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Volcanological and Seismological Observatories (VSO) of IPGP
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Missions of the Volcanological and sismological observatories (VSO) of IPGP (established in 1973)

. Operate observation/monitoring networks to establish a baseline
(reference) level of activity for hazardous active volcanoes, based on long
multi-parameter time series.

. Monitor evolution of the baseline and detect changes in behavior, trends

. Determine activity levels and analyze the evolution of phenomena in terms of
system criticality, ("thresholds", "precursors")

. Evaluate conditional probability of occurrence of surface phenomena,
given the signals recorded and their links to the volcano's internal variables

. Transmit to the authorities in charge of civil security, scientific alerts on
observed phenomena and possible evolution scenarios.

. Contribute to knowledge leaps via fundamental research on volcanic
systems

. Disseminate regular information and knowledge to all stakeholders and the
general public, with the aim of raising awareness and preventing risks.
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Service National d’Observation en volcanologie (SNOV)

Service national
d’observation

A# en volcanologie
Observatoire P
‘de Physique du Globe

deClermont-Ferrand

To acquire data describing the formation, evolution and variations
of astronomical systems and terrestrial environments, INSU of

CNRS creates and evaluates national observing services (SNO),
which implement observing systems over several years, or even
decades and distribute data to the community.

These SNOs provide a service to the community to advance
knowledge. The SNOs are grouped into «National Actions
Nationales for Observation» (ANO) in each of INSU's major fields.

The IPGP Grand Etablissement contributes by mandate to the
operational science (observation / monitoring), the human
resources and funding of various SNO'’s, including via its VSOs.

Leader : Jean-Christophe Komorowski (IPGP)
Co-leader : Séverine Moune (OPGC, LMV, UCA)

Actions nationales d’observation de I'INSU
Services Nationaux d’Observation

[ OA SIC S
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Figure 1 : Organisation actuelle des SNO de I'INSU et des regroupements en ANO. Les couleurs se référent aux
thématiques concernées.

CNRS-INSU - Services Nationaux d’Observation : Note de cadrage, 13 janvier 2016
p.4/10




2¢me rencontres Epos-France 17-20 novembre 2025, Séte

Coordinating scientist-in-charge:
J-C Komorowski (PHY, CNAP) since 2016

Operational engineer-in-charge:
J-M Saurel (IR, CNRS) since 31 May 2021
A. Lemarchand (IR, CNRS) 15 years til 30 May 2021

Permanent Paris OVS staff FTE Observation 100%:
A. Lemarchand, IR

P. Sakic, IR

S. Bonaimé, IR

Number of FTE for Observation
Volcanological and sismological observatories on 31-12-2022

m OVPF m OVSG m OVSM = Paris OVS (excluding REVOSIMA) - REVOSIMA (OVPF+Paris)

Les Observatoires volcanologiques et sismologiques de I'lPGP

H P))A\
uman ressources ))‘/;\

OVS Total (Excluding
REVOSIMA)

Maximum number persons 72
Total FTE observation 43,55
% FTE by CDD engineers+technicans 21

2022
2017-2022:

65 + 10 [49-73]
42,74 + 5,78 [33-44]

IPGP Paris
VSO:
9 FTE (21%)

Overseas
VSO:
35FTE
(79%)

Age pyramid proxy - Permanent staff
excluding REVOSIMA: As of 31-12-2022:

* Deceased: 1
* Emeritus: 1
* Will retire before 2027: 4

27 staff from
different
teams

45 staff

VSO: Yearly FTE Observation
2017-01--01 to 2022-12-31

e |ncluding REV OSIMA Excluding REVOSIMA

/

2018 2019 2020 2021
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Observatoire volcanologique du Piton de la Fournaise (OVPF-IPGP)

Director Scientist-in-charge : A. Peltier (PHY, CNAP)
Deputy Director : P. Kowalski (IR)

Technical directors: C. Brunet (IR) and F. Lauret (IE)

OVPF (excluding

REVOSIMA)
Maximum number persons

Total FTE observation
% FTE by CDD

2022

La Réumon’ - | REVOSIMA

Researchers
(IPGP+CNRS, including
short-term mobility)

m Engineers
(IPGP+CNRS)

m Technicians (Local
agency)

Administrative
(IPGP+CNRS)
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Observatoire volcanologique et sismologique de Martinique (OVSM-IPGP)

Short-term Directors — Scientist-in-charge : A-M Lejeune (2018-2020),
F. R. Fontaine (2020-2022)

Interim Directors — Scientist-in-charge (CNAP), 2022-09 - 2024-07-01 : J-B de
Chabalier, F. Beauducel, G. Carazzo, J-C Komorowski, C. Aubaud, J. Corbeau

New recruited long-term Director — Scientist-in-charge on 2024-07-01 : J. Vergne
(PHY CNAP, moved to IPGP from IPGS Strasbourg)

Deputy Director — Deputy Scientist-in-charge: J. Corbeau (PHAD CNAP)
Technical Director (CDD): A. Andrieu (IE)

Researchers
(IPGP+CNRS, including

T

(IPGP+CNRS)

2022 OVSM
Maximum number persons
Total FTE observation I = CDD Engineer
% ETPT by CDD 8% (IPGP+CNRS)
m Technicians

(1902) (IPGP+CNRS)
1935-2018

m Technicians (Local
agency)

Administrative
(IPGP+CNRS)

m CDD Administrative
(IPGP)

6/43
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Observatoire volcanologique et sismologique de Guadeloupe (OVSG-IPGP)

Director / Scientist-in-charge :
l. Vlastelic (DR CNRS) since 2022-08 — 20-12-2025

C. Berthod (PHAD) starting on 20-12-2025

Operational assistant director: S. Deroussi (IE)

Total FTE observation 2022
% FTE by CDD

Total Nb CDD (short-term contracts)
Maximum number persons

Researchers (IPGP+CNRS,
including short-term

=SB ¥R t-doc apaP)

m Engineers (IPGP+CNRS)

m CDD Engineer (IPGP+CNRS)
m Technicians (IPGP+CNRS)
m CDD Technicians (IPGP)

m Technicians (Local agency)

Administrative
(IPGP+CNRS)
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Excluding REVOSIMA, the VSO of IPGP : main contributor (72 staff) to the National Human resources
service for observation in volcanology of CNRS-INSU (SNOV) (105 staff) with the
OPGC of Univ. Clermont Ferrand as the 2" main contributor

72 staff = 60 permanent contracts + 12 short-term contracts (CDD, 17%)

28 permanent researchers include 20 CNAP + 6 CNRS’ 1 IRD +1 Univ OVS staff turnover per categories including new permament staff for

new Mayotte national structure REVOSIMA (2 researchers, 4 engineers)

Researchers contribute from 27 to 50% of their full time to observation
RESEARCHERS ENGINEERS+TECHNICIANS ENGINEERS+TECHNICIANS
. . . . iy . PERMANENT PERMANENT RESEARCHERS CDD cDD
Strong turnover especialy for coordinating leadership position (Director and

Technical directors in Guadeloupe and Martinique; engineers and technicians, the
technical director at OVSM and IT computer engineer at OVSG)

With intense efforts in 2022 and support from CNRS and MESR, staffing of the
VSO is improving significantly in 2023 with:

v" New permanent administrative manager (CNRS) at OVSG since June 2023

v" New permanent IE (CNRS) in geochemistry opened at OVSG in October 2023

v" New short-term 3 year IE position OVSG (CNRS) tenure-tracked permanent post
v" New short-term 3 year IE position OVSM (MESR) tenure-tracked permanent post

v In 2024, with strong support of MESR, a similar 3 year IE position tenure-tracked to ¥
permanent post will open of OVPF (La Réunion)

Arrived = Departed

» Trend of increasing CNRS researchers in overseas VSO (1 OVSG; 2 OVPF)

REVOSIMA (not an IPGP VSO): new national structure in charge of the Mayotte volcanological and sismological monitoring network = an
unprecedented effort by MESR to create in 2021 6 new positions at IPGP (2 EC, 4 IE/IR) with 1 EC + 3 IE at OVPF and 1 EC and 1 IR in Paris.
REVOSIMA is hosted and operated by IPGP with A. Peltier, Coordinating operational scientist-in-charge in co-leadership with L. Sadeski
(BRGM Mayotte) and partnership with BRGM, Ifremer, CNRS and associated universities). The REVOSIMA staff contributes new expertise, skills

and capacities for some of the VSO activities and vice versa. 8143
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TOTAL BUDGET OF VOLCANOLOGICAL AND SISMOLOGICAL OBSERVATORIES OF IPGP - 2017-2022 EXCLUDING 2500000
SALARIES (TOTAL= 11 300 363 €) and EXCUDING REVOSIMA OPERATIONAL BUDGET

1500000

Regional elected
assemblies Recurrent
non-competitive (yearly
proposal); 293 000,00;
3%

IPGP Exceptional Non-
competitive (CNRS, o
2018 2019 2021

IPGP, autres); = IPGP Exceptional Non-competitive (CNRS, IPGP, autres) 292 000 ) ) )
« 0, it MTES, INTEI
379 600,62; 3% iRcHlCGonpetitivel (AONIPGEIMIES IINTERRECS 1410676 1765100 1572045
contracts+services)

» Regional elected assemblies Recurrent non-
D GO 68250 39000 39000 39000
CNRS Recurrent non-competitive (yearly proposal)

IPGP Competitive (AO IPGP, MTES, INTERREG, T
N (SNOV+RESIF+RAP)
contracts+services); 7 618 289,88; 67% PGP itive (yearly T A8 000

233627 271500

258 000 258 000

Excluding salaries, total funding for 3 VSO for 2017-2022 (excluding REVOSIMA) = 11,3 M€ = 1,88 M€ / year for 3 VSO -> ~0,627 M€ / VSO /
year with 67% from competitve funding (MTES, INTERREG, EU, ANR, CNRS-INSU)

Total operational costs 3 VSO (excluding REVOSIMA) = 30,05 M€ 2017-2022
with 63% for human ressources, 12% from recurrent funding and 25 % from competitive funding

Total IPGP contribution = 70% of the total of 30,05 M€
Average yearly budget of 5 M€ for all 3 VSO (OVSM, OVPF, OVSG) for 2017-2022 period including salaries, excluding REVOSIMA

Average yearly budget of 1,7 M€ per observatory including salaries

Comparing the previous HCERES evaluation of 2012-2017 with 2017-2022 period: the total budget increased by 9% (+ 2,49 M€)
although there is some uncertainty and 2012-2017 budgets were likely underestimated
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Observatory policy

« 2017-2022: VSO faced several unprecedented major challenges for monitoring, understanding and F
scientific management of volcanic activity in the context of the COVID pandemic:

v" Prolonged and increasing unrest at La Soufriere of Guadeloupe, 27 April 2018 M 4.1 Eq
(largest since 1976) & aborted phreatic eruption

v" New unrest began in 2019 at Montagne Pelée -> recommendation by IPGP to Préfet to increase
the level of volcanic alert to Vigilance (Yellow) on 04 December 2020

v Reactivation Mayotte volcanic zone after several milenia of inactivity -> birth in July 2018 of

1783 Laki and largest effusive submarine eruption ever documented -> creation, structuration, —
implementation, operation of new monitoring network REVOSIMA national structured hosted at
IPGP and operated by IPGP and BRGM with CNRS and Infremer

v' 19 eruptions of Piton de la Fournaise

v Devastating hurricanes Maria and Irma (Guadeloupe 2017), and Batsirai and Enmati (La Réunion
2022, Chido (Mayotte, 2024), Garance (2025) that impacted the observatories and the network

Montagne Pelee

. . . iees . : : _ © OVPF/IPGP; 2019-07-29
VSO role goes well beyond observation since scientific teams provide expertise, give early ascending

warning to authorities (Caribbean Tsunami Warning System, UNESCO), Préfecture and EMZ, civil ~_ Mayotte, MAYOBS25, Sept 2023
aviation (VAACS, VONA messages protocole), open information outreach strategy

Training periods for 100 bachelor and Masters (1-6 months in OVS), Master observatory field
course, 5 postdocs supervised in VSO overseas and 6 PhD students

Tutoring program of geoscientists in Haiti, Djibouti, and Comoros part of long-term partnerships
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Scientific productivity (2017-2022) .

Projects involving VSO researchers:

Number of publications of the VOS per author and
publication categories

ISI WOS 1ST BOOK CHAPTERS ISI WOS 1ST BOOK CHAPTERS
AUTHORS 1STAUTHORS  AUTHORS WITH 1ST AUTHORS
RESIDENT VSO + AUTHORS VSO NOT WITH VSO NOT
IPGP/REVOSIMA RESIDENT VSO + RESIDENT + VSO RESIDENT + VSO
IPGP/REVOSIMA  CO-AUTHORS CO-AUTHORS

Publications of the VOS 2017-2022 by theme

General unrest and
monitoring techniques

Hazards
evaluation/modeling

B Monitoring and unrest at
other volcanoes of the
World

B Other monitoring topics

6 publications in high-ranking journals
(Nature, Science, Science Advances,
PNAS, Geology)

6 publications in the full open-access
peer-reviewed journal VOLCANICA

Among total of 209 publications, 14
where first-authored PhD + MS
students mentored by VSO staff

Publications of the VOS 2017-2022

by topic region
Piton de la Fournaise

m Other topics, La
Réunion
Soufriére de
Guadeloupe

Montagne Pelée
Lesser Antilles arc

N Mayotte

ANR RAVEX 2016-2020

ANR SlideVolc 2016-2019 PI
ANR LAVA 2016-2021 PI. Co-PI
ANR DIAPHANE 2014-2018
ANR STRAP 2014-2019

ERC SLIDEQUAKES 2014-2018
H2020 EU EUROVOLC (2018-2021)
ANR MEGAMU 2019-2022

ANR MYGALE 2021-2024
INTERREG PREST 2017-2020 PI
INTERREG HATARI PI

AN N N N N N NN NN

Contributed to the revision of the volcan response
plans (ORSEC, Préfecture): Guadeloupe 2018;
Martinique 2022; Fournaise 2021

Elaborated volcano eruptive scenarios, contributed
and acted in the volcano crisis exercises by the
Préfectures: Guadeloupe: 2019, 2021; Martinique:
2022; Fournaise 2021 (ANR LAVA)

New IPGP volcano expert committee (CEV) met 3x
in 2022 to review volcanic activity + advise IPGP
Director on scientific response to unrest at
overseas volcanoes monitored by IPGP.
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VSO collaborations

« SNOV:

OPGC-UCA, ISTerre-
OSUG, IPGS, GET-OMP,
Géoazur-OCA, OSUC

All SNO’s of Solid Earth
(INSU-CNRS) see
previous slide 7

ESEO

IRD

Les Observatoires volcanologiques et sismologiques de I'lPGP

Volcanic Systems
Seismology

Dynamics of geological fluids
Geodesy

Marine geosciences

Tectonics and mechanics of
the lithosphére

Geochemistry of stable
isotopes

Geochemistry of external
enveloppes

Geomagnetism
Planetology and space science

Cosmochemistry, astrophysics
and experimental geophysics

BRGM

EOS (Singapore)

INGV

USGS HVO, CVO

CVGHM - BBPTK Indonesia
Montserrat Volcano Observatory (SRC)

Seismic Research Center (Univ West
Indies, Trinidad)

KNMI : The Royal Netherlands
Meteorological Institute (KNMI)

Karthala Volcano Observatory (CNDRS,
Comoros Republic)

Observatoire d’Arta (Djibouti)
Earthquake Research Institute, Tokyo
CENAIS, Cuba

Funvisis, Venezuela

Université d’Etat, Haiti

Bureau des Mines, Haiti
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Organization and life of the observatory

» Activity spread on 4 locations (3 time zones)
Paris (IPGP, REVOSIMA coordinating unit)

La Réunion island (OVPF, REVOSIMA
operational unit)

Martinique island (OVSM)
Guadeloupe island (OVSG)

« Similar organization in each observatory
+ Scientific staff
* Engineering staff
« |T staff
* Administrative staff

TIME ZONE M
ORLD

* Yearly on-site meetings between IPGP and local
observatory staff and local stakeholders
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Collaboration and coordination RESANA | [EE====an ) 2 e
‘/ DedICated Onllne tOOIS RESANA, CITADEL, mall IlStS Rechercher un espace Vv Trier par onglet % VMesarchives
el

Weekly video-conference g
Frequent field missions between different sites - 1
Directors are members of the COPIL of SNOV gl

Documents

Directors and Engineer in charge are members of the
Volcanology Expert Committee (CEV) of IPGP (2-3 ) FT0
meetings/year)

v WOVO IAVCEI best practices

Acquisition GNSS MalrieduPrechetr= OUTRE-MER / SECURITE
OVSM/IPGP. CIVILE

Recette technique OSEAN

Budget tracking
v" Collaborative spreadsheets
v" Mutualized access to budget lines

24/7 duty

v Cellphone alarms based on automatic parameter
threshold detection algorithms

Remote access to WebObs and monitoring tools . - e
Re-inforced permanent duty during eruptions

Standard operating procedures (SOP) and crisis
protocols e WebObs

Yearly crisis exercises with the Préfecture and EMZ

17 2023 (day 321, week 46)
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WebObs : 20 years of development at the center of the volcano observatories

2022 : MESR open science prize
2023 : CNRS-INSU solid earth science community code label

Article WebObs (open access) :
Beauducel et al., Frontiers, 2020

Beauducel et al, Frontiers, 2020
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Observations Main results and output (2017-2022)

Piton de la Fournaise Seismic and GNSS networks
v 18 eruptions upgrade in Guadeloupe and

. : Martini
v/ 8 magmatic intrusions artnique

3 Sensor development
Soufrlgre de Gua.deloup.e (geochemical, borehole, optic-
v’ Failed phreatic eruption based)

v' 2 weak ash projections / emissions

v Permanent multiparameter unrest _ ,
Operational data processing and

modelling
Montagne Pelée

v Non eruptive multiparameter unrest Development of new

methodologies for volcanic
Mayotte systems imaging
v Fani Maoré submarine basaltic eruption

v Non eruptive multiparameter submarine unrest ner Mayotte
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Monitoring networks : permanent stations = 276

, A - . (V)
Seismology and deformation : 81% IPGP OVS Total telemetered monitoring stations by dis-
v ~140 seismic stations cipline (Excluding REVOSIMA) 31-12-2022

v ~90 deformation stations

1. Seismology

* Geochemistry : 7% (~16 stations) w Deformation

v’ Passive soil degassing | ., Geophysical

imagery

v Fumaroles
v Hydrothermal waters

w Environmental
.. Geochemistry
Other
* Other : 13% (~30 stations) Camera
v' Cameras
v Weather

v Phenomenology
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Monitoring networks : reiteration stations / measurement sites = 580

* Geochemistry : 57% (~250 sites) o I . .
v . IPGP OVS Total reiteration monitoring stations by dis-
Manual sampling cipline (excluding REVOSIMA) 31-12-2022

133
» Deformation : 42% (~200 sites)
v’ Yearly measurements in the Antilles
v" After each eruption in La Réunion

» Seismology : 31% (~130 sites)
v Includes nodes temporary experiments

drophone SOFAR
m Deformation
Other+Camera
Geochemistry
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Quantitative data: -> voir présentation REF2025 de J-M Saurel on 2025-11-21

Data available from : Data available from :

« |PGP datacenter  |IPGP GLASS node

« Epos-France datacenter » Epos-France GLASS portal
« EPOS data portal « EPOS data portal

Seismic and geophysical data Geodetic data

150.0  m Archived (To) W Archived (Go)
i W Distributed (To) i l 3000 ™ Distributed (Go)

2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023
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Innovative instrumentation

Optical seismometer for harsh conditions
» Soufriere fumaroles
* Les Saintes sea-bottom

» Development in collaboration with Seismology
team

Tiltmeter calibration bench
e (Calibration of low-cost sensors

Portable multigas sensors
* Fumarole flux estimations

UAV adapted sensors and instrumentation

(P6le Drone, IPGP, leader S. Bonaimé)
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« GETS : light-weight geochemical analyzer _
* 9 chemical species >
« Particle monitor ) @ (| o €
« UAV ready wesoorrt Drerer '

broadcast

2 (—§.

@)

~

GAUGES

CONPIGURATION

EUROVOLC
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» Borehole instrumentation package
High resolution tiltmeter (nanoradian)
Low-drift tiltmeter (microradian)
Pore-pressure sensor
Conductivity
Thermal flux sensor

Ready for Fiber-Optic based
MEERNIGEINERIS

D(040:1)

Reduced environmental influence

Increased signal to noise ration for
detecting early precursory signals

Reduced surface installation
Increased robustness

22/543
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National structure hosted at IPGP and operated by OVPF-IPGP and BRGM-Mayotte
with partnership with IFREMER and CNRS.
« HALIOS Ocean Bottom Seismometer (@OSEAN)
Chip-scale atomic clock Transpendeur
Acoustic modem o Hydrophone
Sphére locdlisation ¥ e T

Broadband seismometer

Absolute pressure gauge

* Enhanced monitoring capabilities

Events data collection through acoustic
communication every 2 weeks

6 months no-drift clock

+ Ready for cabled real-time operation

Ifremer @
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Development of operational tools

g l Activation

Liberté Egallte * Fraternité ﬁ O RS E C

REPUBLIQUE FRANCAISE

PREFECTURE

 More and more data available in observatories

- Continuous 24/7 instrumental monitoring

- Automatic and rapid monitoring tools are needed to detect unrest and eruptive precursors and help

scientists to trigger ascending alerts
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Several state-of-the-art analysis tools were developped in the IPGP VSO

Piton de la Fournaise

* For seismology REVOSIMA: Mayotte
55.7° 55.I71° 55.|72°

Data request ; -

RAE55
30 s window (15 s overlap) ¥z
Seedlink, WaveServerV puzI

MTSB

FDSN dataselect, disk files e : , 1000 —

012345678910
Time (days)

2000 . - . - 2000

-21.25°

Latitude

|
-
N
©

L

Phasenet ez
Phase identification e

MTSB T

and picking nase2 - o . 453 454 455 456 45 3000 - ; E u L 3000

and files count

1Picks extraction S Lh

0 40 4000 b S by L 4000
Earthworm 20 ] '

Association of picks from all stations
Event identification

Location " Time (hrs)

0 10 20 30f

§ _ A [ §
6000 ot - 6000

SeiscomP3 ey S 7000 ¢ : E 1 G - 7000

Magnitude calculation - Manual origin " ; ] 3 ] 4 [

Multi-origin catalog - SeisComP3 ] ' ' .
T T

s T T T rrTrTrTTTTTT T T T T T T T T T T T rTTTTTTTT T T T T T
=FhsseWonn ») 453 454 455 456 -1500-1000-500 0 500 ~ -1000-500 O 500 1000
st Longitude Along E-W distance (m Along N-S distance

5000 - 5000

Depth, km

Artificial Intelligence based phase detection Retailleau et al., 2022b Template matching detection
and recognition (e.g. Retailleau et al., 2022a) (Lengliné et al., 2016) 25/43
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Several state-of-the-art analysis tools were developped in the IPGP VSO

JERK RER: “Tvirede st - Goscape” & b= a) Jerk signal detecting transitory low
: : — ' [ frequency ground movements associated
with dyke propagation at shallow depth
before the 19 Sept 2022 eruption, Piton
de la Fournaise (precursor, ~100%
eruptions preceded by JERK signal few
— tens of minutes before an eruption)
s | (Beauducel et al., in prep);

L X-UTM (km)

' I A g o Mo ol - Relocalized hypocenters of main classes
- o w2 0921 w22 Soufriére de Guadeloupe ;

R T o A of volcano-tectonic earthquake repeaters

T o~ T e 2021-01-01 to 2022-12-31

R U Newen  Lwusyamemienm below La Soufriéere de Guadeloupe,
| | SR RS initially detected by template matching

@ ; ? (Pantobe et al., 2021);
Montagne Pelée -

Piton de la Fournaise

-
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2021-01-01 to 2022-06-14 ' Relocalized hypocenters of main classes
of volcano-tectonic earthquake repeaters
below Montagne Pelée (Martinique)
initially detected by template matching
(Burtin et al., in prep).

Depth (m)
@
(=]
o o
1 1

T T T
1500 2000 2500
Relative distance (m)




2¢me rencontres Epos-France 17-20 novembre 2025, Séte Les Observatoires volcanologiques et sismologiques de I'lPGP

- For geodesy Piton de la Fournaise - For geochemistry Soufriére de Guadeloupe
All analyses performed at the OVSG
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source modelling (Beauducel et al., 2020
9 ) Origin and process from fumarole gas ratios (top:

Moretti et al., 2022; bottom: Moune et al., 2022)
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2 examples of OVS research results with implication for crisis response

communications earth & environment

Matrix imaging as a tool for high-resolution
monitoring of deep volcanic plumbing
systems with seismic noise

|®] Check for updates

Elsa Giraudat', Arnaud Burtin ®? Arthur Le Ber ®', Mathias Fink ®', Jean-Christophe Komorowski ®? &
Alexandre Aubry®' <

Les Observatoires volcanologiques et sismologiques de I'lPGP

Tephra loading hazard map
Monte Carlo simulations
— 5% probability to reach tephra
thicknesses of 1 mm, 1 cm, § cm,
10em, 13 em, and 20 em fiee.,
tephra loads of 1.07,10.7, 53.5,
107, 139, and 214 kg m2)
T
Sainte-Marie
°

Atlantic Ocean

LaRobert
©

Caribbean Sea

" ’0 ‘." /
N 3 - 7
@ Sainte-Anne &

o 5

Tephra loading hazard map

AnsevBer\rando Monte Carlo simulations

— 5% probability to reach tephra
thicknesses of 1 mm, 1 em, 5 cm,

Port-Louis © 10 ¢m, 13 cm, and 20 cm (i.e.,

tephra loads of 1, 11,50, 106, 138,

and 212 kg m2)

7 SgmeRose  MomeidHEau O - Adlantic Ocean
Deshaiosd> 4, i Le Moule
Lamontin Les Abymes
i @9
o o
©Pointe-a-Pitre Saint-Frangois
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Fig.6 5% probability contours of reaching the different tephra load
thresholds detailed in Table 2, for a Montagne Pelée and b La Sou-
friere, using the Monte Carlo procedure, the complete 43-year wind
ERAS database, and three different TGSD (565,416 simulations
for each island). The locations of all key infrastructures discussed
in Table 4 are also reported, for Martinique (1, Capot pumping sta-
tion; 2, Volcano Observatory OVSM; 3, North Caribbean hospital;

Bulletin of Volcanology (2025) 87:11
https://doi.org/10.1007/500445-025-01795-3

- |
645000 673000

4, Bellefontaine gas-fired power plant; 5, Prefecture of Martinique;
6, Aimé Césaire international airport) and for Guadeloupe (7, Car-
bet pumping station; 8, Main hospital of Basse-Terre; 9, Prefecture
of Guadeloupe; 10, Volcano Observatory OVSG; 11, Bouillante geo-
thermal power plant; 12, Pointe-a-Pitre Le Raizet international air-

port)

RESEARCH ARTICLE

Tephra fallout and dispersal modeling of phreatic eruptions:
implications for volcanic hazard assessment in Martinique
and Guadeloupe (Lesser Antilles)

A. Michaud-Dubuy'?® . J.-C. Komorowski? - G. Carazzo?
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Regional seismicity in La Réunion recorded by the VSO
and for Mayotte, recorded by REVOSIMA
(national structure hosted at IPGP, operated by OVPF-IPGP and BRGM-Mayotte in partnership with IFREMER and CNRS)

La Réunion Piton de la Fournaise
Request by Jean-Christophe Komorowski [JCK] © OVPF-IPGP, 2023 Request by Jean-Christophe Komorowski [JCK] © OVPF-IPGP, 2023 5

(km)
s

Projected distance on cross-section A'B’ (km)
Projected distance on cross-section A'B' (km)

2 0 2 4 6 8
Depth (km) 3 Depth (km)

10-Dec-2021 10-Deo-2021

Depth (km)
Depth (km)

28-wu-2020 28-Ju-2020

o o 00
- Magnitude
Magnitude

16-Mar-2019 16-Mar-2010

01-Nov-2017 01-Nov-2017

-20 0 20 0 1 2 3 4 5
Projected distance on cross-section A-B (km) Projected distance on cross-section A-B (km)

Sept Jan May Sept

Filters: MAG € [-1,6]; DEP € [-3,30]; Filters: MAG € [~1,6]; DEP & [-3,30]; 2418 neg 200 2020

From: 01-Jan-2017 00:00 Total events =3525 Effondrement (8), Profond (330), From: 01-Jan-2017 00:00 Total events =2657 Effondrement (g), 244 366 488 610
To:31-Dec-2022 23:59 Magnitude: min -0.6 - max 4.3 Indeterminé (81), Sommital (2247), To:31-Dec-2022 23:59 Magnitude: min -0.6 - max 2.5 Indeterminé (31), Profond (328),

Types: Local (833), Tremor (5), Types: Local (23), Sommital (2244), Median julian day
AUTOMATIQUE(9), Longue Période (10), ‘earthquake (2), 'AUTOMATIQUE (8), Longue Période (10), Tremor (5),
Pr0C.120/ Renion - cricaao . ponas prociveo/pioy o et 13-012023 00378 20 bypoma

Lavayssiére and Retailleau, 2023

Real-time locations of earthquakes — OVPF-IPGP Real-time locations of earthquakes REVOSIMA
https://renass.unistra.fr/fr/zones/la-reunion/ https://renass.unistra.fr/fr/zones/mayotte/

29/43
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Regional seismicity in Lesser Antilles arc recorded by the network
of the Volcanological and seismological observatories (VSO)

FAIR DATA ACCESS: Multi-origin merged validated seismic catalog based on catalog

from IPGP observatories in Martinique (OVSM) and Guadeloupe (OVSG).

From 2014/01/01 to 2019/12/31: https://dataverse.ipgp.fr/dataverse/OVSM
https://dataverse.ipgp.fr/dataverse/OVSG

01-01-2017 to 12-31-2022

VSO of IPGP produce a very large set of localized seismicity :

- Public catalogs of seismicity via volobsis webservice http://volobsis.ipgp.fr

- Real-time locations of earthquakes hitps://renass.unistra.fr/fr/zones/les-antilles
https://renass.unistra.fr/fr/zones/la-reunion
https://renass.unistra.fr/fr/zones/mayotte

§88383883838-°

VSO recorded seismicity

180000 2017-01-01 to 2022-12-31
160000 .

140000
120000

o 100000
80000

60000

40000

20000

0
2005 2010 2005 2010 2015 OVPF OVSG OVSM REVOSIMA TOTAL
La Réunion Guadeloupe Martinique  Mayotte

Zone 1 (SLAB) Zone 2 (CLUSTER) Corbeau et al., 2021 2019-2022 30/43

B All located seismicity

Mw 7.4 (2007) B All non-located seismicity



https://dataverse.ipgp.fr/dataverse/OVSM
https://dataverse.ipgp.fr/dataverse/OVSG
http://volobsis.ipgp.fr/
https://renass.unistra.fr/fr/zones/les-antilles
https://renass.unistra.fr/fr/zones/la-reunion
https://renass.unistra.fr/fr/zones/mayotte
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Contribution to the UNESCO Caribbean tsunami early-warning system (GIC-SATCAR)

OVSG and OVSM contribute to the ascending scientific alert for Caribbean
tsunamis via : - seismic network with satellite transmission

- tide gauges (SHOM and CTM collaboration)

PTWC Coastal Forecast

St-Martin ¢ SMR
. St-Barth v SB
v Saba v'S
StatiaV
St-Kitts ™,
Nevis
Montserrat

SAM
) FDFM% f

X Martinique
Réseaux sismologiques tulM MPOM

large-bande permanents :
St-Lucia @S'-B'

‘model run at:
16 Oct 2022

- IPGP | J t " y
- IPGP e = s o & R 2 i . NN\

- SRC Trinidad ™ gPBeH % % § i i ; e
- USGS Barbados

- Netherlands :

W GCMP

Grenada ( GRGR
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Level of volcanic activity (2017 — 2022 )

Montagne Pelée, Martinique
Subduction stratovolcano
closed conduit

Since
12 - 2020

La Soufriére, Guadeloupe
Subduction stratovolcano closed conduit
highly active hydrothermal system

Since 1999

Les Observatoires volcanologiques et sismologiques de I'lPGP ” !\\
—

Volcanic Alert Level

Mayotte volcanic zone, subaerial and

Reference

Vigilance

Pre-Alert

Soufriere Pelée

Alert 1

Fournaise
Alert

2-1 (Fournaise)
2-2 (Fournaise)

Activity | submarine oblique plate boundary
explosive and effusive volcanism

Base level
Volcano alert level system in

preparation (REVOSIMA)
Increasing

Potential _ _ ’_
eruption Piton de la Fournaise, La Reunion

Regularly active hotspot volcano

precursors

Eruption

Inside Enclos, no
risks
Inside Enclos, risks

—

Alert
2-3 (Fournaise)

sebueyo /g

<€

Eruption
outside
caldera

Safeguard

(Only Fournaise)

Eruption
ended, buffer
safety period
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Volcano Observatory Notice for Aviation — VONA

Official legal agreement between VSO and MTE (Arrété JORF n°0079 du
3 avril 2014 page 6413 texte n° 52, Arrété du 27 mars 2014 portant réglement
pour l'assistance météorologique a la navigation aérienne)

Color codes, which are in accordance with recommended International Civil Aviation Organization (ICAQ) procedures, are intended to inform the aviation sector about a volcano's status and
are issued in conjunction with an Alert Level. Notifications are issued for both increasing and decreasing volcanic activity and are accompanied by text with details (as known) about the

nature of the unrest or eruption, especially in regard to ash-plume information and likely outcomes.

Color

GREEN

YELLOW

ORANGE

Description

Volcano is in typical background, noneruptive state
or, after a change from a higher level,
volcanic activity has ceased and volcano has returned to noneruptive background state.

Volcano is exhibiting signs of elevated unrest above known background level
or, after a change from a higher level,
volcanic activity has decreased significantly but continues to be closely monitored for possible renewed increase.

Volcano is exhibiting heightened or escalating unrest with increased potential of eruption, timeframe uncertain,

O0R
eruption is underway with no or minor volcanic-ash emissions [ash-plume height specified, if possible].

Eruption is imminent with significant emission of volcanic ash into the atmosphere likely
OR

eruption is underway or suspected with significant emission of volcanic ash into the atmosphere [ash-plume height specified, if possible].

Les Observatoires volcanologiques et sismologiques de I'lPGP

Antilles: Washington DC, USA VAAC

La Réunion & Mayotte: Météo France
Toulouse VAAC

OVPF: 61 VONA messages

OVSG, OVSM: NO VONA

(1) VOLCANO OBSERVATORY NOTICE FOR AVIATION - VONA

(2) Issued:

20230702/0430Z

(3) Volcano:

PPiton De La Fournaise, 233020

(4) Current Color Code:

ORANGE

(5) Previous Color Code:

YELLOW

(6) Source:

OVPF (IPGP)

(7) Notice Number:

2022-5

(8) Volcano Location:

S 21°15°18 E 055°42°16

(9) Area:

Indian Ocean (Western)

(10) Summit Elevation:

8633 FT (2632 M)

(11) Volcanic Activity
Summary:

'Volcanic eruption is underway with no or minor ash emission

(12) Volcanic cloud height:

(13) Other volcanic cloud
information:

(14) Remarks:

(15) Contacts:

Aline Peltier (+262 692 62 14 49)
Philippe Kowalski (+262 692 87 73 05)

(16) Next Notice:

A new VONA will be issued if conditions change significantly or
the colour code is changed.
http://www.ipgp.fr/fr/ovpf/actualites-ovpf
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2017 — 2022 volcanic activity highlights Piton de la Fournaise

Nominal status: vigilance level since 2016

Reference

2020 unrest at 19 eruptions between 2017 and 2022

Vigilance

Montagne Pelée with increasing intrusive activity with 6 intrusions not
increase of the alert immediately before eruption for 2017-2022

;/ee\ﬁ:v]:/r(()\r/?giglj;ig t;nce compared to 1 intrusion for 2012-2017

4 Dec 2020) I I
-Anl_ _a = L_IEruption
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yellow alert
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Activity reports, bulletins, information releases

OVPF = OVSG m OVSM m REVOSIMA
2125 1030

11

Daily preliminary Weekly report of Monthly bulletin Bi-monthly activity =~ Tri-monthly Annual report Exceptionnal Volcano Volcanic alert level Volcanic activity  Felt earthquake
activity bulletin the activity of bulletin (between bulletin (end in bulletin of activity observatory notice change (ORSEC) information : reports with the
(semi-automatic) Montagne Pelée 01-08-2019 and 31-03-2018) for aviation VONA sequence of simulation of
(since 14-12-2020) 28-02-2020) earthquakes La intensities
Soufriere

35/43
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Information releases

* web page :
www.ipgp.fr/ovpf

www.ipgp.fr/ovsm
www.ipgp.fr/revosima

* facebook:

ObsVolcanoPitonFournaise

ObservatoireVolcanoSismoMartinique
ReseauVolcanoSismoMayotte

* twitter :
@ObsFournaise

@ObsMartinique
@Revosima_

Les Observatoires volcanologiques et sismologiques de I'lPGP
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Bulletin mensuel

Institut de physique du globe de Paris

Observatoire volcanologique et sismologique de Martinique

ISSN 2105 - 2301
Octobre 2023

I\

IPGP

A) Activité volcanique de la Montagne Pelée

« wa.

@

w (3] ¢
' ! ! - rnirer
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o Bt Reunion ~ Reiow Reumon

La Montagne Pelée est un volcan actif de type explosif ayant connu de nombreuses éruptions magmatiques et

phréatiques par le passé. Depuis la fin de la deriére éruption magmatique en 1932, qui a été associée 3 la mise en

place d’un déme de lave, son activité a décru de maniére significative jusqu’a 'arrét de Pactivité fumerolienne depuis

1970 et une activité sismique globalement trés faible.

Depuis décembre 2018, Pactivité sismique est passée au-dessus de son niveau de base établi 3 partir des observations
i

instrumentales continues des années pr

séismes superficiels de faible énergie, par quelques rares séismes profonds (localisés 3 environ 1020 km de

Cette nouvelle activité se caractérise 3 la fois par de nombreux

sous Fédifice et par

témoignant de mouvements de fiuides en surpre
dégradée située sur le flanc sud-ouest de la

décembre 2019 et confirmée visuellement depui
de bulles de gaz 3 faible température) située aul
partenariat avec le Parc Naturel Marin, FOVSMAR
Pévolution de ce phénoméne en relation évent}
Pédifice mesurées par le réseau de capteurs G|
interprété par une source superficielle de ligér
Pelée. Cette source pourrait étre engendrée pf
magmatiques (gaz, eaux hydrothermales) dans

L'ensemble de ces observations refiéte une réag
2023, bien qu'a un niveau en relative diminution

Au mois doctobre 2023, Factivité sismique d’of
reste au-dessus de son niveau de base. Cepend
est faible et aucun séisme d’origine volcanique
sources thermales de I'édifice ne montrent auc:
faibles et semblent stables sur le court terme. R
de plus forte activité, sismique altery

=
HINISTERE

I\

wap

Bulletin mensuel

Institut de physique du globe de Paris
Observatoire volcanologique et sismologique de Guadeloupe

ISSN 1622 - 4523

La probabilité d'une activité éruptive 3 cour
observations collectées depuis fin 2018 et de ley
au cours du mois doctobre 2023 et résumées d:

Octobre 2023

Bulletin mensuel

Institut de physique du globe de Paris
Observatoire volcanologique du Piton de la Fournaise

ISSN 2610 - 5101

moyen terme (voir tableau en annexe). En accory
actuellement

JAUNE = Vi

Vous pouvez suivre les bilans hebdomadaires
Pelée (https:/iwww.ipgp bilans).

The volcano reports are also a product of the
Volcano-TCS of EPOS-ERIC distributed by
EPQOS, to be integrated in Epos-France, and
by the Data Center of IPGP via the volobsis
(http://volobsis.ipgp.fr/) webservice as :

http://ws.ipgp.fr/ivolcano-reports

Volcan de I fris

« L'activité sismique s'est manifestée par 734 séismes dont un petit essaim de 110 séismes entre le 25 et 26
octobre. Tous les séismes ont une magnitude négative et sont localisés 4 moins de 1 km sous le ddme de La
Soufriére. L'énergie libérée (1.25 MJ) est en légére hausse par rapport au mois précédent.

« Les températures des fumerolles sont en légére baisse (95.3°C & Napoléon Nord et 140.8°C & Cratére Sud
Nord). Cette baisse peut étre mise en relation avec I'importante pluviométrie au cours du mois (608 mm a
Piton Sanner) en grande partie due au passage des tempétes Philippe (2-3 Octobre) et Tammy (22
Octobre)

+ La déformation centrifuge du dome est stationnaire

Sur la base des observations résumées dans ce bulletin, et en accord avec les dispositions prévues par les
autorités, le niveau d'alerte volcanique (tableau en annexe) reste:

Vigilance : Jaune
Activité tellurique régionale
+ Une activité sismique réguliére mais généralement de faible énergie (158 séismes de magnitude inférieure a
3.2) s'est manifestée sur 'ensemble du réseau de failles régionales

* Un séisme a été faiblement ressenti le dimanche 22 octobre 2023 a 03:59 (heure locale). Cette secousse
faible (magnitude 2.4 + 0.3) a été localisée a 9 km au nord-nord-est de Deshaies, a 9 km de profondeur.

URNAISE (VNUM #233020)

des éruptions totales sur le:
s « hors Enclos » peut pol

Piton de la Foumnai:

it uivie par 'Observatoire Volcanologique du
ise (OVPF), une station de /'l

de Physique du Globe de Paris (IPGP).

Niveau d’alerte : Vigilance
(depuls le 31 a0t 2023)

2 juillet 2023 (8h50) au 10 a0t 2023 (10h30) : Alerte 2-1
10 a00t 2023 (10h30) au 31 aolt 2023 (8h00) : Sauvegarde



http://www.ipgp.fr/ovpf
http://www.ipgp.fr/ovsg
http://www.ipgp.fr/ovsm
http://ws.ipgp.fr/volcano-reports
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Gestion opérationnelle scientifique d’une crise volcanique en Guadeloupe ou
en Martinique, ou de volcans voisins : niveau institutionnel e ws: - pep, va maj: 19-11-2025

( VONA Alert - ICAO \
* VAAC washington DC USA
* MWO Trinidad

( FIC Trinidad

,
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Les Observatoires volcanologiques et sismologiques de I'lPGP
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Geénese et maturation des zones de stockage des
magma, des systémes trans-crustaux < 20 km —
milliers a centaines de milliers d’années

Déstabilisation rapide des magmas dans les zones
de stockage (mush) (jours a mois): par ex. 1-2 mois
Mayotte (Berthod et al; 2021), 24-36 mois Pelée
(Boudon et al., in prep), Soufriere de Guadeloupe ~
12 jours a 6 mois, Metcalfe et al., 2021; 2022.

Remontée rapide profonde magmas fluides (vitesse
d’ascension: 0,01 to 10 m.s-1 -> heures a dizaines
de minutes pour les derniers 20 km voire 6-9 km)
[Soufriere de Guadeloupe ~ 7 jours a 10 minutes,
Metcalfe et al., 2022; Fani Maoré, Mayotte, 17
minutes (Verdurme et al., accepted); Fournaise
minutes a dizaines de minutes]

1902 Montagne Pelée: ~14-8 jours remonté magma
le plus riche en gaz (explosion latérale dirigée du
dome le 8 mai 1902 et a plusieurs reprises
jusqu’au 30 aodt 1902 et ~30 jours pour le magma
le plus lent (Boudon et al., 2015); pour les 5
derniéres éruptions Pliniennes (Boudon et al.,
2018) les temporalités entre le réajustement du
magma en profondeur suite a une injection
profonde et I'éruption en surface sont de I'ordre de
1-2 ans mais dans de rares cas débutent quelques
décennies avant mais de maniere plus limitée voire
sans signaux détectables en surface (Boudon and
Balcone-Boissard, 2021)

Les Observatoires volcanologiques et sismologiques de I'lPGP

Temporalités emboitées des phénoménes magmatiques et cinétique
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des éruptions : contraintes des scénarios éruptifs futurs crédibles
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Berthod, C. et al., 2023, unpublished

Soufriere de Guadeloupe

Timescale (Days)

Min

@ 60-64 Wi% SiO,@ 75-79 wt% SIO,

Max @ 50-54 wt% SiO,@ 65-69 wt% SiO, O Pyroxene
° © 55-59 wt% SiO,@ 70-74 wt% SiO, [ Olivine

g

At

Temporalité
de
déstabilisation
du systéme

Llaima 2008 |~

Ruapehu 1996 |-

Ruapehu 1971 |-
Soufriére 1010 CE |-

Bezymianny 2008
Soufriére 1530 CE |-
Soufriére 5680 BCE |-
*Novarupta 1912 |-
Echelle 341 CE |-
Bezymianny 2010 |-
Ruapehu 1969 |-
Ruapehu 1995 [~
Ruapehu 1977 |-
Bezymianny 2012 |-
Bezymianny 2009 |-
Bezymianny 2012 |-

Laacher See, Eifel 12.9 kyr [~

Soufriére 1657 CE |-

Bezymianny 2006 -

Merapi 2010 [~

*Nevado del Toluca 26Ka |-

Layou 51 Ka |-

Roseau 33 Ka |-

Merapi 2006
*San Pedro, Holocene (-

*Santorini, LBA [~

*Taupo 2.75 Ka |-
Mount Saint Helens 1980 |-

*Santorini, Therasia |-
*Santorini, Cape Riva [~

*Long Valley, Bishop Tuff |-

Costa et al., 2020; Metcalfe, Moune, Komorowski

et al., 2021; Metcalfe, Thése 21-01-2022
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Contribution to eruption, earthquake, and tsunami crisis
exercices, Préfecture, EMIZA, EMZPCOI, UNESCO
(Caribbewave), Plan Séisme Antilles, « Journées
Japonaises » pour la pr
Guadeloupe, ...

vention des risques telluriques en

Exercice Volcan Montagne Pelée 2022-12-07
Plan Orsec DS Phénoménes volcaniques Montagne Pelée
Préfecture de la Martinique
Observatoire Volcanologique et Sismologique de Martinique IPGP

Exercice = sur table, limité, en interne -> OVSM-IPGP, IPGP, SNOV
= terrain mais limité -> préfecture, mairies, collectivités

Date / Actions
heure * CEV comité d’experts volcanologie IPGP

2022-11-14  * Augmentation * SCENEX % info au CEV* IPGP
10h00 loc importante sismicité ->  « Renforcement surveillance

VONA: Protocole alerte OACI (UN) + DGAC
OVSM-IPGP -> VAAC Washington DC, USA

Control/Flight Information Center (Trinidad)
Préfecture + EMIZA + Météo France + IPGP ...

Les Observatoires volcanologiques e

20 km prof, VT, LP, + Rapport OVSM-IPGP ) Préfet

SOUF_ORSEC_OVSG-IPGP_SCENEX_2021.docx

- Page'6sur7

+ EXPLOSION PHREATIQUE, 1mm cendres humides
surhauts de Saint-Claude (Papaye, Matouba,

«>Dépouillement+localisation, B3 personne astreinte-+ renfort
OVSG selon stratégie gestion cadrée structurée-avant, anal

: basde
Saint-Claude (Ducharmoy) et Baillf pas de cendres
& Basse-Terre'|

o Vent d'Est dominant |

Risques telluriques

I\

PGP

[
o
>
=)

EXERCICE - EXERCICE - EXERCICE - EXERCICE - EXERCICE - EXERCICE - EXERCICE

Communiqué

Institut de physique du globe de Paris
Observatoire volcanologique du Piton de la Fournaise

27 juin 2023 — 09h00 (heure locale) — 05h00 (heure UTC)

m EqressentiM2,5 . oysm Recommande @ ORSEC -> orange
* GNSS: déformation - * Préfet accepte, ORSEC pré-alerte, orange

inflation X5 taux base " S
* CO2 diffus sol augmente AL ARG LD

2022-12-05
10h00 loc

2022-12-07
07h30 loc

* Sismicité augmente
* GNSS: 15x taux base

* Rapport OVSM-IPGP Préfet
* SCENEX maj infos au CEV IPGP

* Sismicité aug. 2 Eqress.  * Rapport OVSM-IPGP {) Préfet
M3,5+4,1 LP essaims . I probabiliste cendres <7/ Préfet
tremor prof Eq <1 km * OVSM Recommande - ORSEC -> rouge
* Alerte GNSS pression « Préfet accepte, ORSEC alerte rouge
* InSAR vecteur horiz> 1m , oy/gp.1pGP_7 alerte CEV CNRS SNOV 4Mi
gita0iCiancsud aues Oy B8 B3+ VONA ¢ rouge éruption imminente

1 e
pa i

=E

2022-12-07
08h00 loc
2022-12-07

09h00 loc
09h30 loc.

* Augm niv aquifere BRGM
* Essaims LP + trémor

* Préfet g COD — ORSEC Alerte -rouge
* Début évacuation zone « rouge » carte ->

* Rapport OVSM-IPGP &) Préfet

+ VONA X rouge éruption en cours = X | e
« Simulation temps réel cendres <7/ Préfet g I
+ OVSM-IPGP <7 alerte CEV CNRS SNOV 4Mi

+ B3+ ) Préfet + pré-envoi <Zbilan Préfet
* OVSM Bilan public <7/ médias Twitter FB

+ Explosion phréatique
* Emission cendres 1h
* Retombée cendres 2h
* Lahars

* Petits glissements ?

* Séisme ressenti M4,3

Efondrement dbme 1929

Fovsu

O
56 s

Limites de commanes

— Routes principales

11h00 loc.
12h00 loc

Routes secondaires

—
696200

nlerreg
Caraibes

EsT@

Eruption en cours

it L PGHM, i etre dé
avec précision juste en contre bas du Piton de Takamaka (& 710 m d'alttude, 372778 E 7643178 S) et une simulation plus précise
de la zone probable dinondations de la coulée de lave a pu étre réalisée (Figure 1),

B e
g Exercioe R ——
; VOLGANEX -y
S 2025
Soctour Trombet
frosm——

P
[

Figure 1 Simulations numériques de la zone probable dinondations de la coulée de lave issue de Iéruption débutée le 27 juin 2023

(suivant le protocole décrit dans Harris et al. 2019). La zone d'inondation est calculée pour 10000 itérations avec un bruit vertical de 2 m
OWNFLOW (Favalli et al., 2005). Les li 6

=rouge). La ligne de plus grande pents est représentée en rouge (GOPGC-LMV-OVPF-IPGP).

- Favalli M, Pareschi T, Neri A, Isola I (2005) Forecasting Lava Flow Paths by a Stochastic Approach. Geophys. Res. Lett. 32(3): 1-4.
hitps://doi.org/10.1029/2004GL021718

Harris AJL, Chevrol MO, Coppola D, Ramsey MS, Hiysiewicz A, Thivet S, Villeneuve N et al. (2019) Validation of an Intograted Satelite-
data-driven Response fo an Effusive Crisis: The Apri-May 2018 Eruption of Piton de La Foumaise. Ann. Geophys. 61.
hitps://doi.org/10.4401/ag-7972

Institut de physique du globe
de Paris, OVPI

14 RN3 - Km 27

97418 La Plaine des Cafres
La Réunion

‘www ipap fifriovpliactualites-ovol
twitter : @ObsFoumaise

facebook : ObsVolcanoPitonFournaise
youtube : Chaine IPGP.

Sciences pour la planéte

crate-epi-hypo porel]

. psréel +seuls (mul
temperature, GNSS, extenso radar, autres) stratégie gestion
cadrée structurée avant]

«>Analyse data satellitaires (contact R..Grandin,IPGP+M. Gouhier
HOTVOLC, OPGC)1

«>Carte de dispersion panache cendre {contact Carazz0 IPGP) +-gaz
(Jessop, OVSG)

«>Echantillonnage cendres 3 St Claude(]
1

Envers les autorités™

of to phreatic

eruptionand minor-ash-emission, height 5000-m—OVSG contact

le VAAC de Washington (tél et validation email)

Météo-France, Gwadair et ARSS

P

, FALL3I
synergie avec Météo France et Gwadair]

#3Suivi remontée observations analyses Préfecture temps réel]
1

Communication’:S

SOUSLACOORDINATION-DU Préfet

«>Bulletin OVSG-IPGP-frangais-anglais avec compte rendu-de la
journée, I'0VSG explique sa-politique communication
scientifique 2x/-jour en synergie-avec la Préfecture, 11h00 et
16h00 sauf événement exceptionnel

#>Message sur répondeur tel-OVSG mis 4 jour, communiqué sur
Web et réseaux sociauxit

Surveillance”:1
Suivi+analyse observables temps réel +seuils (multigaz,
temperature, GNSS, extenso radar, autres) stratégie gestion
cadrée structurée avant]
Analyse data satellitaires(contactR. Grandin, IPGP-+M. Gouhier
HOTVOLC, OPGC)
Carte de dispersion panache: cendre-{contact Carazz0 IPGP) +
3az {lessop, OVSG)
Echantillonnage cendres au-Houelmont, Basse Terre, Saint-
Claudef

EX

PREFET _

DE LA REGION
NION

DOSSIER D'EXERCICE
« VOLCANEX 2023 »

27 juin 2023

Etat-major de zone

et de protection civile
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Contribution and integration into Volcano Crisis Response Plans (Plan ORSEC), Préfectures

DISPOSITIONS SPECIFIQUES ORSEC 972
Phénoménes volcaniques

77900 personnes
fortement exposées

241200 personnes
modérement
exposées

Légende
Scénario 4
i gt e
e
Zone dimpact deve
Zenadtimpict modies
Zonedimpact fable
foncrament parcl de dome
R ——
opiiae S20 e Grambibt %)
. R
upétee 310 (omabing 5

Zone dimpact possible dun Tsnam & confirmer
seveso

e

Exsblissomants scotsres

Exsblssements de santé

40 personnes

Roue Départamentale faiblement exposées

Scénario 4 : plinien
Cartographie des enjeux selon la zone d'impact

EMZPCOI

PREFECTURE DISPOSITION SPECIFIQUE
DE LA REUNION VOLCAN

saamo 3500 3000
@ P Z
oo Uy QEEPA | g W samene A

Probabilté d'envahissement par
les coulées de laves (%)

0.0001-0.01 extrémement basse
1-01  tesbasse
basse
plutot basse
plut élevée

des /i
Palmistes 4

Saint-Joseph Source ralef: 3D TOPOR, IGN, 2010
390000 350000 60000 370000

2.12. Gaz i cendres et cheveux de Pélé

Si les éruptions conduisent principalement 4 'émission de coulées de lave, elles sont systématiquement
accompagnées par des émissions de gaz volcamiques : ceux-ci, au Piton de la Fournaise, sont
essentiellement composés de vapeur d’eau, hydrogéne, dioxyde de carbone, monoxyde de carbone,
dioxyde de soufre, hydrogéne sulfuré. Les teneurs en halogénes (HCI ; CF) sont faibles, sauf dans les
phases fumerolliennes ou lors de I'interaction entre lave et eau de mer.

Ces émissions sont néanmoins généralement trés limitées (en raison d’abord de la nature du magma et
ensuite de l'ampleur limitée des éruptions elles-mémes) et n’affectent généralement que les zones
d'émission. donc le plus souvent I'enclos Iui-méme ou le massif du Piton de la Fournaise. Elles peuvent
fortement incommoder des spectateurs, en particulier les personnes asthmatiques. Des éruptions au
volume significatif (ex-avril 2007) peuvent produire des panaches chargés en soufre, qui peuvent résulter
localement dans plusieurs secteurs du massif, en fonction de la distribution des vents, dans des
concentrations  terre au-dessus du seuil d’alerte.

Cependant, des émissions gazeuses beaucoup plus intenses ne sont pas a écarter en liaison avec
déventuelles éruptions de plus grande ampleur. Compte fenu de la distribution annuelle des vents
(prédominance des secteurs est et est-sud-est) les zones situées globalement & I’ouest du volcan peuvent
étre affectées.

[Améte préfectora n° 2242 au 0871112021 Validé par Jacques BILLANT, Préfet de La Réunion

DISPOSITIONS SPECIFIQUES :
phénomenes volcaniques

Doctrines générales

P ]
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!
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2 Kilometers
R I o

Routes choisies pour sortir de Saint-Claude selon [étude CASAVA

Cabinet PREF 971 — SIDPC | D; é ORSECdela G

date de rédaction : 02/2018 Phénoménes volcaniques

Dispositions spécifiques ORSEC de Ia Guadeloupe.
Phénoméne volcanique du volcan de Ia Soufritre

s
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ORSECDS.
Dispositf départemental ORSEC

DISPOSITIONS SPECIFIQUES
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PLANIFICATION ORSEC
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https://www.guadeloupe.gouv.fr/Actions-de-I-

Etat/Securite/Risques-naturels-et-technologiques/Les-risques-
telluriques-en-Guadeloupe/Activite-volcanique-de-la-Soufriere-
de-Guadeloupe-et-sismicite-regionale/Le-plan-ORSEC-Volcan

https://www.martinique.gouv.fr/Actions-de-I-Etat/Securite-  https:/Awww.reunion.gouv.fr/Actions-de-I-
civile-Risques-majeurs/Risques-majeurs/Les-risques- Etat/Securite-protection-des-personnes-et-des-

naturels/Risque-volcanique biens/Protection-civile/Les-plans-de-secours/Le-
plan-ORSEC/Le-volcan



https://www.martinique.gouv.fr/Actions-de-l-Etat/Securite-civile-Risques-majeurs/Risques-majeurs/Les-risques-naturels/Risque-volcanique
https://www.martinique.gouv.fr/Actions-de-l-Etat/Securite-civile-Risques-majeurs/Risques-majeurs/Les-risques-naturels/Risque-volcanique
https://www.martinique.gouv.fr/Actions-de-l-Etat/Securite-civile-Risques-majeurs/Risques-majeurs/Les-risques-naturels/Risque-volcanique
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Collaborative volcanology for building a global understanding of volcanic hazards and risk
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Guidelines for volcano-observatory
operations during crises: recommendations
from the 2019 volcano observatory best
practices meeting
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Weaknesses
* Remoteness VSO to IPGP, vulnerability to multiple forcing

Strengths
» Unprecedented activity of 4 French volcanic zones in all major

tectonic settings -> high scientific challenges + societal impact
Large proportion of IPGP research teams work on volcanoes
VSO are attractive to researchers, PhD, national + international
collaborations, innovative methodologies + instrumental
development (muon tomography, machine learning, optical fiber)
VSO scientific + technological breakthroughs have regional,
national, and international impact + disseminate know-how
OVSM 2nd oldest World VSO built in 1902 afte tragic Mount
Pelée eruption, and now the most recent VSO with new
vanguard stunning facility built by CTM territorial council.

IPGP VSO well respected + appraised in community of World
Volcano Observatories (WOVO) of IAVCEL.

209 publications VSO staff, 30 first-author overseas VSO staff

Opportunltles

» 2026: Integration process SNOV + REVOSIMA into Epos-France
2017-2022: VSO successful at securing partially recurrent
funding 1,9 M€ + 0,4 M€ IPGP co-funding from MTES

Local authorities trust VSO + their scientific expertise in crises
VSO play central role in transdisciplinary research (volcanoes
and health, energy, mineral resources, global change)

New CNRS + MESR 3 year-long contracts tenure-tracked

Strong support of authorities + regional councils for ambitious
VSO projects (INTERREG PREST, HATARI), MARMOR, IRIMA

agents (insular setting, natural disasters, limited critical
mass of collaborating local scientists and engineers, limited
and high cost analytical facilities, administrative difficulties,
lack of cutting-edge fiber-optic internet connection)

Too many short-term contracts (CDDs) causing very high
turnover + cost of job search, recruitment, management
Director, resident scientists assigned to overseas VSO not
functional positions, turnover is elevated in the Antilles.

No strong group geosciences/telluric hazards at the
University of Antilles in contrast to University of La Réunion

Threats

+ MESR and CNRS + MTES bear most operational costs of
VSQO’s missions of crisis response, risk prevention with
minor support of civil protection (DGSCGC) Interior
Ministry.
No governmental secured recurrent multi-year program of
funding of the VSO forcing the IPGP to constantly
leverage 67% of the VSO costs in competitive funding. So
far unsuccessful to obtain multi-year funding strategy from
ministries and other stakeholders (natural disasters
reinsurrors) for a nationally approved road-map for VSO.

» Retirement of 4 key VSO personnel in next 6 years.
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