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ABSTRACT 

Volcanic eruptions are valuable calibrating sources of infrasonic waves worldwide detected by the International Moni-
toring System (IMS) of the Comprehensive Nuclear Test-Ban-Treaty Organization (CTBTO) and other experimental 
stations. In this study, we assess the detection capability of the European infrasound network to remotely detect the 
eruptive activity of Mount Etna. This well-instrumented volcano offers unique opportunity to validate attenuation mod-
elsusing multi-year near- and far-field recordings. The seasonal trend in the number of detections of Etna at the IS48 
IMS station (Tunisia) is correlated to fine temporal fluctuations of the stratospheric waveguide structure. This observed 
trend correlates well with the variation of the effective sound speed ratio which is a proxy for the combined effects of 
refraction due to sound speed gradients and advection due to along-path wind on infrasound propagation. Modeling 
results are consistent with the observed detection capability of the existing regional network. In summer, during the 
downwind season, a minimum detectable amplitude of ~10 Pa at a reference distance of 1 km from the source is pre-
dicted. In winter, when upwind propagation prevails, detection thresholds increase up to ~100 Pa. However, when add-
ing four experimental arrays to the IMS network, the corresponding thresholds decrease down to ~20 Pa in winter. The 
simulation results provide here a realistic description of long- to mid-range infrasound propagation and allow predicting 
fine temporal fluctuations in the European infrasound network performance with potential application for civil aviation 
safety. 
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1. Introduction 

A large variety of natural and anthropogenic phenomena 
produces intense low-frequency acoustic waves below 
the 20 Hz human hearing threshold [1]. These signals, 
referred to as infrasound, can propagate over large dis-
tances through the atmosphere due to low attenuationin 
acoustic waveguides between the ground and troposphere, 
in the stratosphere and lower thermosphere [2-5]. De-
pending on the upper-wind structure, ducting can then be 
reinforced or reduced [6-9]. Interest in such propagation 
studies had been revived since the Comprehensive Nu-
clear Test-Ban-Treaty (CTBT, http://www.ctbto.org/) 
was adopted and opened for signature in 1996. The In-
ternational Monitoring System (IMS) is designed to en-
sure compliance with the CTBT by detecting and locat-
ing explosions with a minimum yield of one kiloton of 
TNT-equivalent anywhere in the world using at least two 
stations [10,11]. The infrasound component of this net-

work currently consists today of 45 certified stations out  
of the 60 that are planned to be constructed. Even not yet 
fully established, this network already allows studies on a 
global scale as it has demonstrated its capability to detect 
and locate a large number of geophysical and anthropo-
genic sources [12,13]. 

Among numerous naturally occurring geophysical phe-
nomena generating acoustic waves, volcanic eruptions 
are outstanding sources of repetitive signals [14-16]. As 
infrasound signals are associated with the massive ejec-
tion of material and the release of conduit overpressure, 
they are a good indicator that an eruption has occurred 
[17-19]. Moreover, due to the long-range propagation of 
infrasound, this technique is valuable to remotely moni-
tor volcanoes in regions where ground-based observa-
tions are sparse [20-23] and identify potential hazards for 
aircraft safety [24,25]. 

Many active volcanoes are permanently detected by  
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the IMS infrasound network [24]. In particular, Mt. Etna 
in Italy (37.73˚N, 15.00˚E; 3330 m high) is in Europe the 
highest and most active strato-volcano. It is located on 
the east coast of Sicily, lying above the convergent plate 
margin between the African and the Eurasian plates. This 
volcano has experienced a variety of eruption styles. Its 
volcanic activity can be divided into two main types: 
effusive flank eruptions, mainly characterized by the open-
ing vents or fractures to feed voluminous lava flows, and 
persistent explosive summit activity, including mostly 
violent Strombolian and phreatomagmatic explosions, lava 
fountaining and persistent degassing [26,27]. Its current 
activity is typically effusive with explosive episodes and 
lava fountaining, with often large ash ejection in the at-
mosphere affecting nearby cities and local air traffic. 

As the activity of Etna is mostly effusive, sometimes 
accompanied by small-to-moderate explosions, it often 
yields to small VEI (1-2).  

During 2008-2009 and early 2010, no significant ex-
plosive activity was reported. Since October 2010, more 
paroxysmal eruptive periods, characterized by strong 
Strombolian activity, lava fountaining, and often dense 
dark ash emissions were reported. However, such infor-
mation is not as precise as continuous near-field observa-
tions. The Smithsonian database is more useful for explo-
sive volcanoes that rarely erupt or at least not continu-
ously, and where the amount of observations is limited.  

The main objective of this study is to assess the poten-
tial of the European infrasound network to monitor Etna 
by analyzing near- and far-field recordings from 2008 un-
til now. In order to calibrate the existing network and 
evaluate the performance of the future ARISE (Atmos-
pheric dynamics Research Infra Structure in Europe  
(http://arise-project.eu/) network, frequency-dependent 
attenuation relations are integrated into a network per-
formance modeling technique. We first present the infra-
sound network and describe array processing methods. 
Then, the capability of the IS48 IMS station to detect 
Etna is analyzed by considering a detailed description of 
both the background noise at the receiver and the dy-
namics of structure of the stratosphere. Finally, we evalu-
ate the performance of the existing IMS network and 
quantify its improvement by adding experimental sta-
tions. 

2. Observation Network 

The IMS network is unique by its global and homogene-
ous coverage. Significant advances in array designs and 
processing methods as well as the development of highly 
sensitive sensors and efficient wind-noise filtering sys-
tems allow now detecting low-amplitude coherent signals 
from remote volcanoes with an unprecedented precision 
[10-29]. In particular, at a distance of about 550 km, Etna 

is permanently monitored by the IS48 IMS station 
(35.80˚N, 9.32˚E) located in Tunisia. In case of major 
eruption, signals can be detected by other IMS stations 
like IS26 in Germany and IS43 in Russia, at a distance of 
1240 and 2680 km, respectively. In addition to the exist-
ing operating IMS network, we consider in this study the 
four experimental arrays OHP, AMT, CEA and Flers 
(Figure 1). Within the course of the ARISE project, 
other arrays, like the ones operated by the Royal Nether-
lands Meteorological Institute (KNMI, The Netherlands), 
the Federal Institute for Geosciences and Natural Re-
sources (BGR, Germany) and the Atomic Weapons Es-
tablishment (AWE Blacknest, UK), will provide addi-
tional far-field recordings. 

In the near-field, one permanent small aperture (~250 
m) four-element array, ETN, operated by the University 
of Firenze (UNIFI), routinely records the Etna activity 
since 2007. Each array element is equipped with a dif-
ferential pressure transducer with a sensitivity of 20 
mV/Pa [30]. The wide frequency response (0.01 - 100 Hz) 
and the 200 Pa peak-to-peak pressure range allow a 
full-recovery of the signals of interest. ETN is deployed 
on the southern flank of Etna volcano, at an elevation of 
about 2000 m a.s.l. and at a distance of approximately 5 
km from the summit craters. This site allows a clear azi-
muthal discrimination of infrasound radiated from most 
of the Etna summit craters, and thus represents an essen-
tial contribution to accurately monitor its degassing and 
volcanic activity. Data are processed in real-time using a 
cross-correlation based method. Since September 2007, 
almost 2.4 ×106 detections (about one detection per min-
ute) related to both degassing and explosive activity were 
measured. 

IS48 well detects Etna (550 km, 65.4˚) and Stromboli 
(618 km, 55.9˚), the nearest active volcanoes. Itconsists of 
seven separate MB2000-type microbarometers connected 
to a central recording facility with inter-sensor-spacing  

 

 

Figure 1. Location of Etna and the nearby Stromboli vol-
cano (yellow triangles). The red and green reverse triangles 
represent IMS infrasound and experimental arrays, respec-
tively (geographical coordinates of the stations are provided 
in Table 1). 
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ranging from 150 m to 1.6 km. The microbarometers 
operate from DC up to 27 Hz with a flat frequency re-
sponse from 0.02 to 4 Hz and an electronic self-noise 
level of 2 mPa RMS (<18 dB below the minimum acous-
tic noise at 1Hz). Infrasound data are routi- nely proc-
essed with the Progressive Multi-Channel Co- rrelation 
method (PMCC) [31]. The processing is performed con-
secutively using an adaptive window length and 
log-spaced frequency bands allowing the full frequency 
band of interest (0.02 - 4 Hz) to be processed in one sin-
gle run [32]. 

Figure 2 presents the results of the PMCC automatic 
processing results at IS48 filtered in the 0.1 - 4 Hz band 
from 2006 to 2012. Several sources of infrasonic waves 
are identified: 
 From 0.1 to 0.3 Hz, microbaroms produced by large 

interacting open-ocean swell systems [33-35] nearly 
continuously detected in winter from North Atlantic 
Ocean with a back-azimuth between 310˚ and 320˚, 
and in summer from the Mediterranean Sea with a 
back-azimuth about 90˚. 

 Above 0.5 Hz, in summer, persistent detections asso-
ciated with eruptions of Mt. Etna and Stromboli with 
back-azimuth between 50˚ and 80˚. Paroxysmal events 

but also small-to-moderate explosions are almost con-
tinuously recorded between May and September. 

 Above 1 Hz, detections possibly related to industrial 
activity (oil and gas fields, refineries in Libya and 
Algeria) with back-azimuth between 120˚ and 210˚. 

Monitoring infrasound at IS48over several years re-
veals a clear seasonal transition in the bearings along 
with the stratospheric general circulation between sum-
mer and winter for both microbarom and volcano signals. 
Furthermore, these seasonal variations reverse whether 
sources are locate east or west of the array.This oscilla- 
tion clearly captured in climatological wind models [4-36] 
controls to the first order the direction from where sig-
nals are expected to be detected. 

Figure 3 presents one example of a major eruptive 
episode of Etna on April 1st, 2012 which was well de-
tected by several stations up to station IS43 in Russia. 
The measured celerity (horizontal propagation range di-
vided by travel time) near 300 m/s at all stations suggests 
a propagation through the stratospheric waveguide [3,4]. 
To locate the source, the three nearest stations (IS48, 
IS26 and CEA) are considered by applying a simple 
cross bearing method. The source is located at about 75 
km to north-east of the true location (38.27˚N, 15.56˚E). 

 
Table 1. Geographical coordinates of infrasound arrays. 

Array name Latitude Longitude Distance from Etna (km) 

ETN (Italy) 37.71 15.03 4 

IS48 (Tunisia) 35.80 9.32 550 

AMT (Italy) 42.87 11.65 640 

OHP (France) 43.93 5.71 1040 

IS26 (Germany) 48.85 13.71 1240 

CEA (France) 48.60 2.20 1590 

Flers (France) 48.77 −0.49 1750 

IS43 (Russia) 56.72 37.22 2680 

 

 

Figure 2. Continuous PMCC processing results at IS48 in the 0.1 - 4 Hz band. The color scale codes the number of detections 
per day (normalized log-scale). The back-azimuth distribution highlights two peaks corresponding to signals from Etna and 
Stromboli. 
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Figure 3. Infrasound signals produced by the lava fountain of Etna on April 1st, 2012 recorded by ETN (5 km from the 
source), IS48 (550 km), IS26 (1240 km) and CEA (1590 km). Signals are filtered in the 0.5 - 3 Hz band. Detection periods are 
outlined by red rectangles. The celerity of the waves at IS48, IS26 and CEA stations referring to an origin time of 03:40 GMT 
(green arrow at the ETN recordings) is indicated at the maximum peak amplitude observed on the filtered signals (green 
marks). The source location is shown by the 95% confidence yellow error ellipse (map source: Google Earth). 

 
3. Characterization of Stratospheric  

Dynamic Effects 

In the thermosphere, waves are strongly attenuated due to 
the classical and rotational absorption which increases  
with frequency [5]. Considering the relative high fre-
quency content of the signals of interest (generally above 
0.5 Hz), most of the acoustic energy propagates in the 
stratospheric waveguide. If the gradient in the tempera-
ture and along-path wind is strong enough in the strato-
sphere, waves refract back to the earth’s surface. In the 
40 - 50 km range of altitude, infrasound propagation is 
thus essentially controlled by the effective sound speed 
ratio (Veff-ratio) which is a proxy for the combined effects 
of refraction due to sound speed gradients and wind ad-
vection around 50 km altitude [37-39]. This effect is 
clearly reflected in Figure 4 where the multi-year infra-
sound observations of Etna and Stromboli indicate good 
detection capability in summer when downwind propa-
gation occurs (Veff-ratio > 1). However, compared to the 
other years, a reduced number of detections are noted in 
2009 and 2010. 

To further investigate the correlation between the sta-
tion detection capability and the structure of the strato-
spheric waveguide, the seasonal variation of the number 
of detections is compared to Veff-ratio calculated in the 
direction of propagation (Figure 5). The stratospheric 
duct refracts acoustic energy back to the ground for 
Veff-ratio above one, hence decreasing the transmission loss 
[40]. This explains the relative high daily number of de-
tections (~100 per day) from May to September. For 
Veff-ratio slightly lower than one, where ray tracing tech-
niques fail to predict stratospheric returns, Parabolic 
Equation (PE) method simulations incorporating gravity 
waves enlarge the ensonified regions at ground level [39]. 
This is clearly reflected by the observations where the 

daily number of detections reaches ~10 for Veff-ratio ~0.95. 
In winter, the station detection capability can be tempo-
rarily variable following the reversals of the prevailing 
stratospheric winds during sudden stratospheric warming 
(SSW) events. These events play a dominant role in the 
stratospheric general circulation [41]. This analysis high-
lights the strong influence of the stratospheric waveguide 
structure which controls the capability of IS48 to monitor 
Etna. 

To explain the variation in the number of detections 
from one year to another, infrasound observations at IS48 
are compared to the near-field recordings at ETN. Figure 
6 shows that Etna is quasi-permanently observed from 
May to September, and occasionally in winter during 
periods of days to weeks following stratospheric wind 
reversals when the polar vortex breaks. Favorable detec-
tion at IS48 is further enhanced when the source ampli-
tude approaches 1. It is noteworthy that clear activity of 
Etna (e.g. summer 2010) can be recorded below a source 
amplitude of 1 Pa if Veff-ratio is around 1.1. The weak 
number of detections in summer 2009 and 2010 (up to 
~100 times lower compared to 2011 and 2012) is ex-
plained by a near-field source amplitude which rarely 
exceeds 10 Pa. Under upwind scenario, this threshold 
increases up to ~100 Pa. 

4. Simulating the Network Performance 

Today, numerical modeling techniques provide a basis to 
better understand the role of different factors describing 
the source and the atmosphere that influence propagation 
predictions. Previous studies estimated the radiated source 
energy from remote observations using empirical yield- 
scaling relations which account for the along-path strato-
spheric winds [42]. In order to quantify the infrasound 
network detection capability in highs patio-temporal  
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Figure 4. 2D density plot of PMCC detections at IS48 in the 0.1 - 4 Hz band (in green, normalized log-scale) superimposed to 
the effective sound speed ratio calculated in all directions using the European Centre for Medium range Weather Forecasting 
(ECMWF, http://www.ecmwf.int/). The maximum of Veff-ratio is calculated between 30 and 60 km altitude, averaged along the 
propagation path from Etna to IS48. Colors refer to Veff-ratio with values ranging from 0.8 to 1.2. 

 

 

Figure 5. Correlation between the logarithm of number of detections from Etna (blue curve) and Veff-ratio (black dots). Daily 
observations are averaged between 2006 and 2012. 

 

 

Figure 6. Comparison between the number of detections at IS48 (normalized log-scale) and the signal amplitude at ETN (95th 
percentile daily measurements scaled to a reference distance of 1 km from the source). Gray braces outline quasi-permanent 
detections in summer. Beige and red stars show examples of detection periods in winter explained by downwind conditions 
and/or signal amplitude at ETN significantly larger than 10 Pa. 
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resolution, a frequency-dependent numerical modeling 
technique coupled with realistic station noise and at-
mospheric specifications is considered [40]. Model pre-
dictions have been further enhanced by the addition of 
perturbation terms which are excluded from the current 
atmospheric specifications. They provide a mechanism to 
describe the acoustic penetration into geometrical shadow 
zones. Horizontal velocity fluctuations of realistic am-
plitude induced by naturally-occurring gravity waves 
have been incorporated in the original wind models. In 
this study, we use the proposed semi-empirical attenua-
tion relationship derived from massive 
range-independent PE simulations Equation (1): 

 
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where Ap is the attenuation coefficient of the pressure 
wave at a distance R (in km) from the source. The at-
tenuation is calculated from the source region at a refer-
ence distance of 1 km to the receiver. The first term of 
Equation (1) describes the pressure wave attenuation in 
the shadow zone where α (km−1) is the dissipation of 
direct waves. The second term characterizes the attenua-
tion beyond the first shadow zone in the geometrical 
acoustic duct region, where β accounts for the geometri-
cal spreading and dissipation of both stratospheric and 
thermospheric waves, δ (km) defines the width of the 
shadow zone between the source and first stratospheric 
bounce (set to 180 km), and σ (km) is a scaling distance 
controlling the strength of the attenuation in the shadow 
zone. 

The analysis of the waveforms in the near- and far- 
fields provides means to validate Equation (1). On April 
1st, 2012, the peak-amplitudes in the 0.5 - 3 Hz band of 
the signals produced by the lava fountain at IS48 and 
ETN are 0.5 and 34 Pa, respectively (Figure 3). The at-
tenuation scaled to a reference distance of 1 km from the 
source is 51 dB. Considering a dominant frequency band 
of the signals ranging from 0.5 to 3 Hz and Veff-ratio ~1.12 
at the time of the event averaged along the path at 50 km 
altitude, the tabulated transmission loss β is 0.92 ± 0.05. 
In the far-field, at a distance of 550 km from the source, 
the predicted attenuation can then be calculated using the 

 simplified form of Equation (1), yielding 
a value of 54.8 ± 5.5 dB, which is consistent with the 
observation. 

 20 log R

To validate the detection capability of the existing 
infrasound network and quantify its improvement by add-
ing more arrays, we use Equation (1) to predict the small-
est signal attenuation at any source location. Then, by 
combining broad frequency band information and realis-
tic time-varying station-specific noise conditions, we fur-
ther evaluate whether the signal is confidently detectable 

above the noise level at the receivers. Simulations are 
carried out in six bandwidths overlapping by one octave 
between 0.04 and 5.12 Hz: 0.04 to 0.16 Hz, 0.08 to 0.32 
Hz, 0.16 to 0.64 Hz, 0.32 to 1.28 Hz, and 0.64 to 2.56 Hz. 
Results are presented at the following central frequencies: 
0.1, 0.2, 0.4, 0.8, and 1.6 Hz. For one specific date, 
Veff-ratio is calculated using the ECMWF wind and tem-
perature models averaged at 50 km altitude along the 
great circle arc between each node (i, j) of a 0.5˚ × 0.5˚ 
global source grid and each array (k). For each propaga-
tion path and central frequency (f), the attenuation coef-
ficient   p , ,A k f i j  is calculated using Equation (1). 
Values of the f- and Veff-ratio-dependent parameters α, β 
and σ are obtained following a cubic interpolation of the 
matrices provided in [40]. For the IMS stations, station 
noise models  ,N k f  are based on accumulated power 
spectral density (PSD) statistics [43]. For the experimen-
tal arrays AMT, OHP, CEA and Flers where noise mod-
els are not available, we assume background noise condi-
tions given by the median global IMS noise curve. In-
corporating real-time ambient noise calculation at all 
receivers would probably improve the simulation results. 
Then, assuming a signal-to-noise ratio (SNR) of 1 at 
which a detection can be reliably made, the minimum 
detectable source amplitude at a frequency (f) and at 
point (i, j) with respect to station (k) is given by  

   
p

, .

[ , ]

N k f SNR k

A k f
. The pressure in Pa refers to a refer- 

ence distance 1 km away from the source. Finally, we 
investigate the effect of the number of detecting stations 
on the network performance with one-, two- and three-  
station coverage. 

Figure 7 compares the European geographical cover-
age of the minimum detectable signal amplitude by one 
station, at a frequency close to the observed signals from 
Etna, in summer and winter, with and without adding 
AMT, OHP, CEA and Flers to the operating IMS net-
work. As Equation (1) describes the pressure wave at-
tenuation in the shadow zone, a resulting increase in the 
signal amplitude for sources located downwind between 
each station and the first stratospheric bounce is notice-
able. Such effect could not be simulated by the empirical 
attenuation relation derived from historical recordings of 
atmospheric nuclear and chemical explosions [44]. The 
predicted network performance follows the general 
stratospheric wind circulation and provides here a good 
description of the global seasonal oscillation of the domi-
nant zonal wind component. In January, sources gener-
ally located west of the station are detected with thresh-
olds in the order of 10 Pa. In July, the steady westward 
stratospheric currents favor long-range propagation of 
signals from easterly directions. With the IMS network 
only, in summer, Etna is likely to be detected by IS48 
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with a ~10 Pa threshold whereas in January, the mini-
mum detectable amplitude increases up to ~80 Pa. When 
incorporating the experimental arrays, detection thresh-
olds remain unchanged in July since no station has better 
source coverage than IS48, while in winter, thresholds 
decrease down to ~20 Pa due to siting of AMT relative to 
Etna. 
As infrasound networks are designed to detect and locate 
sources of interest, two-station coverage is the baseline 
condition to form an event. Three stations offer the ad-
vantage of reducing the false alarm rate through redun-
dant station detections, and improving location accuracy 
through reduction of sites aligned with the source. Fig-
ure 8 presents the minimum detectable signal amplitude 
with three-station coverage with and without the experi-
mental arrays. Compared with one-station coverage 
(Figure 7), a general increase in the detection thresholds 
is simulated. This effect is more pronounced in summer 
since most stations are located upwind. In January, when 
incorporating the experimental arrays, the detection ca-
pability of Etna decreases from ~80 to ~40 Pa, while in 
July, the geographical coverage of the thresholds does 
not noticeably change. 
Figure 9 presents the yearly fluctuations of the smallest 
signal amplitude detectable by the IMS network only 
with one- and three-station coverage. Due to the decrease  

of the noise levels with frequency, improved detection 
capability is simulated at 1.6 Hz. The lowest detection 
thresholds are predicted between mid-May and mid- 
September when the prevailing stratospheric jet currents 
favor westward propagation. At 1.6 Hz and considering 
one-station coverage, thresholds are slightly higher than 
10 Pa. During that period, any changes in the wind or 
temperature in the stratosphere generate signals of com-
parable attenuation which is consistent with the stable 
number of detections (Figure 5). During the transition 
between summer and winter, zonal winds reduce and 
reverse, yielding an increase of the thresholds up to ~100 
Pa. Furthermore, from October to April, as the result of 
the unstable stratospheric duct, detection thresholds are 
highly variable, following the daily meteorological varia-
tions in the ECMWF model. At 1.6 Hz, variations in 
signal amplitude may be as large as 20 dB within periods 
of weeks. These fluctuations are less pronounced at lower 
frequency due to a weaker attenuation when the acoustic 
energy escapes to the thermosphere in upwind condi-
tions. 

The addition of the four experimental arrays improves 
the network performance in winter (Figure 10). Between 
December and February, at 1.6 Hz, upper threshold val-
ues are almost reduced by a factor of two (from ~40 to 
~20 Pa and from ~80 to ~40 Pa for one- and three-station 

 

 

Figure 7. Comparison of the smallest detectable source amplitude in winter and summer at 1.6 Hz considering one-station 
coverage. Simulations are carried out with atmospheric conditions of January 1st, 2011 (top) and July 1st, 2011 (bottom) with 
the IMS network only (left) completed by AMT, OHP, CEA and Flers (right). Red and white triangles indicate the location of 
Etna and infrasound arrays, respectively. The color map codes the source amplitude at a reference distance of 1 km from the 
source in Pa peak-to-peak. 
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Figure 8. Comparison of the smallest detectable source amplitude in winter and summer at 1.6 Hz considering three-station 
coverage. Simulation conditions are those of Figure 7. 

 

 

Figure 9. Yearly fluctuations of the smallest source amplitude of a source located at Etna, detectable by the IMS network 
with one- and three-station coverage, at frequencies of 0.1, 0.2, 0.4, 0.8, and 1.6 Hz. 

 
coverage, respectively). As a result, for three-station cov-
erage the detection capability is better in winter (30 - 40 
Pa) than in summer (80 - 100 Pa), due to a most favor-
able geographical distribution of stations. 

5. Summary and Conclusions 
A detailed analysis of the multi-year infrasound observa-
tions at IS48 confirms that the propagation of signals  

from Etna is essentially controlled by fine-scale temporal 
variations of the stratospheric waveguide structure. The 
number of detections roughly follows an approximately 
binary variation with the effective sound speed ratio. 
This variation is in good agreement with recent global 
observations at other IMS stations indicating good detec-
tion capability as long as Veff-ratio is larger than 1. Using 
quasi-permanent signals from Mt. Etna, a frequency-  
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Figure 10. Yearly fluctuations of the smallest source amplitude of a source located at Etna, detectable by the IMS network 
completed by AMT, OHP, CEA and Flers, with one- and three-station coverage, at frequencies of 0.1, 0.2, 0.4, 0.8, and 1.6 Hz. 

 
dependent modeling tool has been used to assess the 
performance of the European infrasound network to 
monitor its eruptive activity. In order to quantify in high 
resolution the spatial and temporal variability of the net-
work performance, up-to-date station noise models and 
atmospheric specifications have been considered. The simu-
lation results highlight the strong influence of the source 
frequency and short time scale variations of stratospheric 
winds on the network detection capability. 
With the IMS network only, in summer, Etna is well de-
tected by IS48 with a minimum detectable amplitude of 1 
- 10 Pa, while in winter, thresholds increase up to ~100 
Pa. Clear activity of Etna may also be observed below 1 
Pa when strong westward stratospheric wind prevails. 
From October to April, as the result of the daily mete-
orological variations in the ECMWF model, thresholds 
are highly variable. These simulation results are in good 
agreement with the observed detection capability of IS48 
considering the measured signal amplitude near Etna. 
The network performance is significantly improved in 
winter when adding the experimental arrays. Between 
December and February, thresholds decrease down to 
~20 Pa and ~40 Pa for one- and three-station coverage, 
respectively. For three-station coverage, due to a most 
favorable geographical distribution of stations, the detec-
tion capability is better in winter (30 - 40 Pa) than in 
summer (80 - 100 Pa). The source coverage of the AMT 
station located in Italy, 640 km to the North of Etna, 
largely contributes to this impact. 

Continuing such studies would help to enhance net-
work performance simulations leading to substantial im-
provements in infrasound monitoring of remote volcanic  

regions. By incorporating time-varying station noise cal-
culations, realistic atmospheric specifications and an op-
erational monitoring of the state-of-health of the meas-
urement system, the performance of any infrasound net-
work could be evaluated in near real-time. Ongoing re-
search on infrasound propagation may also lead to more 
realistic attenuation relations by using full-wave simula-
tion methods and range-dependent atmospheric profiles. 
Additional work is thereby needed to validate simulation 
models using well calibrated explosion experiments as 
well as repeating sources. In particular, accurate com-
parisons between near- and far-field recordings from 
well-instrumented volcanoes would provide a statistical 
approach for testing the proposed attenuation relations. 
Moreover, considering specific regions of interest, the 
network design could be optimized by selecting a set of 
appropriate array locations ensuring detection with a 
minimum coverage of two stations throughout the year. It 
is expected that the proposed modeling approach would 
help optimizing the design of the future ARISE infra-
structure coverage while considering its possible imple-
mentation into automated eruption detection systems to 
prevent eruption disasters and mitigate the impact of ash 
clouds on aviation. 
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