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project initiated after the Fourth Workshop on Volcanic Ash (Rotorua, New Zealand, March 2007) 
between VAAC Toulouse and the CTBTO IDC. 

1.5 As a consequence, the following conclusion was formulated: 

 Conclusion 6/25 — Use of infrasound data in support of the
VAACs 

That the ad-hoc working group consisting of the IAVWOPSG
members of France (Rapporteur), Australia, Canada, Japan and
the United Kingdom: 
 

a) pursue the development and testing of a prototype, real-
time “significant” eruption notification system for the
VAACs; 

 
b) pursue the collaborative work between VAACs and

CTBTO; 
 
c) report back to IAVWOPSG/7. 

2. PROTOTYPING INFRASOUND DETECTION NOTIFICATION 

2.1 From the operational point of view, in a similar way as it was developed by the CTBTO, 
the ARISE group is prototyping a notification system of possible volcanic activity based on infrasound 
observations. A script automatically queries the infrasound database and issues a bulletin of detections that 
are found to be possibly associated to the volcano activity (detected signal azimuth matching with the 
expected azimuth to the volcano). Mount Etna is used for setting up and testing the procedure. Within the 
framework of ARISE, the experimental detection bulletin will be sent for information to VAAC Toulouse 
starting in March 2013. 

2.2 The bulletin contains the listing of infrasound arrivals, with information on the signal 
features (e.g. detected time, signal duration, azimuth, frequency and amplitude) which may help estimate 
the eruption time and released energy. Information provided by national or international institutes about 
seismo-acoustic events reported in the volcano region is also indicated.  

2.3 The ARISE group will concentrate efforts on completing the current bulletin with 
information derived from atmospheric profiles, as described in the appendix, which would associate a 
confidence level to the results. Examples of products that could be added to the bulletin are the daily 
network performance and the confidence score calculated on each arrival based on realistic geophysical 
considerations (taking into account near real-time atmospheric conditions and wind corrections). 

3. USE OF INFRASOUND DATA BY VAACS 

3.1 The recent launch of the ARISE project has given a new impetus to the collaborative 
work that was initiated a few years ago between the CTBTO and VAAC Toulouse. Infrasound technology 
is bridging various communities from atmospheric science to volcanology and civil aviation. It is 
expected that the proposed modeling approach would help optimizing the design of the future ARISE 
infrastructure coverage while considering its possible implementation in automated eruption detection 
systems to prevent eruption disasters and mitigate the impact of ash clouds on aviation. 
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3.2 ARISE will provide advanced parameters that describe the dynamics of the complex 
atmosphere for a better understanding and modeling of it. The infrasound observations are dependent on 
the source mechanism but also strongly impacted by the nature of the medium in which infrasound waves 
propagate. By quantifying the perturbations due to the propagation, ARISE will help identify and 
characterize the infrasound events related to volcanic eruption with an increased level of confidence. The 
quality of the notification messages for volcanic eruptions is directly dependent on this confidence 
indicator which may regulate the ratio of false/true alarms in an operational monitoring system. 

3.3 A more complete description of the results obtained by the ARISE group on the analysis 
of infrasound data related to Mount Etna volcanic activity can be found in the appendix. 

4. COLLABORATION WITH THE CTBTO 

4.1 Due to a shortage of available human resources that can be dedicated to this issue at the 
CTBTO IDC, collaboration with VAAC Toulouse has not progressed in a significant manner during the 
last eighteen months. 

4.2 The CTBTO has continuously been expanding the infrasound network of the 
International Monitoring System (IMS) and as of January 2013, forty-five stations are certified and 
operational worldwide. With IMS data, the IDC produces automatic and reviewed products on a daily 
basis which may include volcanic activity. The CTBTO is investigating the possibility of distributing its 
restricted products to the VAACs in a timely manner to support their mission. 

4.3 The project is still proceeding and the Provisional Technical Secretariat of the CTBTO 
intends to send a letter to the secretary of the IAVWOPSG to provide the group with up-to-date 
information about the participation of the CTBTO in the volcanic ash eruptions detection issue. 

5. CONCLUSION 

5.1 In view of the foregoing, the group is invited to formulate the following conclusion: 

 Conclusion 7/xx — Use of infrasound data in support of the VAACs 

That an ad-hoc group consisting of … (Rapporteur), … and …: 
 

a) pursue the development and testing of a prototype, real-time 
“significant” eruption notification system for the VAACs; 

 
b) pursue the collaborative work between VAACs and the CTBTO; 
 
c) report back to IAVWOPSG/8.

6. ACTION BY THE IAVWOPSG 

6.1 The IAVWOPSG is invited to: 

a) note the information in this paper; and 

b) decide on the draft conclusion proposed for the group’s consideration. 

— — — — — — — —
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REMOTE INFRASOUND MONITORING OF MOUNT ETNA 

OBSERVED AND PREDICTED NETWORK DETECTION CAPABILITY 
 

(Commissariat à l’Energie Atomique (CEA/DAM/DIF, France), 
Department of Earth Science, University of Firenze (UNIFI, Italy), 

Centre National de la Cartographie et de la Télédétection (CNCT, Tunisia), 
Bundesanstalt für Geowissenschaften und Rohstoffe (BGR, Germany)) 

1. INTRODUCTION 

1.1 During IAVWOPSG/6 in Dakar, Senegal, 19 to 23 September 2011, presentations were 
given to introduce the European initiative titled ARISE (Atmospheric Dynamics Research Infrastructure 
in Europe) which aims to improve the understanding of the atmosphere using complementary sounding 
methods (infrasound, LIDAR and airglow measurements). The international collaborative project led by 
Commissariat à l’Energie Atomique (CEA, France) started in January 2012 for an initial duration of three 
years. One year after, the project involves more than forty institutes, including the Comprehensive 
Nuclear-Test-Ban Treaty Organization (CTBTO) which is a key partner/member of the Consortium and 
VAAC Toulouse which is part of the advisory committee. 

1.2 One of the components of the ARISE project comprises the monitoring of extreme 
events. Volcanic eruptions in Europe and African regions are powerful natural sources that may cause 
disturbances in the different layers of the atmosphere. These fluctuations are measured by ground stations 
and analyzed in order to find out parametric data that best characterize the atmospheric model profile and 
the volcanic source. A better understanding of the correlation between the eruption process and distant 
instrumental measurements may help to design the appropriate network and to provide useful information 
for a near real-time “significant” eruption notification system for the VAACs. 

1.3 The ARISE project provides continuity with the collaborative work that was originally 
undertaken by the CTBTO and VAAC Toulouse in 2008 to assess the usefulness of seismic and 
infrasonic data from the CTBTO observing network (International Monitoring System (IMS)) to IAVW. 
ARISE retains the same approach to search possible correlations between detected infrasound signals and 
reported eruptions. The project creates a new momentum by consolidating the analysis of the infrasound 
bulletins with the provision of a new flow of data from national stations in Europe completing the existing 
CTBTO network. As a new asset, ARISE introduces the parameterization of the atmosphere dynamics 
that drives the infrasound wave propagation and may help to better understand and link measurements 
with observations.  

1.4 The first ARISE objective which has been fixed is the assessment of the detection 
capability of the European infrasound network to remotely detect the eruptive activity of Mount Etna. 
This well-instrumented volcano offers a unique opportunity to validate attenuation models using 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. 

1.5 Mount Etna in Italy (37.73°N, 15.00°E; 3330 m high) is in Europe the highest and most 
active strato-volcano. Its current activity is typically effusive with explosive episodes and lava 
fountaining, with often large ash ejection in the atmosphere affecting nearby cities and local air traffic. As 
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infrasound observations at IS48 and near-field recordings shows that when favorable propagation occurs, 
a minimum average amplitude of ~10 Pa peak-to-peak at ETN is necessary to detect signals at IS48. 
Under upwind scenario, this threshold increases up to ~100 Pa.  

4. SIMULATING THE NETWORK PERFORMANCE 

4.1 The main objective of this study is to assess the potential of the European infrasound 
network to monitor Etna by analyzing near- and far-field recordings from 2008 until now. In order to 
calibrate the network, frequency-dependent attenuation relations are integrated into a propagation 
modeling technique. 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 dynamic structure of the 
stratosphere. We evaluate the performance of the existing IMS network and quantify its improvement by 
adding experimental stations part of the future ARISE (Atmospheric dynamics Research InfraStructure in 
Europe, http://arise-project.eu/) network.  

4.2 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. In order 
to quantify the infrasound network detection capability in high spatio-temporal resolution, a frequency-
dependent numerical modeling technique coupled with realistic station noise and atmospheric 
specifications has been considered.  

4.3 To simulate the detection capability of the existing infrasound network and quantify its 
improvement by adding more arrays, we predict the smallest signal attenuation at any source location. By 
combining broad frequency band information and realistic time-varying station-specific noise conditions, 
we further evaluate whether the signal is confidently detectable above the noise level by one, two and 
three stations. Results are presented at the following central frequencies: 0.1, 0.2, 0.4, 0.8, and 1.6 Hz.  

4.4 Figure 3 compares the European geographical coverage 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 network. The predicted 
network performance follows the general stratospheric wind circulation and provides here a good 
description of the global seasonal oscillation of the dominant zonal wind component. In January, sources 
generally located west of the station are detected with thresholds 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 with a ~10 Pa threshold whereas in 
January, the minimum detectable amplitude increases up to ~80 Pa. When incorporating the experimental 
arrays, detection thresholds remain unchanged in July since no station has better source coverage than 
IS48, while in winter, thresholds decrease down to ~20 Pa due to the siting of AMT relative to Etna. 

4.5 Figure 4 presents the minimum detectable signal amplitude with three-station coverage 
with and without the experimental arrays. Three-station coverage offers the advantage of reducing the 
false alarm rate through redundant station detections, and improving location accuracy. 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 capability of Etna decreases from ~80 to ~40 Pa, while in July, the 
geographical coverage of the thresholds does not noticeably change. 
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5.3 ARISE will concentrate the efforts on completing the current bulletin with information 
derived from atmospheric profiles, as described in this document, which would associate a confidence 
level to the results. Examples of products that could be added to the bulletin are the daily network 
performance and the confidence score calculated on each arrival based on realistic geophysical 
considerations (taking into account near real-time atmospheric conditions and wind corrections). 

6. SUMMARY AND CONCLUSIONS 

6.1 Using quasi-permanent signals from Mount Etna, a frequency-dependent modeling tool 
has been used to assess the performance of the European infrasound network to monitor its eruptive 
activity. The simulation results highlight the strong influence of the source frequency and short time scale 
variations of stratospheric winds on the network detection capability.  

6.2 The predicted detection thresholds of the existing network are in good agreement with the 
measured signal amplitude near Etna. With the IMS network only, in summer, Etna is well detected by 
IS48 with a minimum detectable amplitude of ~10 Pa, while in winter, thresholds increase up to ~100 Pa. 
From October to April, as the result of the daily meteorological variations in the ECMWF model, 
thresholds are highly variable. 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 detection 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. 

6.3 Continuing such studies would help to enhance network performance simulations leading 
to substantial improvements in infrasound monitoring of remote volcanic regions. Additional work is 
thereby needed to validate simulation models using well calibrated explosion experiments as well as 
known repeating sources. In particular, accurate comparisons between near- and far-field recordings from 
well-instrumented volcanoes 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.  

6.4 The recent launch of ARISE project has given a new impetus to the collaborative work 
that was initiated a few years ago between the CTBTO and VAAC Toulouse. Infrasound technology is 
bridging various communities from atmospheric science to volcanology and civil aviation. It is expected 
that the proposed modeling approach would help optimizing the design of the future ARISE infrastructure 
coverage while considering its possible implementation into automated eruption detection systems to 
prevent eruption disasters and mitigate the impact of ash clouds on aviation. 

6.5 ARISE shall provide advanced parameters that describe the dynamics of the complex 
atmosphere for a better understanding and modeling of it. The infrasound observations are dependent on 
the source mechanism but also strongly impacted by the nature of the medium in which infrasound waves 
propagate. By quantifying the perturbations due to the propagation, ARISE shall help to identify and 
characterize the infrasound events related to volcanic eruption with an increased level of confidence. The 
quality of the notification messages for volcanic eruptions is directly dependent on this confidence 
indicator which may regulate the ratio of false/true alarms in an operational monitoring system. 

 
— END — 


