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Seismicity
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• Hazard-Map of Austria
• PGA, 10% in 50 years

Weginger et al 2019



Network
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• Seismic station network in Austria
~ 60 stations

• Broadband station
• Strong motion station

2023



Ground Motion Data
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• Macroseismic sensor network
• 51 stations
• with low cost sensor
• in Vienna basin

Vienna

0 25 50 km www.macroseismicsensor.at



Ground Motion Prediction Equation (GMPE)
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• Local GMPE
• Fits data best
• Limited magnitude range

• Selection of GMPE 
• Openquake Hazardlib

GMPE Set:
33% AkkarEtAlRjb2014
33% CauzziEtAl2014
33% Weginger2020



Ground Motion Intensity Equation
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• Brückl et al 2021 (extended Dataset 2023) 
• 786 local couples PGV – Intensity
• II – V

• Faenza Michelini (2011)
• VI and over 

=> Combined relation

Brückl 2023

Combined GMI



Felt Report 
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• Collection from population
• Webpage
• QuakeWatch app

• Manual evaluation
• Too late for ShakeMap
• Final results

• Automatic evaluation
• ShakeMap
• Initial assessment



Felt Report - Automatic evaluation
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• Picture selection
• 75% percentile
• pseudoEMS
• no longer in use

• Intassign - R. Musson 2006
• adjusted Python script
• in use

• Sklearn.neural_network.MLPClassifier
• LEARN INPUT:
 145000 felt reports (2004-2023)
 All questions and answer possibilities => 0,1
 Manual macroseismic solution

• PREDICT:
 Event felt reports

Best results, but no learning set for intensity over VI
Macroseismic evaluation vs. Prediction



ShakeMap

USGS ShakeMap V4.1
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• Input data
• Event data
• Ground motion data
• Felt reports

• GMPEs
• VS30 – Site Effect

• Trigger
• Automatic detection (Antelope)
• Reviewed update

• Output
• Images
• Webpage
• Geojson



ShakeMap Webpage
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• ShakeMap
• Intensity
• PGA
• PGV

• Felt reports
• Ground motion data
• Recent seismicity
• Critical infrastructure

ML 4.2 
2023-03-30
I0 V-VI
> 3000 felt reports



ShakeMap Webpage
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• ShakeMap
• Intensity
• PGA
• PGV

• Felt reports
• Ground motion data
• Recent seismicity
• Critical infrastructure

ML 4.2 
2023-03-30
I0 V-VI
> 3000 felt reports

Felt reports Ground motion data



Info Page
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• Event overview
• Basic information
• Written description
• Seismogram

• ShakeMap

• Felt reports
• Overview
• Detail



Info Page
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• Seismic hazard map

• Seismic description of the region

• Statistics
• Strongest events 
• Felt event in the last year



Antelope Tools
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• rtexec.pf

Processes &Tbl{
orbserver, orb2orb
TriggerProgram.py
orbxfer2 ...  }

• TriggerProgram.py

pf = stock.pfread()
myorb = orb.orbopen( pf['rtorb'] )   
pktid, srcname, pkttime, pktbuf = myorb.reap()
cpkt = Pkt.Packet(srcname, pkttime, pktbuf)
cdb = ds.Dbptr(cpkt.db)
evid, prefor = cdb.getv('evid', 'prefor')

• GroundMotionProgram.py

tr = dbwf.trloadchan(t,t+dt,sta,cha)  
tr.trfilter('BW 0.2 5 50.0 5 ; DIF'); 
tr.trdata() 

• Missing

Documentation !
pieces of code in Python testscript

Waveform parametrization module
extended wfmeasure -> StationXML
e.g. Scwfparam (Seiscomp) 

crontab &Arr{
UTC 2 2 * * *           TestProgram.py
UTC 5,20,35,50 * * * *  UpdateDidyoufeelit.py   
... }

#forDevelop
pktid, srcname, pkttime, pktbuf = myorb.get(orb.ORBOLDEST) 
pktid, srcname, pkttime, pktbuf = myorb.get(orb.ORBNEXT) 

Openquake SMTK Lib
PGA, PGV, response_spectrum
duration, arias intensity, cav, arms, 



Bighorn – Rapid Response
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Response spectrum
and waveform

Current status Event details

• Current status
• PGA, PGV
• last 5 and 30 minutes

• Threshold alarm
• single station
• 2 (of closest 3) station



Magnitude 2,4  in Fulpmes,Tirol 2022 
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8:04:16 Origin time
8:04:18 P arrival at 1. station
8:04:20 singe station alarm
8:04:25 2 (of closest 3) station alarm
8:05:21 Antelope automatik
8:05:27 ShakeMap - start
8:06 ShakeMap – webpage

4 x Update
8:32:20 Manual Review report
8:32:55 Civil protetion page
8:34 Event on ZAMG-homepage



Antelope Tools
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• rtexec.pf

Processes &Tbl{
orbserver,  orb2orb, orbsmrsp,  smrspalarm, orbpf2db, 
orbwfproc, GroundMotion2WebRealtime.py
BighornAlarmTrigger.py }

• GroundMotion2WebRealtime.py

orbwfproc - wffilter
Filter waveform, INT DIF, Export

myorb.reap
Collect waveform, calculate, update webpage

• BighornAlarmTrigger.py

pktid, srcname, pkttime, pktbuf = myorb.reap()
cpkt = Pkt.Packet(srcname, pkttime, pktbuf)
if /SMRSP (from orbsmrsp)

cpkt.pf['spectrum' | 'peak_accel | 'peak_vel'] ...
Bugreport: wrong PGV from HH Channels in orbsmrsp

if /ALARM (from smrspalarm)
cpkt.pf['pfstate'] = 'inprogress' | 'postalarm' | 'final‘ 
cpkt.pf['spectrum’ | ’channels’]
-> Start Stop Event

• Further

AddToDB ( db.addv ), SendToOrb ( pkt.stuff(), orb.put() ), rtmail

crontab &Arr{
UTC 2 2 * * * TestScrip
UTC 0 0 * * 0 pkill -f "smrspalarm"  
UTC 1 2 * * * truncate_log -r logs/* }



DANKE

Stefan Weginger
stefan.weginger@geosphere.at

THANK YOU


