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Introduction

This tutorial goes through a set of modeling tasks to get an overview of the main functionalities. The tutorial
starts from the output of an InSAR processing, carried out with SARscape, of the Mw 6.6 earthquake occurred
near Bam (Iran) on December 26, 2003. After obtaining from the raster InSAR map the shapefile of sampled
points to model, the coseismic signal is modeled via Non-Linear and Linear inversions, to infer fault geometry,
kinematic rupture mechanism and slip distribution. A stress-transfer is then calculated, simulating the presence
of another fault close to the modeled one. The modeled fault is also used with forward modeling to generate
the raster map of the predicted displacement, eventually projected into the original Line-Of-Sight, unwrapped
and wrapped.

Though this tutorial shows the main modeling features, it is not exhaustive of all the software potentialities
and flexibility. We strongly suggest to refer also to the SARscape online help to know all the options not
involved in this tutorial.

We highlight that good modeling results cannot obtained by only tuning algorithm parameters: strategies and
approaches could be very different according to problem complexity and their effectiveness strongly increase
only with experience.

Tips and notes are also provided to improve modeling strategies and functionalities not exploited in this
tutorial.

The Bam event data

This tutorial is based on the displacement map generated with a pair of SAR images acquired by the Envisat
satellite (European Space Agency). This map has been obtained with an interferometric processing carried out
with the SARscape interferometric module; the images have been acquired on December 3, 2003 and
February 11, 2004 and have a spatial baseline of about 4 m. In this tutorial the displacement is modeled with
a single fault with distributed slip.

Refer to the cited literature (Wang et al., 2004; Funning et al, 2005) for a review of the event.
REFER TO YOUR LOCAL DISTRIBUTOR TO GET THE DATA FOR THIS TUTORIAL.
To run the tutorial, you need the following files:

¢ Bam_envisat_dsc_disp: displacement map (m) obtained from a descending Envisat image pair;
¢ Bam_envisat_dsc_ALOS: map of the Line-Of-Sight azimuth angle;

¢ Bam_envisat_dsc_ILOS: map of the Line-Of-Sight incident angle;

¢ Bam_SRTM_dem: SRTM digital elevation model with 90 m resolution.

Data are UTM-WGS84, Zone 40 North.

The XML Project File

All the main modeling panels are based on the XML Project File. This file allows to save and restore the
configuration of any processing. Read more about the XML Project File in the SARscape online help. The XML
Project File for this tutorial will be ModelingProject.xml.
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Sampling Areas

MENU: SARSCAPE — INTERFEROMETRY - DISPLACEMENT MODELING - SAMPLING AREAS

Image sampling is required, in the case of InSAR data, to reduce the number of points to model. This panel
allows to load a raster image (Bam_envisat_dsc_disp) and to draw polygons defining the areas where
points must be sampled with a given resolution: 500 m for the inner polygon, containing most of the signal,
and 2000 m for the outer polygon. Use the left mouse button to draw two polygons like those in figure and
set the resolutions in the table.

@ Sampling Areas X

Modeling
Sampling Areas

. Samohng’ Areas
id Resolution (m)
Poly1 500 ~
Poly2 2000
v
< >
Delete polygon
Save to shapefile..
— e .

58.083 58.369 58.655°

29.289°

29.045°

28.801

C:\Codici_|DL\Sviluppo\samap\Tutorial 1\raster\Bam_envisat_dsc_disp
Stretching interval: Min|-0.19 Max|0.20 Apply

After loading the raster image:

- use left mouse button to draw sampling area polygons

-right click to cancel last polygon vertex while drawing

- use mouse weel to select a polygon and zoom/pan the image

Then, click on “Save to shapefile...” to save your polygons to the SamplingAreas.shp output shapefile.

Note: along this tutorial, negligible source parameter differences will derive from the way you define the
polygons.

Output files: SamplingAreas.shp (shapefile of polygons defining the sampling areas and spatial rate)

Image sampling

MENU: SARSCAPE — INTERFEROMETRY - DISPLACEMENT MODELING — TOOLS - IMAGE SUBSAMPLING”

Image subsampling can be carried out with two different approaches: with regular meshes of points over
specific areas or with the Quadtree algorithm. In this tutorial we use the first approach, using the
SamplingAreas.shp file created above.
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The panel must be filled with the raster output of the InSAR processing (Bam_envisat_dsc_disp,
Bam_envisat_dsc_ALOS, Bam_envisat_dsc_ILOS, Bam_SRTM_dem, as in figure) setting also the
name of the output point shapefile (Env_bam_dsc.shp)

Image Subsampling = O X

Modeling
Image Subsampling

Subsampling image |C:\Tutorial\Bam\Raster\Bam_envisat_dsc_disp Select file....
Azimuth LOS image |C:\Tutorial\Bam\Raster\Bam_envisat_dsc_ALOS Select file...
Incidence LOS image | C:\Tutonal\Bam\Raster\Bam_envisat_dsc_ILOS Select file....
DEM |C:\Tutorial\Bam\Raster\Bam_SRTM_dem Select file...

Subsampling method ' Mesh from vectorfile

Sampling Areas ]YC ATutorial\Bam\Modeling\SamplingAreas shp } Select file...
Output Shapefile {C:\Tuton‘al\Bam \Modeling\Env_bam_dsc shp | Select file...
[7) Start Cancel

After the sampling is completed, check the number of sampled points and the output

m InSAR data: C:\Users\Simone Atzori\Dropbox\sar.. =~ — (] X

OBSERVED

29.357°

29.075°

28.792

Image Subsampling

58.149 58.431° 58.714°
Shapefile created (6418 features).
o Visualize the output?
-0.118 0.000 0.118 0.237
LoS Displ. (m)

00 » | | gHEXe- virT >\ A 2

Note: for overlapping areas (the inner polygon is completely contained in the outer) the sampling algorithm
picks points with the finer resolution, 500 m in this case.

Tip: in general, an arbitrary number of datasets can be simultaneously inverted: keep a reasonable number
of points for every dataset to avoid a computational excess load.

Tip: always check the shapefile attribute table (with ENVI or any GIS software) to check the content (see the
“InSAR_dataset” online help for further details)
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I:| Attribute Viewer: Env_bam_dsc.shp - O X
File Options Help
E & 8
East North Observed Coef_east | Coef_north Coef_up Elev sigma

1 [639712.1%90@@@ 3195285.000000  ©.884040 8.389600 -0.829748 ©.920500 922.690000 ©.820000 ~

2 [648212.1%080@ 3195285.000000 |©.084140 8.389040 -0.829670 ©.920740 912.520000 |0.820000

3 |648712.1%0800 3195285.600000  0.883790 8.388480 -0.829598 ©.920980 9063.950000 0.020000

4 |641212.190800 3195285.000000 ©.003610 8.387910 -0.829490 ©.921220 896.340000 |0.820000

5 |641712.1%0@0@ 3195285.600000  ©.884370 8.387350 -0.829420 ©.921460 888.830000 0.020000

6 [642212.1%080@ 3195285.000000 |©.004200 8.386790 -6.829330 ©.921700 882.360000 |0.020000

7 |642712.1%0@00 3195285.600000 ©.884110 8.386230 -0.829230 ©.921940 874.680000 0.020000

8 [643212.1%50@@@ 3195285.800000 |©.884338 8.385660 -@.829150 2.922180 567.700000 |0.0820000

9 |643712.1%50@@@ 3195285.800008  ©.882810 8.385180 -0.829050 ©.922420 564.910000 ©.820000

10 |644212.19e@08 3195285.000008  ©.804950 8.384540 -.825990 2.922650 §56.990000 |0.820000

11 |644712.19e@08 3195285.000800  0.804780 8.383980 -0.823890 ©.922898 §53.500000 ©.820000

12 |645212.198@08 3195285.000008  ©.803950 8.383410 -0.825810 8.923130 545.630000 |0.0820000

13 |645712.19e@e8 3195285.000800  0.803010 8.382850 -0.825740 2.923368 547.520000 ©.020000

14 |646212.190808 3195285.000000  ©.802950 8.382290 -.828650 2.923600 850.330000 |0.820000

15 |646712.19808 3195285.000000  ©.801750 8.381730 -8.828550 ©.923830 851.720000 0.020000

16 |621212.19880@ 3195785.000000 -0.010708  ©.410349 -0.832990 2.911330 156@.440000 0. 020000

17 |621712.19e@0@ 3195785.000000 -0.010138  0.489790 -0.832920 2.911590 1547.160000 0.020000 w

< >
= &= =" 0 of 6,418 records selected

Output files: Env_bam_dsc.shp (shapefile of observed points to invert)

Non-Linear Inversion

MENU: SARSCAPE — INTERFEROMETRY - DISPLACEMENT MODELING - NON-LINEAR INVERSION

The Non-Linear Inversion is used to find the best-fit source parameters, i.e. those that better predict observed
data. As for the main modeling panels, to enable any editing it must be set an XML Project File (see the online
help for details). Through the “New...” button, create the ModelingProject.xml in an ad Aoc folder, where
all the modeling products will be also placed.

In the "INPUT Datasets” tab add the Env_bam_dsc.shp InSAR dataset ("ADD DATASETS — Add from file...”).
The first dataset defines the output coordinate system.

Coordinate System X

Source coordinates will be 'UTM-WGS84, zone 40 NORTH
Go to Options to select a different coordinate system

Tip: you can select a different coordinate system, for the output sources, in the "Options” tab.

For an InSAR dataset, default option is to assess also parameters of a linear ramp. In this tutorial we assess
only a constant shift. Double click on the dataset name or select it and go to “EDIT DATASET - Edit
parameters...” and change the “Invert or an orbital surface” choice.
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L:—_‘j InSAR dataset setting - NON-LINEAR INVERSION INPUT

Dataset | C:\Tutorial\Bam\Modeling\Env_bam_dsc shp

Coordinate System: UTM-WGSB84-40N Set
Number of features: 6418

Weight 1.000

Measurement unit m

[None |
[ ISP Constart offset

Linear ramp
Quadric surface

Edit Get fro

Invert for an orbital suface:

Show InSAR uncertainty parameters [ ]

Commit Cancel Help

To set the source to invert there are several alternatives. In this tutorial we initialize the source parameters
using the Global CMT catalog (https://www.globalcmt.org/). You only need the GCMT identifier, that can be
retrieved at the page https://www.globalcmt.org/CMTsearch.html with the event occurring date (December,
26, 2003, Mw 6.6). The search will find the following result: just copy the identifier (122603B).

122603B SOUTHERN IRAN

Date: 2003/12/2¢6 Centroid Time: 1:56:58.1 GMT
Lat= 29.10 Lon= 58.24
Depth= 15.0 Half duration= 4.8

Centroid time minus hypocenter time: 5.7

Moment Tenscr: Expo=25 0.980 -1.410 0.433 -4.760 -2.550 7.5%80
Mw = 6.6 mb = 6.0 Ms = 6.8 Scalar Moment = 9.31e+25
Fault plane: strike=172 dip=5% slip=1¢&7

Fault plane: strike=269 dip=79% slip=31

In the “INPUT Sources” tab, go to "ADD SOURCES — Import — From Global-CMT catalog...”, set the identifier
in the panel and click “Search” (an internet connection is required).

[ From Global-CMT catalog... X

Insert CMT id|1226038 Search ‘
Source Name |2003/12/26-SOUTHERN

CMT source -plane 1

Length (m}) Width (m) Depth (m) Dip (deg) Strike (deg) Lon (deg) Lat (deg) Rake (deg) Slip (m) ‘
CMT source - average values 12766.2 45286 5900 172.00 58.310001 29.000000 167.00 05791 ~
CMT source - min values 192914 74784 00 3900 127.00 58.160832 28.943763 12200 0.0838
CMT source - max values (434128 217930 10000.0 79.00 217.00 58459327 29.056065 21200 7.2740 v

< >

(@) Add as source to invert

(0) Add as fixed source

Commit | Help | Cancel

The “CMT source-plane 1” (fault oriented N-S) is the one to be selected in the pulldown menu. According to
this choice, average, minimum and maximum values of all the source parameters are proposed. By clicking on
“Commit”, the source is added in the “INPUT Sources” list.

Note: though the CMT solution contains point-source parameters (strike, dip and rake angles, source location

and depth, seismic moment), length, width and slip are automatically derived from Wells & Coppersmith (1994)
rules.

The coordinate system adopted for the source is automatically converted to the destination one.
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Coordinate System

2003_12_26-S0UTHERN IRAN
This source has a coordinate system different from the project

Convert 'Geographic Lon/Lat-WG5S84' - > 'UTM-WGS84, zone 40

NORTH"?

Edit the source ("EDIT SOURCES - Edit parameters...”) to change the source name to Bam_fault.

Now that datasets and sources are set, “Save” the XML project file and “Start” to run the inversion.

Note: in the Non-Linear inversion the time required to get the best-fit solution is strongly problem dependent.

Read the online help for detail abo

ut the non-linear inversion algorithm.

After the inversion you'll be asked to run the Focal Mechanism calculation: answer “"No”, it will be done later

in this tutorial.

After the processing end, new tabs are added to the panel: "OUTPUT Datasets”, "OUTPUT Sources”, *OUTPUT
Statistics” and “Report”. In the "OUTPUT Datasets”, select Env_bam_dsc_nonlinear.shp and click on “VIEW
DATASETS — Plot 2D” to see a comparison between observed, modeled data, with the residuals.

-0.118 0.000 0.118 0.237
LoS Displ. (m)

E.E] InSAR dataset: C\Tutorial\Bam\Modeling\Env_bam_dsc_nonlinear.shp

OBSERVED MODELED
& & l &
wn wn wn
=2 =2 =2}
~ ~ ~
in in * in
™~ ™~ ~
= < <
R ol R &
3 |
& &~ o~
(= - -3
~ ~ ~
@ @ -]
~ ~ ~
58.149° 58.431° 58.714° 58.149° 58.431° 58.714°

-0.118 0.000 0.118 0.237
LoS Displ. {m)

- O X

RESIDUALS

58.149° 58.431° 58.714°

-15-10-5 -1 0 1 51015
(m-107%)

Symbu\size [TIResiduals with st dev. Apply

(Double click on graphic elements to change properties and appearence)

Save... Close

Select then the “Report” tab to have a synthetic and quantitative overview of the results.



L!EJ Sarscape Geophysical Modeling
Non-Linéar Inversion
INPUT Datasets INPUT Sources Options OUTPUT Datasets OUTPUT Sources OUTPUT Statistics  Report
Report created on Sat Apr 04 15:20:58 2020 ~
Inversion starttime: Sat Apr 04 15:20:30 2020
Inversion end time: Sat Apr 04 15:20:52 2020
Solution found with & iterations
INPUT DATASET(S):
CATutoriahBam\Modeling\Env_bam_dsc shp (INSARDATASET type)
(6418 features, weight 1.000, assess offset)
INVERSION RESULTS
QOverall geodetic moment 1.01E+019 N*'m
Moment Magnitude: 6.64
Bam_fault (OKADASOURCE type)|
Length: 19291.4 m, in [19291.4.43412 8] ***
Width: 9159.0 m. in [7478.4.21793.0]
Depth: 0.0 m. in [0.0.10000.0] =
Dip: 79.00 deg. in [39.00.79.00] ***
Strike: 179.01 deg, in [126.44.216.29]
East 630967.8 m. in [613130.2.642069.8]
North: 3214921.0 m, in [3202309.7,3215076.0]
Rake: 179.87 deg. in [122.00.212.00]
Slip: 1.9090 m. in [0.0838.7.2740]
Opening: 0.0000 m, fixed
Geodetic Moment: 1.01E+018 N*m
Topography compensation applied
OUTPUT DATASET(S):
C:\Tutorial\Bam\Modeling\Env_bam_dsc_nonlinear.shp
RMS: 0.031 m {overall RMS: 0.052 m) v
XML Project File: |C \Tutorial\Bam\Medeling\ModelingProjectxml
New.. Open... Save Save as... Close
@ Start Cancel

It's important checking if all source parameters fall in the given minimum/maximum ranges or some of them
reached an upper or lower limit. This is highlighted through the “***” string; when this occurs, that range

parameter must be extended to allow that parameter to reach its best-fit value.

Note: the minimum/maximum range extension strongly affects the time to find a solution: wider ranges (or
the largest possible, as 0-360 for strike) are more likely to contain the best fit value, but make the search

more time consuming.

Go to “INPUT Sources”, and double click Bam_fault source (or select it and go to “"EDIT SOURCES — Edit

Parameters...”). Change the minimum or maximum values as follows:
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&%) Elastic dislocation (Okada)

Source Name|Bam_fauIt

e

Commit

LENGTH (m) |Min|19231.4 Max|43412.8
WIDTH (m) |Min| 74784 Max|21793.0
DIP (deg) Min|39.00 Max 79.00 I
STRIKE (deg) [Min|12644 | |Max[21629 |
RAKE (deg) Min|122.00 Max|212.00
SLIP (m) Min|0.0838 Max|7.2740
OPENING (m)  Min|0.0000 Max|0.0000
Fault reference point
DEPTH(m) [Min|0.0 Max|10000.0
EAST (m) Min|613130.2 Max|642069.8
NORTH (m) Min|3202309.7 Max|3215076.0
(1) Fault center - Vertical top edge £
Pick from map
ANCILLARY PARAMETERS
'mu’ Lame's constant(Pa)  [3.00E+010
'lambda' Lame's constant (Pa) |3.00E+010
Compensate fortopography |Yes -

Draw Source in ENVI display
Coordinate System: UTM-WGS84-40N

Cancel

[&] Elastic dislocation (Okada)

Source Name|Bam_fauIt

LENGTH (m) I@ 10000.0 Max|43412.8
WIDTH (m) |I"u"|in 5000.0 | Max|21793.0
DIP (deg) Min|39.00 Max 90.00
STRIKE (deg) |Min|0.00 | Max 360.00 |
RAKE (deg) Min|122.00 Max|212.00
SLIP{m) Min 0.0838 Max|7.2740
OPENING (m)  Min|0.0000 Max|0.0000
Fault reference point
DEPTH (m) |Min|-1000.0 Max|10000.0
EAST (m) Min|613130.2 Max|642069.8
NORTH (m)  Min|3202309.7 Max|3215076.0
(1) Fault center - Vertical top edge s
Pick from map
ANCILLARY PARAMETERS
'mu' Lame's constant(Pa)  [3.00E+010
'lambda' Lame's constant(Pa) |3.00E+010
Compensate for topography |Yes

Draw Source in ENVI display

Coordinate System: UTM-WGS84-40N

2]

Commit

Cancel

Note: a negative depth value means top fault above the sea level. This condition applies when the

“Compensate for topography” option is set (this is true by default).

Tip: several inversion runs could be needed, each time adjusting parameters ranges, before getting a solution

without “***” close to any parameter.

With the above parameters changes, a stable solution like this one should be obtained

10
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Modeling .
Non-Linear Inversion

INPUT Datasets INPUT Sources Options OUTPUT Datasets OUTPUT Sources OUTPUT Statistics Report

Inversion start ime: Sun Apr 05 15:11:06 2020 ~
Inversion end time: Sun Apr 05 15:11:16 2020
Solution found with 6 iterations

INPUT DATASET(S):
C:\Tutoria\Bam\Modeling\Env_bam_dsc.shp (INSARDATASET type)
(6418 features, weight 1.000, assess offset)

INVERSION RESULTS:
Overall geodetic moment: 4.62E+018 N*m
Moment Magnitude: 6.41

Bam_fault (OKADASOURCE type)
Length: 11659.5 m, in [10000.0.43412.8]
Width: 5258.7 m, in [5000.0.21793.0]
Depth: 1199.2 m, in [-1000.0.10000.0]
Dip: 76.87 deg. in [39.00.90.00]
Strike: 358.11 deg. in [0.00.360.00]
East 632753.8 m, in [613130.2.642069.8]
North: 3213237.8 m. in [3202309.7.3215076.0]
Rake: 175.13 deg. in [122.00.212.00]
Slip: 25121 m, in [0.0838.7.2740]
Opening: 0.0000 m, fixed
Geodetic Moment 4.62E+018 N*m
Topography compensation applied

OUTPUT DATASET(S):

WL",D WedelingiEnv=b onlinear.shp

RMS: 0.013 m (overall RMS: 0.052 m

XML Project File: |C:\Tutorial\Bam\Modeling\ModelingProjectxml

New... Open... Save Save as... Close

7] Start Cancel

Note: you should get slightly different results because the InSAR dataset has been created with different
sampling polygons.

The RMS of the residual, in the “Report” tab, shows a great improvement compared to the previous inversion.
This improvement can be visualized also in the "OUTPUT Datasets” tab ("VIEW DATASETS - Plot 2D")

L!ﬂ InSAR dataset: C:\Tutorial\Bam\Maodeling\Env_bam_dsc_nonlinear.shp - O X

OBSERVED MODELED RESIDUALS

29.357°
29.357°
29.357°

29.075°
29.075°
29.075°

28.792°
28.792°
28.792°

58.149° 58.431° 58.714° 58.149° 58.431° 58.714° 58.149° 58.431° 58.714°

~alN [ -
-0.118 0.000 0.118 0.237 -0.118 0.000 0.118 0.237 -15-10-5 -1 0 1 5 1015
LoS Displ. (m) LoS Displ. (m) (m-107%)

Symbaol slze [CIResiduals with st dev. Apply

(Double click on graphic elements to change properties and appearence)

%

Save.. Close

After finding the best-fit solution, we investigate the parameter uncertainty and the existence of possible
trade-offs between them. In the "OUTPUT Sources” tab, click on "EDIT SOURCES - Calculate Statistics” and

11
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wait for the end. 50 inversion runs are performed by adding, each time, a random noise, spatially correlated
(the number of runs is in the “Options” tab). At the end you can see the results in the "OUTPUT Statistics”
tab, with the "VIEW SOURCES - Plot parameters...” or with "VIEW SOURCES - Plot 3D" graphic tool

.-;* . ™ [£7) NON-LINEAR INVERSION STATISTICS: source plot - [m] X
5
a
gt e 089
|
|
|
¢z |
R |
i |
o 1.3.86
£ |
8¢ & I‘
=]
=
40546 E \ |
£z 2 \ _:\_,,-——f\“{fgj‘
ol 320250 w32 -\‘ﬁ\@
—ie A
T UTMERS
b Aty
53 A
L2 Lo
gz st 2.0 2.5 3.0 3.5
Slip (m)
Shuwshpvecwrs Vecwrsca\s.D Apply
(Double click on graphic to change prop and appearence)
Save.. Close

Tip: in all the graphic viewers (2D, 3D, for dataset and sources), the content can be rearranged by resizing
the window, selecting and moving/zooming/rotating single elements, changing the element properties (double
click to access the property panel), then saved to TIFF, PDF or JPG format. Here an example of editing from

the starting view:

(€] NON-LINEAR INVERSION STATISTICS: source plot ~ — O X (&) NON-LINEAR INVERSION STATISTICS: source plot ~ — O X

S T

Slip (m)
3.0

UTM North tkm)

[] Show slip vectors Vectuvsca\e Apply

[“]Show slip vectors Vectcrscale.D Apply

(Double click on graphic elements to change properties and appearence)

(Double click on graphic elements to change properiies and appearence)

Save. Close

Save. Close
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Output files: Env_bam_dsc_linear.shp (shapefile of point with the modeled displacement),
Bam_fault_nonlinear.shp (polygon shapefile with the modeled source), Bam_fault_statistics.shp
(polygon shapefile with all the sources coming from the statistic calculation).

Linear inversion

MENU: SARSCAPE — INTERFEROMETRY - DISPLACEMENT MODELING - LINEAR INVERSION

The linear inversion is carried out to find the slip distribution over the fault plane constrained via Non-Linear
inversion. In this tutorial, a distributed positive slip with fixed rake is retrieved, but a complete set of
alternatives is available (variable rake in a given interval, completely free rake, etc...).

To enable the panel, an XML Project File must be set: use the “Open...” button to set the
ModelingProject.xml file. By setting the same XML Project File created with the Non-Linear inversion, the
software checks the existence of a completed Non-Linear inversion allowing to automatically setup input
datasets and sources (answer “Yes").

Linear Inversion Linear Inversion >
This XML project file contains the results of a Non-Linear inversion: Setup completed: verify the correctness of source parameters before
setup the Linear Inversion accordingly? running the linear inversion

The “INPUT Datasets” is populated with the same input InSAR dataset, £nv_bam_dsc.shp, of the Non-Linear
inversion, with the assessment of a constant shift as well. Modifications are required in the “"INPUT Sources”
tab: Bam_fault source is set with Non-Linear output parameter; however, this source represents an average
solution with uniform slip and it must be extended, in width and length, to completely contain the slip
distribution.

Then a number of subdivisions in strike and dip directions must be set. All these modifications can be done in
the “INPUT Sources” tab, clicking on “SOURCE EDIT — Edit parameters...”, as follows

13
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&%) Elastic dislocation (Okada)

Source Name|Bam_ﬁauIt |

Length (m) [11658.5
Width (m)  |5258.7
Dip (deg) |76.87
Strike (deg) [358.11
Rake (deg) |175.13
Slip{m) 25121
Opening (m)
Fault reference point
Depth (m) [12314
East(m) |B318773
Morth (m) 32132089

(4) Faulttrace center- Along dip top edge
Fixed source[ |
LINEAR INVERSION INPUT OPTIONS

Variable size patches[ |

Patches Along Strike
Patches Along Dip

Distributed and positive slip with fixed rake i
0

ANCILLARY PARAMETERS

3.00E+010
3.00E+010

'mu' Lame's constant (Pa)

'lambda’ Lame's constant (Pa)

Compensate fortopography |Yes -
Draw Source in ENVI display

Coordinate System: UTM-WGS84-40N

(7] Commit Cancel

&%) Elastic dislocation (Okada)

Source Name|Bam_ﬁauIt

Length (m) |15000.0
Width (m) [10000.0
Dip (deg) |76.87
Strike (deg) |358.11
Rake (deg) |175.13
Slip(m) 25121
Opening (m)
Fault reference point
Depth (m) |0.0
East(m) |6318773
Morth (m)  [3213208.9

(4) Faulttrace center- Along dip top edge
Fixed source[ |
LINEAR INVERSION INPUT OPTIONS

Variable size patches[ |

Distributed and positive slip with fixed rake i
0

Patches Along Strike
Patches Along Dip

ANCILLARY PARAMETERS

3.00E+010
3.00E+010

'mu' Lame's constant (Pa)

'lambda’ Lame's constant (Pa)

Compensate fortopography |Yes -
Draw Source in ENVI display
Coordinate System: UTM-WGS84-40N

(7] Commit Cancel

Tip: we apply the “Distributed and positive slip with fixed rake” constrain, but a wide range of alternatives are
available in in the pulldown menu (see the online help).

After setting the input source, click on “Start” to run the inversion. At the end, new tabs are created: "OUTPUT
Datasets”, "OUTPUT Sources” and “Report”, as for the Non-Linear inversion. Check the output source
("OUTPUT Sources”, any of the “"SOURCE VIEW" plotting tools) and the comparison between observed and
modeled ("OUTPUT Datasets”, "VIEW DATASET - Plot 2D").
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(&) LINEAR INVERSION OUTPUT: source plot - O X

Width 10.00 km

Length 15.00 km

EET 0
0.5 1.0 1.5
Slip (m)

[] Show slip vectors VEmlscaleD Apply

(Double click on graphic elements to change p

Save.. Close

The slip distribution, after the run, appears too smooth.

This effect is controlled by the "Damping Factor”, in the “Options” tab, set by default to 0.1. Reduce it to 0.02
and start again the inversion to get a more reliable solution.

[&7 LINEAR INVERSION OUTPUT: source plot - ] X

Width 10.00 km

0.0 0.5 1.0 1.5 2.0

. Showslip vectors  Vector scale: D Apply

(Double click on graphic el to change p

Inspect also the comparison between observed and modeled ("OUTPUT Datasets”, “VIEW DATASET - Plot
2D")
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:ﬂ InSAR dataset: C\Tutorial\Bam\Modeling'Env_bam_dsc_linear.shp — | X
OBSERVED MODELED RESIDUALS

r~ I?'- M~
w n Wl {esasesasssnsal ssesesas
m m m
= = o
™~ ™~ ~
in in i t
5 5 . g W :
@ o ¥ = sess
o .=z & o £ } o =

A\ (- H
a & 2 ittt ot
=4 o =4
~ ~ ~
=) @© )
o~ ~ o~

58.149° 58.431° 58.714° 58.149° 58.431° 58.714° 58.149° 58.431° 58.714°
I
-0.118 0.000 0.118 0.237 -0.118 0.000 0.118 0.237 -15-10 -5 -1 0 1 5 1015
LoS Displ. (m) LoS Displ. (m) (m-107%)
Symbol swze [residuals with st dev Apply
(Double click on graphic elements to change properties and appearance)
Save... Close

Tip: the damping factor is problem dependent; several automatic ways are proposed in literature to define it,
but it's an empirical parameter whose definition is mostly related to the user experience.

Output files: Env_bam_dsc_linear.shp (shapefile of points with the modeled displacement),
Bam_fault_linear.shp (polygon shapefiles with the modeled slip distribution).

Calculate the moment tensor and draw the “beach ball”

MENU: SARSCAPE — INTERFEROMETRY - DISPLACEMENT MODELING — MODELING TOOLS — CALCULATE AND DRAW FOCAL
MECHANISM

This panel is automatically invoked after any Non-Linear and Linear inversion containing a seismic source, with
the “INPUT Sources” tab automatically populated with the inversion results.

If invoked from scratch, we manually add the source in the "INPUT Sources” list. Goal of this task is calculating
the focal mechanism, moment tensor, geodetic moment and magnitude corresponding to the slip distribution
obtained via linear inversion. In order to get the Linear Inversion result, go to "ADD SOURCES — Import -
Import from XML project file...”; this will open an XML explorer, through which you can access all the XML

sections. In the pulldown menu, select the "LINEAR INVERSION OUTPUT" section, then select the Bam_fault
item and click the “Add” button.
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&%) Sarscape Geophysical Modeling - O *

Modelin ,
Focal MeChanism

INPUT Sources  Qptions

ADD SOURCES || EDIT SOURCES

New >
Import > From shapefile...
From XML project file...
From Global-CMT catalog...
From USGS waveform inversion finite fault...
i Start Cancel
[&%) XML Project File Explorer X
XML Project File: C:\Tutonal\Bam\Modelingi\ModelingProjectxml
Section; | LINEAR INVERSION QUTPUT e
Bam_fault
Add Cancel

After that, click on “Start” and check the result on the “Options” tab.
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'{ﬂ Sarscape Geophysical Modeling

Modeling
Focal MeChanism

INPUT Sources Options

[ ]Use only shear components from Input Sources

[ | Direct draw:

Tensor X ¥ z

E| | ‘1.329E+D‘l?| |-4.8?‘|E+D‘18| |-4.199E+D‘I7|
| | |-3.2‘ISE+D‘I?| | ‘1.124E+D‘18|
| || | [ 1.887E+017

Seismic Moment (N*m): 5.02E+018 Magnitude: 6.4

Reset Focal Mech. Save to PDF .

@ Start Cancel

Tip: a pdf file with the focal mechanism beach ball can be saved with the “Save to PDF..."” button.

CFF Stress Transfer

MENU: SARSCAPE — INTERFEROMETRY - DISPLACEMENT MODELING — CFF STRESS TRANSFER

This panel can be used to calculate the stress change induced from a list of input sources to a list of receiver

sources. To enable the panel, an XML Project File must be set: use the “Open...” button to set the
ModelingProject.xml.

In this case, for simplicity, we simulate the existence of a fault 4 km east of the Bam_fault modeled, just
duplicating and shifting it.

In the "INPUT Sources” panel, add the source with the slip distribution calculated via linear inversion: "ADD
SOURCES — Import — Import from XML project file...”, open the XML file and select "LINEAR INVERSION
OUTPUT"” from the pulldown menu; select Bam_faul/t and click “"ADD".

Use the same procedure for the “Receiver Sources”, but add the Bam_fault from the “LINEAR INVERSION
INPUT". Edit this source (double click or “"EDIT Sources — Edit parameters...”) to shift it eastward by changing
the East coordinate (change the name to Bam_fault_shifted, to avoid confusion).
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[#] Elastic dislocation (Okada)

Source NamelBam_fauIt_shiﬁed ||
Length (m) |15000.0
Width (m) [10000.0
Dip (deg) |76.87
Strike (deg) |35%8.11
Rake (deg) |175.13

Fault reference point

Depth (m) |0.0
East(m) [6358773 [
Morth (m) [3213208.9

|{4) Faulttrace center - Along dip top edge |

CFF RECEIVERS OPTIONS

Patches Along Strike
Patches Along Dip

CFF Type |Shealdilec1ion w

ANCILLARY PARAMETERS

'mu' Lame's constant(Pa)  [3.00E+010
'lambda' Lame's constant(Pa) |3.00E+010

| Draw Source in ENVI display |

Coordinate System: UTM-WGS84-40N

(7] | Commit ‘ | Cancel ‘

If you want, you can also specify a different number of patches along strike and dip, to get a finer CFF
distribution. Check the online help for an explanation of available options.

After clicking “Start”, the stress change over the receiver fault is calculated and placed in a new folder *OUTPUT
Sources”. Use the graphic tools in the “"VIEW SOURCES” to check the result.

(&} CFF OUTPUT: source plot — [} e

Width 10.00 km

Length 15.00 km

-2.0 -1.5 -1.0 -0.5 0.0
CFF (MPa)
[“]Showsslip vectors ~ Vector scale:
(Double click on graphic elements to change properties and appearence)
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Output files: Bam_fault_shifted_cff.shp (polygon shapefile with the stress change distribution)

Forward Modeling

MENU: SARSCAPE — INTERFEROMETRY - DISPLACEMENT MODELING — FORWARD MODELING

This panel is used to calculate the predicted surface displacement due to one or more sources. The output
can be raster or vector (point) type. In this tutorial, we use the source defined after the Linear Inversion to
predict the surface displacement, in raster file format.

To enable the panel, an XML Project File must be set: use the “Open...” button to set the
ModelingProject.xml.

As first step, set the Bam _faultin the “INPUT Sources”, with the usual procedure: "ADD SOURCES — Import -
Import from XML project file...”, open the XML file and select "LINEAR INVERSION OUTPUT” from the pulldown
menu, select Bam_fault and click “"ADD".

To define the output, set “Raster” in the “Forward model output” pulldown menu in the “Options” tab. Click
on "Set Raster Info...” button to set extent and resolution (the reference system is already set from the input
source). About the raster extent, instead of writing the Left/Right/Top/Bottom coordinates, the “Get from
map” button opens a graphic viewer to define them. Click and use the mouse to draw the output rectangle,
as follow:

(@] FORWARD MODELING: source plot x

29.439°

29.122¢°

28.806°

585HHB859°

E . . . . e
00 05 10 15 2.0
Slip (m)

|(Double click on graphic elements to change properties and appearence]|

Close
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The rectangle coordinates are immediately transferred to the Left/Right/Top/Bottom text box. Click close on
the graphic window and set the cell size to 50 m.

Set also the Bam_SRTM_dem file as DEM and the output filename Bam_displ.

"

Note: the DEM is required when a source, in the "INPUT Sources” list, has the “"Compensate for topography
option set.

After running the calculation with the “Start” button, no additional tabs are created in the panel, but the output
is produces with three raster files in ENVI format: Bam_displ_east, Bam_displ_North and
Bam_displ_up, containing the three displacement components. Use ENVI (or other GIS softwares) to
visualize them:

(&) envi - =] X
File Edit Display Placemarks Views Help
EE2¢ ¢ d & G L L2 L EN0%( v| 'ﬁi«!O v] W e & M Vectors » 4% Annotations v [Go To vl
@—1+— 0= 20 | & |[E Q& |Linear2% viegz#lot+——oh|2o——=~e) |2k
Layer Manager el N
[~ ™ /"\
=HF View A\
[ overview J/\
2 [[J& Bam_displ_up
= M= Bam_displ_north
@ Band1
#-[]E Bam_displ_east
[ zont f am . t O
e ™ Importv | Exportv ¢ Options v 57
Horizontal Protile
o / ‘ ' ‘ 3
0.1¢F E
$
= 0.0 E 3
>
® 01} \ i
©
(=]
-0.2 \/
03 F =
0 50 100 150 200 250
Column
(7] X:/Column v Yy: DataValue v # &
| | | I X[

Output files: Bam_displ_east, Bam_displ_North and Bam_displ_up (raster file in ENVI format with the
three components of the modelled displacement).

Project raster to LOS

MENU: SARSCAPE — INTERFEROMETRY - DISPLACEMENT MODELING — PROJECT RASTER TO LOS

This panel combine the East, North and Up components of the displacement to le satellite Line-of-Sight (LOS).
The projection needs the sensor azimuth and looking angles, that are contained in the _ALOS and _ILOS files
produced as output of interferometric process.

Set the input files as follows:
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&) Project raster to LOS

Modeling
Project raster to LOS

Eastcomponent | S\ TutoriahBamiModelingiBam_displ_east Selectfile.
North component |G Tutorial\Bam\Modeling\Bam_displ_north Selectfile.

Up component |C\Tutorial\BamiModeling\Bam_displ_up Selectfile.
Azimuth LOS image |C\TutorialiBamiRaster\Bam_envisat_dsc_ALOS Selectfile.
Incidence LOS image |C:\Tutorial\Bam\Raster\Bam_envisat_dsc_ILOS Selectfile.

Raster extent (m) Same as East/North/Up components

Raster resolution (m) Same as East/MNorth/Up components
ADVANCED OPTIONS
Orbital surface: zero offset

Edit.. iet from XML.

[ ] Outputwrapped finges

X-band (0.031 m)

Outputlmage‘ Selectfile...

(7] Start Cancel

Since the East/North/Up displacement maps can have different extent and resolution of the _ALOS/ _ILOSfiles,
two pulldown menus allow to set the output extent and resolution.

Note: _ALOSand _ILOSfiles are available only if an INSAR processing was done for the area. If not available,
in alternative two numbers can be supplied: see the online help for reliable values for ascending and
descending orbits.

This panel also allows to add an orbital surface. This can be useful to better simulate the observed signal. In
this tutorial a constant offset was assessed in the Non-Linear and Linear inversions. To retrieve the equation
of the orbital surface (a simple offset, in this, case), use the XML Project File Explorer (with the “Get from
XML...” button) and navigate to the “"LINEAR INVERSION OUTPUT” section in the pulldown menu to retrieve
the assessed orbital contribution:
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[&%) XML Project File Explorer *
XML Project File: C:\Tutonal\Bam\Modelingi\ModelingProjectxml
Section: | LINEAR INVERSION OUTPUT e

Orbital contribution: constant offset - C\Tutorial\Bam\Modeling\Env_bam_dsc_linear.shp

Add Cancel

After adding the orbital contribution, set the flag “Output wrapped fringes” to get also the wrapped version of
the displacement, select “C-band” for the fringe ambiguity (as the Envisat original data) and set the output
name, as follows:

&) Project raster to LOS - O X

Modeling
Project raster to LOS

Eastcomponent | S\ TutoriahBamiModelingiBam_displ_east Selectfile.
North component |G Tutorial\Bam\Modeling\Bam_displ_north Selectfile.

Up component |C\Tutorial\BamiModeling\Bam_displ_up Selectfile.
Azimuth LOS image |C\TutorialiBamiRaster\Bam_envisat_dsc_ALOS Selectfile.
Incidence LOS image |C:\Tutorial\Bam\Raster\Bam_envisat_dsc_ILOS Selectfile.

Raster extent (m) Same as East/North/Up components

Raster resolution (m) Same as East/MNorth/Up components
ADVANCED OPTIONS
Orbital surface: constant offset

Edit.. iet from XML.

[v] Outputwrapped fringes

C-band (0.056 m)

Outputimage CA\ TutoriahBamiModeling\bam_displ_los| Selactfile.

(7] Start Cancel

Run the calculation with the “Start” button and wait for the end message. After that, two new raster files in
ENVI format are created: bam_displ_los and bam_displ_los_wrapped. Use ENVI (or other GIS softwares)
to visualize them:
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(&) ENVI = O X

Eile Edit Display Placemarks Views Help

E0RO TRIE$ G L £2REMW%) v]a®le v|wwieZgom

= +— Q| = b 20 | < |[E Q@ |Linear2% vie sl o-
Layer Manager |

—= Y

A ™ A\

=2 View M
[T overview

&
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| | | I X[

Output files: bam_displ_los (raster file in ENVI format with the displacement projected into the line-of-
sight) and bam_displ_los_wrapped (raster file in ENVI format with the interferometric fringes).
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