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source location X (X)
moment X X
directivity - (X)
centroid time - X
rupture duration - X
rupture mechanism X X
fault slip X (-)
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Medium & source models harmonized using pyrocko
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source location X (X)
moment X X
directivity - (X)
centroid time - X
rupture duration - X
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elastic half space layered 1d- velocity model

vacuum

surface

solid earth

point-source moment tensorrectangular dislocation model
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Medium & source models harmonized using pyrocko
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rectangular rupture model
layered 1d velocity model

Green’s function methods used:

� Qseis/QSSP for waveforms

� PSGRN for static displacements

by Wang et al.,

http://www.gfz-potsdam.de/en/section/

physics-of-earthquakes-and-volcanoes/

data-products-services/downloads-software/
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The Toolbox (see pyrocko.org, available on github)

"engine"

synthetic data / misfits

synthetic data

• finite sources
• optionally slip-defined
• for slow/aseismic
   faulting

source model ( medium model, paths )*

• global non-linear 
   source  optimization

grond (beta version)

• layered earthmodels
• GF waveforms
• tabulated traveltimes

source models Green's Function 
Stores

target configurations 
     (stations & data)             

=

• dynamic and static
   targets
• surface observation or at
   depth

pyrocko software doi: 10.5880/GFZ.2.1.2017.001
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Example joint optimization: 2009 L’Aquila eq.
global & fully non-linear, InSAR data fit
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Example joint optimization: 2009 L’Aquila eq.
global & fully non-linear, example waveform fits

10:54 min ∆ 01:58 min

IU.DWPF.00.Z
8338 km
-66°
0.00403

10:37 min ∆ 01:58 min

IU.COLA.00.Z
8006 km
-8°
0.00386

10:17 min ∆ 01:58 min

II.FFC.00.Z
7639 km
-34°
0.00393

11:19 min ∆ 01:58 min

II.KDAK.10.R
8832 km
-8°
0.011

11:19 min ∆ 01:58 min

II.KDAK.00.Z
8832 km

0.00434

10:19 min ∆ 01:54 min

II.CMLA.00.T
3337 km
-86°
0.000739

05:22 min ∆ 01:58 min

II.CMLA.00.Z
3337 km
-86°
0.00202

06:19 min ∆ 01:58 min

IU.KBS.00.R
4075 km
-0°
0.00484

13:20 min ∆ 01:56 min

IU.SFJD.00.T
4653 km
-32°
0.000852

07:03 min ∆ 01:58 min

IU.SFJD.00.R
4653 km
-32°
0.00521

10:13 min ∆ 01:58 min

IC.HIA.00.R
7577 km
43°
0.00812

11:24 min ∆ 01:58 min

IU.PET.00.Z
8924 km
20°
0.00435

10:09 min ∆ 01:58 min

CU.ANWB.R
7509 km
-86°
0.00806

13:20 min ∆ 01:56 min

IU.SFJD.00.Z
4653 km
-32°
0.00135

10:38 min ∆ 01:58 min

IC.BJT.00.Z
8028 km
52°
0.00401

time start ∆ window length

Station / Channel
distance
azimuth
misfit value

synthetics

observed

misfit

in total full-waveform fits of 48 P phases and 15 S phases
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Example joint optimization: 2009 L’Aquila eq.
global & fully non-linear, source parameter convergence

relative Northing [km] relative Easting [km]

Strike [deg]

Slip [m]Length [km]

Dip [deg]

Width [km]

Depth [km]

Nucleation Y [m] Relative time [s]

Nucleation X [m]

Rake [deg]

70.000070.000070.000070.0000

12 source parameters optimized with

560 InSAR samples, 126 seismic phases

70.000 forward models with 4 cores in 3.8 h (0.2 s per model)
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� pyrocko facilitates waveform data download, processing, GF calculation

ý snuffler interactive waveform browser (+ forward modelling)
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� pyrocko facilitates waveform data download, processing, GF calculation

ý snuffler interactive waveform browser (+ forward modelling)

ý module kite post-processes InSAR displacement to become static targets

ý talpa is an interactive sandbox for displacement forward modelling

� module grond is an optimizer for pyrocko
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Use snuffler to playfully model the far field
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Use kite to post-process your InSAR data
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Use kite’s talpa to playfully model the near-field

H. Sudhaus et al. ý pyrocko.org MDIS workshop, Besse, October 20 2017 11 / 13



BridGeS

Near- & Far-field Model Harmony The Toolbox Joint Optimization Demo Summary

Summary
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 sinkholes

earthquakes
nuclear tests

fast

volcanic unrest

Open global data
space-borne InSAR teleseismic sensors

L: fault length
λ: wavelength

processes

H. Sudhaus et al. ý pyrocko.org MDIS workshop, Besse, October 20 2017 12 / 13



BridGeS

Near- & Far-field Model Harmony The Toolbox Joint Optimization Demo Summary

Check us out at
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