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System Architecture

What we refer to collectively as the VS codes are the 3 sub-systems (or collections of modules) shown in Figure 
1. The Waveform Collector sub-system performs basic waveform processing such as picking, gain correction, 
baseline removal, filtering, down-sampling, envelope calculation.The Messenger sub-system sends information 
from the Waveform Collector sub-system to the EEWVS (which stands for Earthquake Early Warning Virtual Seis-
mologist) sub-system.The EEWVS sub-system implements the VS likelihood function and additional algorithms 
that help distinguish between noise and earthquake-related signals. This sub-system 1) filters and weights incom-
ing picks, 2) estimates location based on acceptable picks, 3) estimates magnitude given the location estimate and 
available envelope amplitudes, 4) evaluates the reliability of the magnitude and location estimate, and 5) gener-
ates an XML report file that logs the estimated magnitude, location, and predicted peak ground shaking for a given 
event. All event summary files are stored locally for subsequent performance analysis. 
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Introduction

The Virtual Seismologist (VS) method is a Bayesian approach to regional network-based earth-
quake early warning (EEW). The VS method estimates earthquake magnitude, location, origin time, 
and the distribution of peak ground motion using observed phase arrival times, ground motion am-
plitudes, predefined prior information (possibilities include network topology or station health status, 
regional hazard maps, earthquake forecasts, the Gutenberg-Richter magnitude-frequency relation-
ship), and envelope attenuation relationships. Estimates are continually updated each second.

Implementation of the VS algorithm is an on-going effort of the Swiss Seismological Service (SED) 
at ETH Zurich. The development of codes involving real-time data processing - those involving the 
likelihood function of the Bayesian framework - were prioritized; code development to implement the 
contribution of the Bayes prior is to follow. The codes developed were tested in offline mode using 
ground motion recordings from Switzerland collected by the Swiss Digital Seismic Network, and are 
currently being tested in real-time in California. The VS algorithm is one of three early warning algo-
rithms - the other two being the ElarmS (Allen and Kanamori, 2003) and On-Site (Wu and Kanamori, 
2005; Boese et al, 2008) algorithms - being implemented and tested in real-time as part of the Cali-
fornia Integrated Seismic Network (CISN) early warning project.  

Figure 6: There were 167 M>=3.0 events in Southern California (31.5 to 37.5 latitude, -121.5 to -114 longitude) 
listed in the SCSN catalogue in the period 13 July 2008 - 9 April 2009. The VS algorithm correctly detected and 
identified 107 of these events in real-time. There were 60 missed events. The most common reasons for missing 
events are (1) the event is listed in the SCSN catalogue, but outside the SCSN area of responsibility and hence sta-
tion coverage is sparse  (2) the event occurred while the codes were offline (such as the 29 July 2008 M5.4 Chino 
Hills event), and (3) the event was on the outskirts of the network (such as events south of the California-Mexco 
border). 
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Figure 1: VS code system architecture. Rectangles represent processing modules, and cylinders, 
shared memory areas.
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Figure 8: All initial VS magnitude estimates and 93% of  
final VS magnitude estimates meet the SCEC magnitude error 
criteria of +/- 1 magnitude unit
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Figure 7: (a) The VS codes were offline (due to a scheduled upgrade) for the M5.4 Chino Hills event. Shown are 
results for an offline run on the Chino Hills waveform dataset downloaded from the SCEC Data Center. The VS es-
timate times have been adjusted to include the estimated effects of telemetry delay and processing time. Steps 
have since been taken to ensure that there is a running instance of the VS codes during  code upgrades. (b) Real-
time evolution of VS magnitude and epicentral location estimates during an M5.1 event (34 km east of Barstow) 
on 12/5/2008. 

Outlook and Conclusions

Real-time implementation of the VS early warning algo-
rithm is an on-going effort of the Swiss Seismological Ser-
vice (ETH Zurich). The VS is a Bayesian approach to 
EEW. The current version of the code implements the 
Bayes likelihood function, which takes into account the 
observed arrival and amplitude information from an on-
going earthquake. Implementing the influence of prior in-
formation (such as station geometry, previously observed 
seismicity, and the Gutenberg-Richter relationship) on the 
EEW estimates will follow in the coming months. 

Application of VS method in Switzerland
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Figure 2: Approximate initial VS estimate time assuming minimum of P-wave data at 4 stations, 3 
seconds telemetry delay, and 1 second processing time. VS estimates include magnitude, epicentral 
location, origin time estimates, as well as PGA and PGV estimates within 200 km of the epicenter. 
Blue triangles are continuos real-time SDSNet stations.
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Figure 3: (a) Histogram of initial VS epicentral location error. Most location estimates are within 10 
km of the network epicenter. VS estimates include magnitude, epicentral location, origin time esti-
mates, as well as PGA and PGV estimates within 200 km of the epicenter. These estimates are up-
dated each second.

mode=0.5 km
median=9.8 km

events with large location errors are typically 
outside the network

VS algorithm tends to underestimate
magnitudes of large events at large
distances from the network (ie Greece,
southern Italy)
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Figure 4: (a) Comparison of VS and network magnitudes for events within Switzerland. (b) Histo-
gram of initial estimate times for events within Switzerland.

mode = 12 sec
mean = 16 sec
std     =   5 sec

(5a) (5b)

Figure 5: (a) ShakeMap of recent event near Basel, 
Switzerland. (b) Evolution of VS magnitude and loca-
tion estimates for this event.
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Real Time Performance
Statistics for M > 3

correct rate  ~ 85% (107 / 126)
false alarm   ~15%  (19 / 126)
missed alarm* ~ 8.5% 

* missed alarm rate based on regions with 
adequate station coverage (ie, excluding 
events outside SCSN area of responsibility 
(blue polygon) or south of California-
Mexico border
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