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The seismic monitoring and alert group at the Swiss Seismological Service (SED; 
http://www.seismo.ethz.ch) is tasked with monitoring the seismicity of Switzerland and its adjacent 
areas, rapid notification of the authorities and the public to significant felt seismicity, and providing 
reliable data and metadata for seismological and engineering research. The SED maintains one of the 
most modern and dense networks in the world, consisting of high-quality stations with real-time 
communication to distributed processing hubs at ETH Zurich, where data is analysed and events are 
detected within seconds of their occurrence. The Swiss national seismic network comprises high-
quality velocity (broadband / short period) and acceleration stations (Cauzzi and Clinton, 2013; Diehl 
et al., 2013). Over 100 stations in Switzerland have continuous, real-time communication to SED. As 
accurate earthquake locations require multiple observations without large azimuthal gaps, and 
damaging ground shaking can be generated by events occurring outside the Swiss borders, the SED 
also monitors all available real-time stations close to Swiss territory currently operating in 
neighbouring countries (Fig. 1). Waveform data quality is seamlessly monitored through PQLX 
(McNamara and Buland, 2004; http://www.seismo.ethz.ch/research/groups/alrt/products/pqlx/index). 

Since late 2012, after ~ 3 years of development and careful testing, the SED adopted 
SeisComP3 (http://www.seiscomp3.org) - widely used in the seismological community in Europe and 
worldwide - as the earthquake monitoring software system. SeisComP3 is a comprehensive software 
framework, which includes waveform acquisition (SeedLink), automated earthquake detection, source 
location and characterisation, manual event relocation, event alerting and waveform archiving and 
dissemination (ArcLink, see e.g. http://arclink.ethz.ch). SeisComP3 is based on a coherent software 
base and a QuakeML-compliant database structure. SeisComP3 is a development of GFZ 
(http://www.gfz-potsdam.de) and gempa GmbH (http://www.gempa.de/) and was originally conceived 
to rapidly detect and quantify large potentially tsunamigenic events in Indonesia (Hanka et al., 2010). 

In Switzerland, the ShakeMap codes (Wald et al., 1999; Wald et al., 2005) distributed by the 
United States Geological Survey (USGS) are used since 2007 by the SED to provide national-scale 
maps of the spatial variability of ground-motions and EMS-98 macroseismic intensity within ~ 5 
minutes any local earthquake with local magnitude ML ≥ 2.5 located in the greater Swiss region. The 
most recent customisation of ShakeMap to Swiss conditions (Cauzzi et al., 2013; Cauzzi et al., 2014) 
is fed by ground-motions and response spectra as computed by scwfparam, the event-based peak-
                                                             
1 Swiss Seismological Service (SED) at ETH Zurich (Switzerland), john.clinton@sed.ethz.ch 
2 Swiss Seismological Service (SED) at ETH Zurich (Switzerland), yannik.behr@sed.ethz.ch 
3 Swiss Seismological Service (SED) at ETH Zurich (Switzerland), carlo.cauzzi@sed.ethz.ch 
4 Swiss Seismological Service (SED) at ETH Zurich (Switzerland), tobias.diehl@sed.ethz.ch 
5 Swiss Seismological Service (SED) at ETH Zurich (Switzerland), kaestli@sed.ethz.ch 
6 Swiss Seismological Service (SED) at ETH Zurich (Switzerland), heimers@sed.ethz.ch 
7 Swiss Seismological Service (SED) at ETH Zurich (Switzerland), raciner@sed.ethz.ch 



2 
 

motion processing module of SeisComP3 specifically developed by SED and gempa. A website is 
devoted to hosting the USGS-style ShakeMaps and related metadata 
(http://sedshakemap.ethz.ch/index.html), while the spatial grid of peak-motion values and intensity 
data produced by ShakeMap is automatically parsed by an ad-hoc developed Java code and 
subsequently used within the framework of the SED web mapping application programming interface. 

 

 

Figure 1. Map or real-time seismic stations continuously streaming data to the SED. Colors identify different 
seismic networks operating in the greater Swiss region (CH = Swiss seismic network, S = Swiss Seismo@School 

stations, IV = INGV network – Italy, MN = MedNet network, SI = South Tyrol – Italy, OE = Austrian seismic 
network, GR = German regional seismic network, GU = regional seismic network of northwestern Italy, NI = 

northeastern Italy seismic network, LE = German national seismic network, FR / RA = French national seismic 
networks), while symbols refer to the different sensors operated at the recording sites. The SED presently 

acquires data in real-time from 80 broadband velocity sensors, 28 short-period velocity sensors and 82 
broadband acceleration sensors, all acquired by state-of-the-art 24-bit digitisers.  

 
The SED seismic monitoring network group is also actively involved in Earthquake Early 

Warning (EEW) methods developments in Europe and worldwide. The EEW algorithm used by the 
SED is the Virtual Seismologist (VS), a Bayesian approach to EEW that can estimate earthquake 
magnitude, location, and the distribution of peak ground shaking using observed picks and ground 
motion amplitudes, predefined prior information, and envelope attenuation relationships (Cua et al., 
2009). Between 2012 and 2013, the original VS codes were rewritten and optimised by porting the 
magnitude estimation component of VS to SeisComP3. The public release of the software VS(SC3) 
was made in July 2013 (http://www.seiscomp3.org/doc/seattle/2013.200/apps/vs.html). This work was 
partially funded by EC projects REAKT (FP7, 2011-2014, contract no. 282862, 
http://www.reaktproject.eu/) and NERA (FP7, 2010-2014, contract no. 262330, http://www.nera-
eu.org/). Based on VS in SeisComP3, for events occurring in the areas of the country where the 
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seismic network is denser, the SED can typically broadcast EEW to potential end-users within 10-15 s 
of the origin time.  

Another automatic product available within minutes of an automatic earthquake location is a 
moment tensor (MT) solution (Clinton et al., 2006) based on broadband time-domain waveform 
inversion (Dreger, 2003), which provides the moment magnitude of the earthquake. High-quality 
solutions are typically available for events with ML> 3.5. A second estimate of the moment magnitude, 
based on the spectral fitting of large numbers of records is also routinely estimated for all events 
(Edwards et al., 2010) This method produces good quality solutions for all magnitudes recorded by the 
seismic network and makes routine use of strong-motion data. The broadband MT module is currently 
been migrated to the SeisComP3 framework, and the same strategy is envisaged for the spectral MW 
method. 

Selectively presented in this contribution are key real-time and near-real-time products of the 
SED as described above, including a description of the operational workflow. Emphasis is placed on 
both the scientific and technical description of the products, as well as on the design strategies adopted 
at the SED to minimise the latency of public dissemination of earthquake related information. 
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