velocity *
(mm/year)

Acceleration *
(mmlyear?)

= L05244P12854 PS 60 73 -26.5 5.3

(mmiyear)
= L05244P12855 PS 2.4 =27 1.9
200m
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|V_LOS|
>3 mml/year

Rheticus’

{mmlyear)

adb_pre_event ( adb_pi
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1) Ex-Ante PS/DS ground ma@i

adb_pre_event ( adb_pi

Period of interest

IV_LOS| Rheticus
& | % » m Last year

>5 mml/year ~‘
3 b Velocity (mmysen

-20 -5 5 20
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|V_LOS|
>7 mmlyear

Rheticus’

{(mmiyear)

1000 m

adb_pre_event ( adb_pi
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1) Ex-Ante PS/DS ground m@ \“‘“ike

i S

|V_LOS| Rh'e.li.(;llS" adb_pre_event (adb_pi
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1) Ex-Ante PS/DS ground

|V_L OSl Rhet i.('/'llS” adb_pre_event (adb_pi
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1) Ex-Ante PS/DS ground mqﬁ;@i

- adb_pre_event ( adb_pi = Filters

IV_LOS| Rheticus
Period of interest

>20 mm/year i ui £ ey,
5 = z B m Last year

Velocity (mmysen

V_LOS MAX:
-20.5 mm/year

Displacement

Satellites
Sentinel
COSMO-SkyMed
TerraSAR-X
i)
May-2015 2016 . Jun-2018
Regression line | Noise filter (] More info| None O Ascending
Descending

Scatterer Code  Product Orbit Coherence Altitude Velocity * Acceleration *
(%) (m) (mmiyear) (mmiyear?)

{mmiyear) = 104876P11344 DS a9 B 6 94

1000 m

* Period of interest: Global

European Space Agency




2) Ex-Post PS/DS ground m

Input data

O

CRY

Datastack: Descending orbit BrovinciXtEe i .
. Sulawesi Settentriong
antan Orientale

Number of Images: 31

Temporal resolution: 05 October 2018
15 April 2019

Sensor: Sentinel-1
(Spatial Resolution: 5 m x 20 m)

DEM: SRTM 30 meters Fia . ool
Inlage LandsatiEopernicus
\ P oaischen Google Earth
=

3 Lat 1.788452° Lon.118.105120° elev -11m  alt 805.73 km
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2) Ex-Post PS/DS ground ma@

Rheticus® Displacement data Processing
based on SPINUA Algorithm

Output:
* Supermaster date: 27-JAN-2019

PS/DS ground motion maps:

- ID of PS/DS (CODE)

- LAT/LON of PS/DS (°)

- LOS Displacement time series (DLYYYYMMDD) (mm/year)
- LOS Average velocity of Displacement (V_LOS) (mm/year)
- Standard Deviation of V_LOS (V_LOS_STD)(mm/year)

- Incidence angle of the LOS (INC_ANG) (°)

- Heading Angle of LOS (HEAD_ANG)(°)

- Altitude of PS/DS Scatterers (H_GEQO) (m)

- Altitude Standard Deviation(H_STDDEV) (m)

- Coherence of PS/DS (COH)

- DEM error (H_AUX_DEM)

+ PS/DS time series of calibrated amplitude:
+ Amplitude time series (AMYYYYMMDD)
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g e
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! |psc |11 | Los
Best Path s ~ 1 : ‘ Time
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[ ] Map Evaluation Atmospheric
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Map
& || o
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DEM Error &
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Geocoding
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Ground Motion statics (10/18 — 04/19):

Sensor: Sentinel-1
Orbit: Descending

« PS « DS
Number of PS: 514907 Number of DS: 36728

V_LOS statistics (mm/year): V_LOS statistics (mm/year):
'MAX': 161.5, 'MAX': 86.5,

'MEAN": -15.8, 'MEAN'": -15.9,

'MIN': -204.0, 'MIN': -204.0,
MAX_V_LOS_STD< 15 MAX_V_LOS_STD< 11
AVG_V_LOS STD=2.7 AVG_V_LOS STD=15

Coherence Min: 0.75 Coherence Min: 0.75

The ground motion map obtained after the earthquake
of 28 September 2018 revealed that the area is still
affected by ground motion.
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2) Ex-Post PS/DS ground matio

Rheticus®

-15 0 Tl
I a

( mml/year )
0 7.5 15 km

Displacement

adb (adb ) e (o} w



Using the Rheticus® Displacement filters and
visualizing only the PS/DS characterized by the
[V_LOS|>2 cml/year it is possible to identify the
area characterized by the higher magnitude of the
post-earthquake ground motion.

It is interesting to note the different ground motion
behaviour between the West side of seismic fault
(ground motion toward the satellite LOS) and the
East side (ground motion away with respect to the
satellite LOS).
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2) Ex-Post PS/DS ground matio

VLOS _statistics considering the three different area characterized by a different
average ground motion behaviour:

Average positive velocity (Up LOS ground motion): Blue polygon
Average stability: Green polygon
Average negative velocity (Down LOS ground motion): Red polygon

« PS DS

Number of PS: 97355 Number of DS: 7838
V_LOS statistics (mm/year): V_LOS statistics (mm/year):
'MAX": 161.5, 'MAX': 86.5,

'MEAN'": 22.3, 'MEAN'": 21.4,

'MIN'": - 151.0, 'MIN': -47.5,

AVG V LOS STD=2.8 AVG_V LOS STD=1.6
Coherence Min: 0.75 Coherence Min: 0.75

Vincenzo Massimi — Planetek
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2) Ex-Post PS/DS ground ma@

VLOS _statistics considering the three different area characterized by a different
average ground motion behaviour:

Average positive velocity (Up LOS ground motion): Blue polygon
Average stability: Green polygon
Average negative velocity (Down LOS ground motion): Red polygon

« PS - DS
Number of PS: 116223 Number of DS: 8507
V_LOS statistics (mm/year): V_LOS statistics (mm/year):
'MAX": 119.5, 'MAX': 25.0,

'MEAN'": -1.5, 'MEAN'": -0.8,

'MIN': - 169.5, 'MIN'": -58.0,

AVG_V_LOS _STD=2.7 AVG_V_LOS STD=1.4
Coherence Min: 0.75 Coherence Min: 0.75

Vincenzo Massimi — Planetek
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2) Ex-Post PS/DS ground mo

VLOS _statistics considering the three different area characterized by a different

average ground motion behaviour:

- PS
Number of PS: 302446

V_LOS statistics (mm/year):

'MAX': 156.0,
'MEAN': -33.5,
'MIN'": - 204.0,
AVG_V_LOS_STD=2.7

Coherence Min: 0.75

— I hn 2= BN - ] ==

e DS
Number of DS: 20447

V_LOS statistics (mm/year):

'MAX': 36.0,
'MEAN': -36.4,

'MIN': -204.0,
AVG_V_LOS_STD=5

Coherence Min: 0.75

(I

Average positive velocity (Up LOS ground motion): Blue polygon
Average stability: Green polygon
Average negative velocity (Down LOS ground motion): Red polygon

- 1111l - o I == B2 11
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Rheticus® Building provides updated levels of concern on each building based on
the measurements of displacement of the building itself and of the nearby areas
performed by means of the Rheticus® Displacement ground motion measurements.

FROM THE DISPLACEMENT TO THE BULDING
MEASUREMENTS } STABILITY LAYER

Rhcticns

— 0l b c= ™ I W= T Il D D R e B3I EEE i v
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correspond to a decreasing level of concern:

Rheticus
CLASSES OF MOTION [=] %]

The parameters used to classify the level of concern
are based on the statistical model that combines the
velocity, acceleration and coherence of PS/DS
Scatterers in order to highlight the buildings that
are affected by differential motions.

CLASSES OF MOTION
B HIGH 4,102 (2%) ) :
2 MEDIUM : 9,640 (5%) I Lt \%;._}_‘
3 LOW : 176,844 (86%) TR 1| ot N A
E e T 3 = Y 4 \ ) R
4 NO DATA : 14,447 (7%) o s S, 5 /o LN
:5‘.':-‘ ¥ i s .I
L § ]
I 2 4
-8 5
~ I_Q
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Rheticus® Building overview |

1) Ex-ante Rheticus® building stability layer

Input data:
* Ex-Ante PS/DS ground motion map (Sentinel-1 / 25 April 2015 — 7 june 2018)
* Open-Street map buildings over the AOI

Output:
« Ex-Ante Rheticus® Building Stability layer

2) Ex-post Rheticus® building stability layer

Input data:

* Ex-post PS/DS ground motion map (Sentinel-1 / 05 October 2018 — 15 April 2019)

» Open-Street map buildings over the AOI (Note: the destroyed buildings according to the Copernicus EMS
were not considered for the classification)

Output:
« Ex-Post Rheticus® Building stability layer
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1) Ex-Ante Rheticus® Buﬂdlngf‘t blllty‘-_'la [
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Close menu »

1) Ex-Ante Rheticus® Building

Layers v

7\ \\ 2, . e
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Rh'etlcus
CLASSES OF MOTION
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Example
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3 LOW : 176,844 (86%)
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Example over the
area affected by
diffused ground

motion on the

Rheticus’
CLASSES OF MOTI

north-east side of

Palu
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1) Ex-Ante Rheticus® Buildi

PN

Rlletlulg LAYING 205,033 OF 20
CLASSES OF MOTION
Example over the
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Example over the
area on the west
side affected by
subsidence.

The differential
ground motion
between the area
still affected by
subsidence and
the surrounding
area affected by
homogeneous
post-seismic
motion (positive
LOS

velocity) is clearly
highlighted.
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2) Ex-Post Rheticus® Building‘{;

Example over the SICEGIC—
area close to the mic e
seismic fault [*lic s
(highlighted  with

the red circle).
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Example over the
area close to the
seismic fault
(highlighted  with
the red circle).

It is interesting to
see the correlation
between the
buildings
classified as red
and the differential
motion highlighted
by the PS/DS map
close to the
seismic fault.
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2) Ex-Post Rheticus® BUildinf‘ 5

Example over the Rhetlcus

CLASSES OF MOTION
area close to the ®io e - X
seismic fault oo srsed Y Woni Layers v
(highlighted  with

the red circle).
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Let's keep in touch

Vincenzo Massimi
massimi@planetek.it

m www.rheticus.eu
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