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Number of published papers  

Infrasound specific events (/20) 
IDC / US SMDC Infrasound reference event database  
Cumulative published articles (/5) 
Web of Science (Science Citation Index)  

Operating IMS stations 

Infrasound : a growing research field 
in physics of atmosphere and volcanology 

- until 1998: 1 to 3 per year  
- after 1998 : up to 30 per year)  

60 CTBTO-IMS infrasonic stations 



Infrasound versus Seismic Records 

seismic 

infrasound 

200 µm/s 

Seismic  Infrasound  

Infrasound has lower absorption and propagates better than seismic waves 
Sutherland & Bass (2002) 

Ulivieri et al. (2013) 



Remote Infrasonic Monitoring 

ETN, @5km 

WP4 – Monitoring of extreme events 

CHA, @1050 km 

Lava fountain 2012-04-01 

Infrasonic waveform can be preserved also with Arrival time of 66 minutes 

CHA 

ETN 

AMT 

Marchetti et al., 2013 

AMT, @660km X200 Pa 

X200 Pa 



Acoustic Pressure in Greenland shows same variation as at the Source  
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Infrasonic IMS & Nat. Arrays 
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Infrasonic Monitoring at Regional Scale 

(Matoza et al., GRL, 2009) 



Infrasonic Monitoring at Regional Scale 

Dabrowa et al., EPSL, 2011 

maximum distance of detection generally increases with the plume height, 



Acoustic Pressure and Source Expansion Velocity 

Modelling Volcano Acoustic Source 

Acoustic pressure (p) can be linked to Volumetric Flux Q 
Volumetric Flux  (m3/s)  

Mastin et al., 2009 

Plume Height  (m)  

According to 
source dynamics 
(monopole, dipole, 
quadrupole) 
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Infrasound and Mass Eruption Rate 
Eyjafjallajökull 
 

   Acoustic Pressure recorded by array  

MER from acoustic pressure M
ass Flux (kg/sx10

5) 
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where: 
a = 25 m source radius 
r  = 8300 m distance from source 
c – 330 m/s Speed of sound 
ρο − air density 
ρplume = 5.4 Kg/m3 plume  density 
 

Acoustic-derived Mass Eruption Rate 
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Acoustic-Derived Mass Flux & Plume Height 
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Mass Eruption Rate derived by acoustic is decoupled from Plume height 
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Days 

Acoustic-Derived Plume Height 

MER x105 kg/s 

IMO radar 

(Ripepe, Bonadonna, Folch, et al., EPSL, 2013) 

Plume height is controlled by Wind Speed 

   Plume height calculated from acoustics and Wind Profile  

from acoustic 

Buoyancy Plume Theory (BPT) 1D modelling using acoustic-derived 
MER including wind field and temperature profiles from the ECMWF 
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Infrasonic Modelling Uncertainty 

a =40 m 

a =20 m 
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Infrasound Real-Time Monitoring at Etna 

43 Lava-fountains in the last two years  

Infrasound Detections (~4 millions) 



10 Pa 

Infrasound Real-Time Monitoring at Etna 

Violent 
Strombolian Lava 

Fountain 

39 Lava Fountains 

-9 

Infrasound has similar trend, increasing  up to 3 hours before the fountaining 

fountaining 

(Uliveri et  al., 2013) 
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Lava fountaining 
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Infrasonic Early-Warning System 

NO ACTIVITY 
Is detected 

LOW 
Explosive Activity 

VIOLENT  
Explosive Activity 

ON-GOING 
Lava Fountain 

(http://lgs.geo.unifi.it/etna) 

42/43 Lava fountains detected (97%) No FALSE Alerts in the last 4 years 



Alerts automatically delivered to Italian Civil Defence by e-mails and SMS 
messages in average ~60 minutes before the lava fountaining 

(web-site  http://lgs.geo.unifi.it/etna)  

Infrasonic Early-Warning System 

-140 

delivered  



Summary 

• Onset of the Eruption 
• Location of the Source 
• Duration of eruption 

Infrasound Monitoring is ready to deliver in Real-Time 

• Plume exit velocity 
• Volume Eruption Rate 
• Plume Height 

Given the appropriate Source Model can provide 

• Monitoring at Regional scale and in REAL-TIME 
Next Challange: 



 



Infrasonic Monitoring at Regional Scale 

(Fee et al., 2010) 

Infrasound recorded at IS53 @2100 km for Kasatochi eruption 
6 stations ranging from 2100 to 5400 km recorded the eruption  
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