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O Distribution of IMS infrasound arrays and
*International Monitoring System operated by CTBTO

volcanoes (triangles) that had activit
( g ) y (Comprehensive-Nuclear-Test-Ban Treaty-Organization)

during the last 10,000 years. For each
volcano, the distance to the nearest IMS

infrasound station is colour-coded

O Multi-year continuous quality recordings

= 2100

- 1300

O Global coverage: median distance from
any volcano to the nearest IMS

infrasound array is ~980 km

g
Km from nearest array

"
g

O Mean travel time of ¥55 minutes
assuming an isotropic propagation with a

celerity of 0.3 km/s

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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Development of a Volcanic Information System (VIS*)

The synergy CTBTO / ARISE (Atmospheric dynamics Research InfraStructure in Europe,
H2020 project funded by EU 2015-2018; http://arise-project.eu) offered a unique
opportunity for the VIS establishment using infrasound data from a global station network

= ARISE advanced products provide valuable parametric inputs on the
atmosphere dynamics that drives the infrasound wave propagation

= CTBTO brings its operational infrastructure to support dissemination of
information to VAACs through the VIS

* The proposed approached is tested with VAAC Toulouse, mandated by the
ICAO, to demonstrate the usefulness of infrasonic data to International
Airways Volcano Watch

*Prototype system has been developed within ARISE H2020 EC"gfojsct
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O OnJuly 3@ and August 28, two paroxysms
with significant volcanic ash emission

O More infrasound station operating (4 IMS +
national arrays, up to 3700 km) VY

L Broadband seismic stations part of the Italian
National Seismic Network (INGV) @
Main objectives

d Added-value of dense seismo-acoustic
network for source location and
characterization

L Assess atmospheric / propagation models

L Potential benefit to improve operational
monitoring methods / societal impact

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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i Volcanic Ash Advisories (VAAS) & ~iDLLY

STROMBOLI - 2079-07-03 17:00 utc

WA ADVISORY

DTG: FH190TO3/1TEDZ

WAaACD  TOULOUSE

WOLCAND: STROMBOLI 211448

PSN:  MIE34T7 ED151Z

AREA:  ITALY

SUMMIT ELEW: S924M

ADWISORY MNR: 2013/01

THFO SOURCE: THNGY WEBCAM, SAT IMAGERY
AVIATION COLDUR CODE: NIL

ERUPTION DETAILS: EXPLOSIVE ERUPTION OCCURED AT 14487
GBS WA DTG: 2317002

L The explosive episode released an eruptive column that
reached ~5 km height

Alert sent to the Civil Protection
For the July eruption (14:45:43), first VAA issued at 17 UTC

Remote arrays would have been delivered ~45 minutes after
July, 34, 2019 the eruption

OO0

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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== Long-range propagation modeling

July 3rd 2019 U 2D-PE simulations are run in a 360°
‘ -30 circular pattern with a step of 0.1°
to identify multi-directional ducting

O ECMWEF HRES IFS cycle 38r2 +
Gardner gravity wave model (1993)
to account for unresolved
atmospheric perturbations

U Favorable stratospheric ducting
westward

Attenuation [dB]

U Least square fit between modeled
and observed attenuation values

U0 The minimized quadratic
difference occurs for a source
amplitude of ~1500 Pa

Y
Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO N N
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Long-range propagation modeling

Normal mode 3D—ray—tracing

PARC - 504k — 336

SSFA - 555km - 339

ATFO - 555km — 337

ARCI - 550km - 326
MURB - 546k - 336
MGAB - 527km — 331"
ASSB - 519km - 336

LATE - 513km - 327

NRCA - 483km - 339"
FIAM - 425km - 336

FAGN = a10km - 341"

PTQR - 390km - 337"
LPEL - 372km - 347
VLD - 368km - 339
POFI - 349km - 339"
TAIV - 335km - 3517

MIDA - 327km - 346"

CIGN - 319km - 355

VAGA - 303km - 344"
SAGR - 263km - 352"

MOGO - 287km - 369"
PIGN - 282km - 347"
PSBY - 272km - 353"
VITU - 270km - 350
MRE1 - 260km - 355"

PAOL - 256km — 348
CAVT - 248km - 241"

CFMN - 246km - 337"

I0CA — 245km - 333"
CPOZ — 244km — 338"
COLB - 243km - 338"

VULT - 243km - 8
CRTO - 206km - 344"

VCRE - 235km - 344"
VTIR - 234km — 343

CRJA - 222km - 2417
MGRV - 221km - 359

MALC - 220km - 6

FAVR - 217km — 219
‘CORL - 184km — 2407
CDRU - 18%km - 2
GPTP = 179km - 211’
USI - 177km - 268"
ALJA - 172km — 228"
WAE - 165km - 207"
GAGR - 144km - 206°
PETRA - 143km - 223"
NOV - 85km — 185’
IACL - BOKm — 248"
MPNG - 72km - 170’
IFIL = 61km - 246~

Disclaimer:
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Data

July eruption ¥

July eruption iy
Simulation
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d Seismic waveforms recorded at INGV
stations (0.5-2 Hz)

O Simulations accurately predict ground
footprint of stratospheric arrivals (A%5 §)
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o Grid search source location 4, CTBTO
Poster No.: \
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O Reverse Time Migration method (Walker et al, 2013) 10k 12°E 14°E 16°E 19E. 20

 Sum squared errors (SSE) <5 s Ellipse error using 6 IMS stations
O Location errors: ~30 km using IMS stations / ~1.5 km with INGV network  (€/0550¢arn9)

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO b N
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7 Volcano notification to VAAC &y . DIy

Issuance of the VAA from
Toulouse VAAC

¢

O Infrasound Parameter (IP) used to characterize the eruption
persistency and magnitude.

IP=N,4,xA,, (Marchetti et al, 2019)

N, : ratio of detections duration over time interval

I
I
I
I
I
I
I
I
: A,, : pressure amplitude @1 km of the source, inferred from far
I

I

Source to receiver distance [km]

500 | field observations; discard strongly attenuated signals (>110 dB)
AM Ll ,‘ﬁ ﬁ (Le Pichon et al., 2012)
1S48 |
1000 OHP :
T \ : O For the ngy 3"d eruption, a notification based on infrasound
15001 ! | observations at 1S48 precedes the VAA by 105 minutes
CEA N :
0 4000 8000 12000

Relative time [s]

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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U Outcomes

= Integrating data from dense regional infrasound arrays and seismic network lower response time and
improve location: location error is ~¥30 km using IMS station only and reduces to ~1 km using the Italian
seismic network (At<3 s in origin time)

= Exploiting the synergy between complementary networks is useful to develop at a low-cost efficient
monitoring systems for disaster prevention or mitigation

= VIS notifications often raised before VAAC alerts: collaboration on VIS is an asset for ARISE (research) and
ICAO/WMO (civil application, safety) communities

O Future work

= Best design of dense array to improve infrasound monitoring methods (location, characterization)

= Calculate the source magnitude from local/regional seismic measurements (air-to-ground coupling) to
estimate the acoustic energy

= Evolve from prototype system to near real-time alert system: improve the reliability of the notifications,
reduce false alarms rate

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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