
Software Toolbox Development for Rapid Earthquake Source Optimisation
Combining InSAR Data and Seismic Waveforms

Marius P. Isken1, Henriette Sudhaus1, Sebastian Heimann2, Andreas Steinberg1, Hannes M. Vasyura-Bathke3

1Christian-Albrechts-Universität zu Kiel 2GeoForschungsZentrum Potsdam 3King Abdullah University of Science and Technology, Saudi Arabia

1. Introduction

We present a modular open-source software framework - kite

(http://pyrocko.org ; Isken et al., 2017) - for rapid post-
processing of space-born InSAR-derived surface displace-
ment maps. The software enables swift parametrisation and sub-
sampling of the displacement measurements. Through this ap-
proach we aim to ease and streamline the joint optimisation of
earthquake parameters from InSAR and GPS data together with
seismological waveforms. This will improve the determination of
rupture parameters and processes. Using the pyrocko framework
we want to provide finite models of earthquake ruptures from near-
and far-field observations and contribute to a timely and better
understanding of earthquake kinematics.
Further we introduce an interactive deformation modelling
sandbox for handling and manipulating various kinds of tectonic
and volcanic deformation source types, interacting in elastic full-
and layered half-space.

The current development of software packages comprehends:

I Post-processing InSAR surface displacements and
model input parametrization.

I Green’s functions databases for static surface
deformation, implemented in the pyrocko.gf software
framework.

I Earthquake source inversion from heterogenous datasets.

I Sandbox earthquake modelling handling various types of
deformation sources.

2. Post-processing InSAR Surface Displacements

kite is based on a modular concept, this allows to extend to
the software with great ease and also enables flexible utilisation
of the provided tools. Data from different SAR processors can be
imported: GAMMA, ROI PAC, ISCE and GMT5SAR.
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Figure 1: kite’s container model for handling unwrapped InSAR surface dis-
placement data. Quadtree subsampling and spectral noise estimation
may be parametrised flexibly on-the-fly without jeopardizing data integrity.

The kite framework enables interactive inspection of the displace-
ment data and swift and transparent manipulation of derived fea-
tures, such as subsampled surface tiles and covariance/weight ma-
trices.

Figure 2: We can manipulate the kite data container through an interactive GUI
(kite.spool) or a Python programming interface. The quadtree subsampling
algorithm is controlled interactively and saved without manipulating the actual
displacement data. Shown is surface displacement from the 2011 Myanmar
earthquake (MW 6.8) imaged by ALOS-1 PALSAR sensor (Sudhaus and Gomba,
2016).

Figure 3: Atmospheric noise quantification from a selected sub-region of the
unwrapped surface displacement data: The displacement’s spectrum is calcu-
lated to estimate the noise character and calculate covariance relations for the
sub-sampled data. These relations propagate the quadtree’s covariance matrix
which can be accessed from the API and used for further weighting of deforma-
tion source forward models.

2. Post-processing InSAR Surface Displacements –
Continued

The data structure is exposed through a well-documented appli-
cation programming interface (API) as well as a graphical user
interface. This gives the opportunity to utilise the kite framework
to interact easily with surface displacement data and integrate the
derived observations and attributes into modelling applications.

from k i t e i m p o r t Scene

s c e n e = Scene . l o a d ( ’ d i s p l a c e m e n t c o n t a i n e r ’ )

s c e n e . q u a d t r e e . e p s i l o n = . 0 1 2 # Var i ance t h r e s h o l d

s c e n e . q u a d t r e e . t i l e s i z e m i n = 10000 # in [m]

# Acces the c o v a r i a n c e mat r i x

s c e n e . q u a d t r e e . c o v a r i a n c e . c o v a r i a n c e m a t r i x

# Access the quad t r e e l e a f s and a t t r i b u t e s

p r i n t ’ Number o f l e a f s : %d ’ % s c e n e . q u a d t r e e . n l e a v e s

f o r l e a f i n s c e n e . q u a d t r e e . l e a v e s :

p r i n t ’ ’ ’ { l e a f . i d }
Lea f l o c a t i o n : { l e a f . e a s t i n g } { l e a f . n o r t h i n g }
Lea f median d i s p l a c emen t : { l e a f . median}
Lea f we ight : { l e a f . we ight}
’ ’ ’ . fo rmat ( l e a f=l e a f )

Listing 1: Example of scripted interaction with a kite displacement data
container - the updated parametrisation is available instantanously.

3. Earthquake Source Inversion

The joint inversion of an earthquake source model from geodetic
and seismic observations is a highly non-linear problem. With the
software package grond we develop a modular inversion framework
which is capable of handling heterogeneous datasets and inversion
of point and finite source earthquake models (Heimann et al.,
2017).

The joint forward modelling part of seismic waveforms and static
displacement is solved through the pyrocko.gf module, which
uses pre-computed Green’s function databases to simultaneously
model waveforms and static displacement of earthquake
sources in layered media (see poster: Pyrocko - A Versatile
Software Framework for Seismology). Data handling of seismic
traces is provided through pyrocko and displacement scenes are
delivered through kite. These are the essential building blocks
which are fueling the exchangeable solvers and inversion engine of
the grond software package.
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Figure 4: Conceptual architec-
ture of the grond earthquake
source optimisation framework.
The modular design allows to
flexibly plug-in different source
models (Problems), observed
data (such as waveforms, In-
SAR or GNSS displacements) as
well as the optimisation strategy
(Solver).

Below we present optimisation results for a rectangular fault plane
in layered media inferred from observed InSAR-derived surface dis-
placement data. The modularity of the frameworks (pyrocko and
kite) enables quick ignition and customisation of the optimisation
workflow once the space-born surface displacements are received.

Observed LOS Displacement Predicted LOS Displacement

Figure 5: Observed LOS displacement (ascending track; ALOS-1 PALSAR) and
model results from the 2011 Myanmar earthquake (MW 6.8): A shallow strike-
slip rupture extending ∼ 20 km in length and ∼ 6 km in depth, with a maximum
slip of 2.7 m. Our data-driven numerical optimisation shows good alignment with
the observed surface displacements.

Figure 6: Sequence
plots of the converging
optimisation process.
The figure shows basic
parameters of the finite
fault model, running
towards an optimal
solution.

Our results differ from other SAR studies investigating the same
rupture, as compared by Feng et al. (2013). This is likely influenced
by the simplified extended, rectangular source. However we can
proof the interplay of the developed frameworks.

4. Sandbox Earthquake Modelling

Fault ruptures and volcanic plumbing systems are complex and
highly interactive processes which take place in heterogeneous com-
position of the Earth’s crust. To intuitively study the complexities
we developed the graphical tool talpa to interact and link observed
surface displacements with a selection of synthetic, kinematic de-
formation sources. This may guide as a first measure and constrain
future finite numerical optimisation. talpa, the mole, provides in-
terfaces to different medium and source model types:

I Point and finite pyrocko.gf sources; layered
half-space

I Rectangular dislocation source (Okada); homogeneous
elastic half-space (Okada, 1985)

I Triaxial ellipsoidal source, compound dislocation model;
homogeneous elastic half-space (Nikkhoo et al., 2017)

Figure 7: Sandbox modelling: Faults and volcanic deformation sources can be
manipulated interactively within a modelling sandbox; The tool embraces dif-
ferent modelling backends. Manual sculpting of displacement fields is a first
measure and approach towards finite numerical optimisation. The interaction
can help and to better understand interacting geological processes.

from k i t e i m p o r t SandboxScene

from k i t e . s o u r c e s i m p o r t OkadaSource , P y r o c k o R e c t a n g u l a r S o u r c e

sandbox = SandboxScene ( )

o k a d a s o u r c e = OkadaSource (

n o r t h i n g =4000. , e a s t i n g =10000. , depth =2000. ,

l e n g t h =5000. , w idth =3500 ,

s t r i k e =45. , d i p =20. , r a k e =90. ,

s l i p =2. , o p e n i n g =0. ,

nu =0.25)

p y r o c k o s o u r c e = P y r o c k o R e c t a n g u l a r S o u r c e (

n o r t h i n g =8000. , e a s t i n g =15000. , depth =2000. ,

l e n g t h =5000. , w idth =3500 ,

s t r i k e =35. , d i p =20. , r a k e =90. , s l i p =2. ,

s t o r e d i r= ’ /tmp/ g r e e n s f u n t i o n s D B / ’ )

sandbox . addSource ( o k a d a s o u r c e )

sandbox . addSource ( p y r o c k o s o u r c e )

sandbox . p r o c e s s ( )

Listing 2: kite.SandboxScene API, placing an Okada and
a pyrocko.gf.RectangularSource into the sandbox. Sources of different
types can be combined and added to the sandbox model.
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