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INTRODUCTION  

Manam Volcano Jan. 27, 2005 

üThe eruption of Manam Volcano on Jan. 27, 2005 was one of 
the largest explosive volcanic eruptions in recent years. 

üManam Volcano is located on a small populated island about 
13 km north of Papua New Guinea.  

üInfrasonic waves from the Manam eruption were observed 
globally at a large number of IMS infrasound monitoring 
stations (at least 14). 

 

 

 Coordinates: 4.10 S, 145.061 E 

 Start time:   ~ 14:00 GMT (24:00 local time) 

 Duration:    ~ 2 hours 

 Height of ash plume: 21 to 24 km 
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Manam Volcano 

üManam Volcano is one of the most 

 active volcanoes in Papua New Guinea.  

üMore than 9000 inhabitants were 

evacuated  following large eruptions in 

October and November 2004. About 2000 

inhabitants were on the island at the 

time of the violent eruption on 27 

January 2005. One inhabitant was killed, 

14 were injured and the Volcano 

Monitoring Station was destroyed. 

üA number of significant eruptions have 

occurred since 27 January 2005. 

üMany other Manam eruptions during the 

last 14 months were also detected at 

nearby IMS infrasound stations.  

Manam 
Volcano 

Port Moresby 

Papua  

New 

Guinea 
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Observations at IMS Stations 

Station Distance  Frequency Comment 

IS39 Palau 1738 km 0.4 - 2.0 Hz 
0.03 - 0.1 Hz 

Good high-frequency signal.  

IS07 Warramunga 2103 km 0.4 - 2.0 Hz 
0.01 - 0.1 Hz 

High signal-to-noise ratios. 

IS22 New Caledonia 3086 km 0.05 - 0.1 Hz Dominated by long-period 
signals. 

IS05 Hobart 4261 km 0.01- 0.1 Hz Long-period signals only. 
High signal-to-noise ratio. 

IS34 Mongolia 6874 km 0.05 - 0.1 Hz Relatively poor detection. 

IS52 Diego Garcia 8040 km 0.05 - 0.1 Hz Signal obscured by noise. 
Long-period signal 

IS55 Windless Bight 8286 km 0.03 - 0.1 Hz Good long-period signal. 

IS53 Fairbanks 9358 km 0.03 - 0.1 Hz Good long-period signal. 

IS33 Madagascar 10683 km 0.008 - 0.1 Hz Good long-period signal. 

IS56 Newport 10927 km 0.05 - 0.1 Hz Good long-period signal. 

IS18 Qaanaaq 11604 km 0.05 - 0.1 Hz Marginal detection 

IS32 Kenya 12032 km 0.03 - 0.1 Hz Weak, but clear detection 

IS10 Lac du Bonnet 12383 km  0.05 - 0.1 Hz Very weak signal? - marginal 

IS26 Freyung 13257 km 0.05 -0.1 Hz Weak, but clear detection 
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Detection of Infrasound from Manam Volcano 

Infrasonic signal detected              Infrasonic signal not detected 
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IS39 Palau 

Distance: 1728 km 
üSignal dominated by high-frequency components. 

üLow-frequency components also detected but with low signal-to-noise ratio. 

üSignals may be thermospheric. 

(0.4 - 4 Hz) 
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IS07 Warramunga 
High-Frequency Waves 

Distance: 2103 km 
ü High- and low-frequency waves detected with good signal to-noise ratio. 

ü High-frequency signals are probably stratospheric. 

High-frequency (0.4 - 4.0 Hz) signals observed at IS07 Warramunga 
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IS07 Warramunga 
Low-Frequency Waves 

Very low-frequency (0.01 - 0.05 Hz) signals observed at IS07 Warramunga 

. 

ü Low-frequency signals observed between 0.01 and 0.05 Hz. 

ü Signals from Manam volcano were also detected at IS07 in the  

    microbarom passband from 0.1 to 0.4 Hz 
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IS22 New Caledonia 

Distance: 3086 km 
ü High-frequency (f > 0.1 Hz) waves were not observed at IS22 

(0.01 - 0.1 Hz) 
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IS05 Hobart 

Distance: 4261 km          No high frequency waves (f > 0.1 Hz). 

Superimposed phased signals 

(0.05 - 0.1 Hz) 
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IS55 Windless Bight 

Distance: 8286 km 
ü Low-frequency signals only (f < 0.1 Hz) 

ü Observations at IS55 described by Wilson and Olson (2005). 

(0.01 - 0.1 Hz) 
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IS53 Fairbanks 

Distance: 9358 km 
ü Low-frequency signals only (f < 0.1 Hz) 

ü Observations at IS53 described by Wilson and Olson (2005). 

(0.04 - 0.1 Hz) 
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IS33 Madagascar 

Distance: 10683 km 
ü No high frequency components 

ü Unusually long period waves with frequencies of less than 0.01 Hz 

ü Some evidence for development of normal modes and dispersion. 

(0.008 - 0.02 Hz) 



AUSTRALIAN NATIONAL UNIVERSITY 

Australian Government 

Geoscience Australia 
IS56 Newport 

Distance: 10927 km 
ü Low-frequency waves 

 only (f < 0.1 Hz) 

Superimposed phased signals (0.01 - 0.1 Hz) 
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IS32 Kenya 

Distance: 12032 km 
ü Clear long-period signals (f < 0.1 Hz) 

ü High trace velocity (625 m/s) 

(0.03 - 0.1 Hz) 
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IS26 Freyung, Germany 

üLong-period infrasonic signals from 

 Manam Volcano arrived at IS26, 

 Freyung during a two-hour period with 

 low background noise levels. 

(0.05- 0.1 Hz) 

Distance: 13257 km 
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Modeling 

3-D Ray Tracing Studies 

üA 3-D Hamiltonian Acoustic Ray Tracer (Georges, 1972) is 
used to predict stratospheric and thermospheric first arrivals. 

üThe HWM Wind and MSISE Temperature models (Hedin, 
1991a,b; 1996) for January 27 are used for ambient 
conditions. 

üModel should provide a reasonable first order approximation.  

Å Expect model will provide an approximate description of  two-phase 
 acoustic propagation over relatively short distances (< 2000 km ?). 

Å Anticipate model will fail as normal modes develop.  

üOther limitations: 

Å Simulation uses seasonally averaged climatological model for Jan 27. 

Å Ambient conditions are temporally invariant.  
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Model Predictions  

Red:  Stratospheric 

Yellow:  Thermospheric 

*Only dominant unconverted phases are illustrated 
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Model Results 

Model Predictions 

 

üStratospheric signals:  

 Predicted in fan of azimuths to the West, predominately in the 
Southern Hemisphere, as expected.  

 Typical predicted stratospheric celerities are:  

IS06  Cocos Islands: 323 m/s IS33 Madagascar: 321 M/S 

 

üThermospheric signals:  

 Predicted for all directions. Predicted celerities range from 
about 217 m/s to 265 m/s. E.g., 

IS22 New Caledonia: 221 m/s   IS32 Kenya: 256 m/s 
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Comparison with Observations 

IMS 
Station 

Distance 
(km) 

Celerity  (m/s) 
Comment Observed* 

(1st Arrival) 
Stratospheric 

Prediction 
Thermospheric 

Prediction 

IS05 4261 271 (T?) Nil 240 Faster than predicted * 

IS07 2103 280 (T?) Nil 251 Faster than predicted * 

IS10 12383 255 (T) Nil 255 Good Agreement 

IS18 11604 293 Nil 248 Faster than predicted * 

IS22 3086 227 (T?) Nil 222 Good Agreement 

IS26 13257 266  Nil 231 Faster than predicted * 

IS32 12032 280 321 256 

IS33 10683 299 321 262 

IS34 6874 270 Nil 236 Faster than predicted * 

IS39 1738 261 Nil 244 Faster than predicted * 

IS52 8040 280 (S?) 322 258 

IS53 9358 282 Nil 251 Faster than predicted * 

IS55 8286 286 Nil 244 Faster than predicted * 

IS56 10927 284 Nil 254 Faster than predicted * 

** Calculated celerities assume nominal origin time for Manam Eruption is 14:00 GMT on 27 Jan. 2005. 

Agreement between  predicted and observed celerities is improved if origin time is at 13:40 GMT. 
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Other Observations of 
Infrasound from Manam Volcano 

ü Infrasound from Manam Volcano has been detected on 
 numerous occasions at IMS infrasound station IS07 
 Warramunga at a distance of 2103 km. 

ü During the period from 1 Oct., 2004 to 31 Jan., 2005, long 
 duration signals corresponding to significant eruption  activity at 
 Manam were detected on 24, 25 and 31 of October, 10 November,  
 1, 8 and 9 of  December and 27,  28 and 29 of January. 

 

10 Nov. 2004 28 Jan. 2005 
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Volcanic Ash and  
Aviation Safety 

ü  Encounters with volcanic ash represent a serious hazard to 
 aviation.  

ü  The global observations at IMS infrasound stations of 
 signals from the violent eruption of Manam Volcano on 27 
 Jan. 2005 and observations on other occasions of volcano-
 generated infrasound at IS07 indicate that data from the IMS 
 infrasound network could play an important role in a global 
 volcanic ash warning system. 

ü  IMS infrasound data could provide a particularly useful 
 means  for detecting and identifying potentially hazardous 
 volcanic eruptions in the tropics when atmospheric moisture 
 prevents  an accurate interpretation of volcanic satellite 
 imagery. See the poster by David Brown et al. (2005 - this 
 Workshop) for more details regarding the potential 
 importance of the use of infrasound in a volcanic ash 
 warning system. 


