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ITSA 
(ISTerre Time Series Analysis)

A trajectory model for GNSS time series, designed for regional networks analysis.

L. Marill, G. Janex, A. Tsapong, B. Lovery, Z. El Yousfi
A. Socquet, M Radiguet

https://gricad-gitlab.univ-grenoble-alpes.fr/isterre-cycle/itsa



Objective
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- GNSS time series contains a lot of mixed signals:

 - tectonic signals: interseismic motion, co-seismic, post-seismic, slow slip
 - seasonnal signals (local and/or regional hydrological loadings, other effects)
 - equipments maintenance (change in GNSS antenna, …)
 - common modes
 - noise
 - unkown signals 
 

- ITSA is a parametric modeling tool for GNSS time series, designed for regional networks analysis.

- It provide a first order model of ‘’known’’ signals in the GNSS time series

- It allows to extract the amplitude of ‘’known’’ signals and/or to analyse the residuals time series to discover 
unkown signals 



Other trajectory models (non exhaustive…)
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• GrAtSiD (Greedy Automatic Signal Decomposition): 
Bedford, J. & Bevis, M. Greedy automatic signal decomposition and its application to daily GPS time series. J. 
Geophys. Res. Solid Earth 123, 6992–7003 (2018).

• Standard linear trajectory model (SLTM) – dev. at OSU (Ohio State University):
Bevis, M., & Brown, A. (2014). Trajectory models and reference frames for crustal motion geodesy. Journal of 
Geodesy, 88(3), 283–311. https://doi.org/10.1007/s00190-013-0685-5



How does ITSA work ?
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o Input station metadata:

 - Antenna changes

- GNSS time series

o Catalog of ‘’known events’’:

 - Earthquake catalog

 - Slow slip event catalog

 - Swarm catalog

Input metadata

Input data Model parameters

o Parametric terms to considers

o Radius of influence for earthquakes / SSEs

o Characteristic time for post-seismic relaxations

Outputs

o Model parameters

 - Amplitude of inverted parameters

o Time series (resodual, user-defined correction)

o Figures (time series, maps…)
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ITSA trajectory model

o Each GNSS time series is fitted with the following equation:

o Earthquake radius of influence:

 

Antenna 

Where SSE &  Swarms model: 

Inverted parameterso Trajectory model parameters are inverted independantly for each station and 
components using a three step strategy.
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ITSA multi-step optimisation strategy
Step 1: Local optimization of the jumps (co-seismic, antenna changes) on short time windows 
     (default = +/- 200 days):

Inverted 

Inverted and saved 
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ITSA multi-step optimisation strategy
Step 2 :  Optimization of the post-seismic transients 
     (default = +/- 2 years):

Inverted 

Inverted and saved 
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ITSA multi-step optimisation strategy
Step 3 :  Optimization of seasonnal and interseismic trend on the complete time series  
       (corrected from steps 1 and 2)

Inverted and saved 
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1- Browse the EMSC / seismic portal 
and try to find earthqakes that you may be interested in to study the central Italy sequence
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2- Browse the EPOS GNSS product portal 
and try to find stations/data that you may be interested in to study the central Italy sequence
à you can download time series and offset file
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3- Browse the M3G portal 
and try to find GNSS stations metadata data that you may be interested in
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4- Do this automaticaly
run the time series analysis and plot some results, run the Jupyter notebook under docker
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5- Display earthquakes and seismic stations
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6- Display offset products (previously downloaded from EPOS portal)

L’Acquila Amatrice

Norcia Campotosto

More and more data:
Field engineers and researchers are working!!!
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Do you want to do a more detailed analysis…? 
7- Model the time series with ITSA and visualize the results
using previously downloaded time series / metadata / earthquake info
(browse the RESULTS directory & plot the map)

Campotosto
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Do you really want to do a more detailed analysis…? 
8- Be skeptical (Compare different results)

Interseismic

VRCA is an outlier
Not an EPOS station, so metadata are not checked… 
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