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1. Contexte, positionnement et objectif de la proposition détaillée
1.1 Context
The 2010 eruption of Eyjafjallajökull’s (Iceland) showed how a relatively small volcanic event can
directly impact millions of people’s life. All volcanic plumes can cause environmental, economic and
societal hazards, but lack of knowledge on their physics and time evolution make prediction and
forecast difficult. Improving our ability to quantify and model of the genesis, spread and impact of a
volcanic plume is thus a key challenge for scientists and societal stakeholders. Mitigation of such
volcanic crises relies on efficient, and effective, communication and interaction between key scientific
actors in geology, physics, chemistry and remote sensing. The ultimate goal is for the modern,
multidisciplinary volcanologist to fully constrain on the volcanic source terms needed by physical and
chemical modellers to predict the ascent, dispersion and the impact of volcanic ash and gas in the
upper atmosphere.
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The two major challenges that need to be overcome if we are to achieve these goals are: (i) the
necessity to converge on a common language and framework within which to integrate a combined
scientific effort and information exchange between observers and modellers, and (ii) the requirement
to perform consistent up-scaling of models from the local scale of the volcanic column to the regional
scale of volcanic plume dispersion.
In this regard, mesoscale and synoptic forecasts for volcanic plume dispersion require provision of
accurate injection parameters (source terms) for initialisation. These include provision of cloud height,
mass flow rate, cloud chemical composition, plume dimensions, density and size of solid particles, and
local-to-regional meteorology. Forecasts also require up-to-date modelling capacities that allow cloud
transport, microphysics and chemistry evolution to be properly simulated. All outputs then need to be
evaluated against quality “ground truth” which, in our case, comes from in-situ, airborne and satellite
measurements. This cross-disciplinary challenge requires integration of the volcanological,
atmospheric physics and chemistry, and modelling skill sets.
Within this context, this project aims apply an integrated approach to investigate, analyse and model
the processes of formation and maturation of volcanic plumes during their transport from their source
to their most distal points. An initial version of this project was proposed to the ANR in 2009
(FOURNeX: submitted to the section « jeunes chercheurs » by P. Tulet, LACy). A second version was
submitted in 2011 (FOURNEx: submitted to the section « programme blanc » by F. Brenguier, IPGP).
Since these initiatives, the project has grown and matured considerably, so that it now involves four
OSU (Observatoires des Sciences de l’Univers, INSU/CNRS). These being: (i) OSU-Réunion (LACy
and UMS3365), (ii) OPGC (LMV, LaMP, and UMS833), (iii) IPGP and OVPF, and (iv) OMP (LA,
CNRM-GAME). External partners include SPE and INGV (Istituto Nazionale di Geofisica e
Vulcanologia, Pisa and Palermo). Such a cross-disciplinary synergy promotes the integration of
complex processes governing the physicochemical evolution of volcanic plumes from the dense ash
and gas environment near the vent (the traditional domain of volcanology) to the regional-scale
environment in which the plume disperses and becomes subject to dry and wet sedimentation (this
being the domain of physico-chemical atmospheric specialists). Due to our trans-disciplinary
dimension and global objective, our aim is to build on the broad but relevant skill set that we can bring
together to better track and manage hazards associated with volcanic plumes. This project is an
opportunity to make a significant step forward in this domain.
Eyjafjallajökull demonstrated in an emblematic way how difficult it is to forecast the time and space
evolution of a volcanic plume, as well as to accurately assess the ash and gas content of the drifting
mass. This is partly due to the lack of accurate measurements for basic and essential parameters, such
as plume height and mass discharge rate. Although, on paper, such parameters are easy to derive,
Eyjafjallajökull showed that in practice that can be difficult and on occasion impossible to obtain and
provide; especially in the time frame of an eruptive crisis (i.e., hours to days). Indeed, for Volcanic
Ash Advisory Centers (VAACs), which are the organizations in charge of ash cloud forecasts, such
measurements have clearly been identified as critical if forecast models are to be run efficiently
(Bonadonna et al., 2011). The models themselves also still need major improvements if we are to
adequately take into account the complexity, and constantly changing dynamic of a volcanic cloud. If
such an improvement to our understanding of processes controlling the formation and evolution of
such volcanic clouds can be achieved it will represents a major step forward for the scientific
community, as well as our socio-political stakeholders.
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Success of this project, and completion of our objectives, will be accomplished through
implementation of cutting edge measurements and synergy with development of innovative models,
with the ultimate goal of improving our capability to efficiently react to crises. The scientific and
technological objectives of this initiative are fully in the line of the ANR priority: "Innovation
technologique pour analyser, remédier ou réduire les risques environnementaux", as well as with the
sub-priority: "Systèmes d'observation et d'information, du capteur au service pour gérer les crises
environnementales".

1.2. Scientific and technical objectives, and bolts
The main scientific objective is to reduce the large uncertainties in characterisation of the key volcanic
source terms, i.e. mass discharge rate and composition of the gas and particles mixture erupted from
the vent. We need to convolve this with fundamental atmospheric parameters, such as formation of
particles in the upper troposphere and lower stratosphere, plus direct and indirect radiative forcing due
to the presence of volcanic particles. To organize operational modelling with tools able to prevent
health and airline hazards, one must develop a quantitative knowledge on (i) eruptive mass discharge
rate (and mass partitioning between gas and particles), (ii) injection heights of volcanic plumes, (iii)
ash and gas interactions in complex atmospheric environments, and (iv) regional-scale transport and
dispersion of wet and dry acid products.
Objective 1: A first objective is to parameterize the process of volcanic convection in an atmospheric
mesoscale model. This will require constraint of the volcanic source terms through implementation of
available real-time observations (mass and heat fluxes near the vents, geophysical signals), and
integration with kinetic and thermodynamic models. Our aim is to provide a new parameterization
scheme to the Météo-France operational models, such as AROME or MOCAGE, that are used by the
VAAC (Volcanic Ash Advisory Center) in Toulouse.
On the ground, measurements will be based on deployments of instruments such as IR and UV
cameras, spectrometers (differential optical absorption, open-path FTIR), thermocouples, ash
collectors and analyses of sample return. Satellite IR and UV sensors will be used to detect and assess
the ash, water/ice, sulphur content of volcanic plumes. Inverse models applied to all data will then be
used to retrieve plume and cloud componentry, masses and mass partitioning (e.g. Gouhier et al, 2011,
Tulet and Villeneuve, 2011).
To achieve these tasks, we will pursue three main lines of enquiry:
(1) Field-based studies of pyroclastic deposits. These studies will aim to relate both the whole
deposit (thickness, grain size, facies) and the physical properties of the constituent particles to the
eruption conditions. Methods are now standardised to obtain estimation of plume height, eruption
duration, volume and magma discharge rate, and steadiness of eruptive conditions from the dispersion,
thickness, grain-size and componentry of the parent fallout deposits (e.g. Carey and Sparks 1986; Pyle
1989; Fierstein and Nathenson 1992; Bonadonna et al. 1998; Bonadonna and Costa 2013). Methods
for definition of the magma properties - composition, porosity, connectivity, permeability, vesicle and
crystal content, size, shape and distribution, from the texture of the juvenile fragments - are also
operational (e.g. Houghton and Wilson 1986; Higgins 2000, Rust and Cashman 2004, Shea et al
2010).
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It is well known that the physical characteristics of individual pyroclasts must not be considered in
isolation from detailed studies of the deposits from which they are collected, and the integration of
these methods greatly improve our understanding of eruption dynamics (e.g. Polacci et al. 2006; Rust
and Cashman 2011). Combining the active deposit and textural data with the geophysical signatures of
the same explosion has also proved an exceedingly powerful methodology which allows delivery of a
complete picture of conduit and plume dynamics during a basaltic explosive eruption (e.g. Rosi et al.
2006; Gurioli et al. 2008, 2013; 2014; Andronico et al. 2009a; 2009b; 2013a, 2013b; Colo' et al. 2010;
Landi et al. 2011; Pistolesi et al. 2011).
(2) Study of dilute volcanic plumes. Such plumes are often associated with small-sized eruptions, as
well as passive degassing (inter-eruptive period). Such activity is much more frequent than emission
of dense ash-rich volcanic plumes. In addition, the duration of this type of activity may be very long,
and even permanent in some cases (e.g., Hawaii and Etna). These emissions have a significant effect
on the environment, and provide a reliable plume source on which new technologies and ideas can be
tested. Development and application of new remote sensing techniques have allowed a huge step
forward in volcanology over the past decade. This includes the development of miniature
spectrometers, UV-cameras and electrochemical sensors for gas analysis. Simultaneous acquisition of
gas and aerosol data using the new generation of ground- and satellite-based sensors and allow time
series and spatial analyses for a wide range of physical and chemical parameters, including the
composition and fluxes of different gas species and geochemical signatures.
(3) Study of dense ash and gas volcanic plumes. Such plumes are frequently transported over
hundreds, even thousands, of kilometres away and undergo profound and rapid physicochemical
transformations. The impact of volcanic plumes on atmospheric properties (e.g., atmospheric
absorption and scattering) and the related radiative forcing effects remain poorly constrained.
However, while gas species emitted during large volcanic eruptions may lead to a durable greenhouse
effect on a global scale, conversion of gas to micron-sized aerosols within the volcanic plume may
locally reduce the incoming solar radiation budget.
Objective 2: A major objective will thus be to analyse the physicochemical evolution of plume optical
properties and their variation over local scale and regional scales. This analysis will involve tri-phase
processes with the partition of the mixture between gas, particles and volcanic- and atmospheric-origin
volcanic water. In doing this, we will need to consider the highly variable concentrations between the
source and distal areas, as well as competition between different mechanisms (homogeneous and
heterogeneous nucleation, condensation, coagulation, and activation).
Boulon et al. (2011) provided the first observational evidence of the occurrence of aerosol nucleation
within 2010 Eyjafjallajokull’s plume. They also demonstrated that the classical binary nucleation
scheme (H2SO4-H20) used in meteorological models underestimates observed particle formation rates
in volcanic plumes by 7 to 8 the orders of magnitudes. These results showed that nucleation schemes
must be revised for volcanological contexts. An additional parameter often present in volcanic plumes,
especially in tropical areas where water vapour contents are high, is the presence of cloud droplets that
may be form on volcanic aerosols. Cloud droplets represent an efficient chemical reactor leading to
secondary aerosol formation, heterogeneous chemistry and ultimately acid rain events.
As regards nucleation, thermodynamic equilibrium theory used in chemistry transport models (CTM)
for partitioning of chemical compounds between gas and the aerosol phases needs to be developed
through consideration of solubility of the halogens and their induced effect on the aerosol acidity.
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During a volcanic eruption large amounts of solid particles and aerosol (gas) precursors are released
into the atmosphere. In the initial phase, the plume is controlled by momentum and buoyancy. Most of
the ejected mass, however, sediments rapidly while new sub-micrometer particles are formed by
nucleation of the gaseous components. Numerical models that simulate the chemically complex chain
of fast processes controlling the amount, chemical composition and size distribution of the particles
remaining in the plume, after momentum and buoyancy effects have dissipated, are not currently
available.
The limitation of the current observing systems in regard to ingress of a volcanic plume into busy
airspace was highlighted by the 2010 eruption of Eyjafjallajökull. Lidar systems and ground-based
monitoring stations located at high altitudes provided additional data sets showing the arrival and
altitude of the plume; yet, they yielded insufficient information on the spatial distribution of the
aerosol concentration in the plume. Unmanned Aerial Systems (UAS) reduce operator and civilian risk
in dirty or dangerous tasks; hence, UAS have untapped potential in obtaining in-situ measurements of
volcanic ash plumes.
During the 2010 Eyjafjallajokull volcanic eruption, in-situ measurements and particle sampling were
performed by research aircrafts. These aircrafts, however, operated under civil regulation and, hence,
were not capable of penetrating the densest parts of the plume. Research aircraft can penetrate a
volcanic ash plume, but they are not equipped with state-of-the-art aerosol measurement systems.
Dropsondes offer an interesting alternative for penetrating the most hazardous plume section, but
considering their cost (> 3000 € for by aerosol probe and their very short residence time in the plume ∼10 m/s fall speed), dropsondes are not economically viable for monitoring an extensive plume. To
this end, Unmanned Aerial Systems (UASs) offer a viable, cost-effective platform for supporting the
satellite- and ground-based networks with in situ sampling of volcanic ash particles.
Objective 3: The final objective will be to combine the precedent tasks. In doing this, we need to
accurately account for complex other external heat sources (e.g., atmospheric convection to concurrent
lava flows beneath a dispersing plume). The principal aim is to integrate all of these processes in a tridimensional atmospheric mesoscale model. One of the deliverables of this final objective relates to a
better analysis of environmental and human health risks related to population exposure to high
concentrations of gas and particle charged air.
We also aim to develop state-of-art models able to reproduce, as closely as possible: (i) the main
chemical and microphysics processes operating at local up to regional scales, (ii) the atmospheric
transport of the plume in a complex physical and chemical regime. The challenge is complex because
it requires a combination of a large spectrum of skills in the field of meteorology, atmospheric
physics, chemistry and volcanology.
Nevertheless, this step is a key point that must be implemented prior to implementation of reliable air
quality models that better take into account the humanitarian risks associated with volcanic plumes.
Logistics
Mount Etna (or Stromboli -as an alternative) volcano in Italy, as well as Piton de la Fournaise volcano
(La Réunion, France) will be used as test beds for deployment of new instrumentation. Etna is an ideal
target to better quantify the source term of volcanic plumes and better understand their dynamics
farther away from the emission source. A strong collaboration already exists between IPGP, OPGC
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and INGV, as for the ground-based Doppler radar of OPGC (VOLDORAD 2B) located at La
Montagnola, and operated continuously in collaboration with INGV-Catania. This radar has recorded
in all ballistic pyroclasts and lapilli generated by lava fountains since 2011 (about 40). Also, UVcamera capable of measuring SO2 fluxes in dilute plumes was constructed and successfully tested on
dilute gas clouds at Stromboli during discrete explosive events, through collaboration between LMV
and INGV-Pisa. At Piton de la Fournaise (PdF), OSU-R (LACy and UMS 3365) and IPGP (OVPF)
partners will organize the field campaign on the basis of OVPF’s skill. Kilauea (Hawai’i, USA) will
constitute an alternative target to Piton de la Fournaise. This is possible given the on-going
collaboration between the two volcanological observatories: HVO (Hawaiian Volcano Observatory) in
Hawai’i and OVPF (IPGP) in La Reunion; a collaboration put in place in 2012.
These test beds on volcanoes will provide well-documented case data-sets for input into modelling
activities. With regard to observations, the strategy will be to implement observing systems near the
vents (for gas and particles thermodynamic observations) and around the convective plumes (for gas
concentrations, particle size distributions, cloud optical properties, condensation nuclei properties, and
aerosol chemistry). Physical modelling will focus on the 1-D IPGP model for volcanic plumes
propagation at local scale and incorporating detailed parameterization of air entrainment, to scale up to
the 3-D Meso-NH model of Météo-France/LA at a regional scale.
At Etna, OPGC and IPGP partners will perform data sampling in field campaigns during the frequent
eruptive phases, in collaboration with INGV. At Piton de La Fournaise, the field campaign will be
based on OVPF’s instrumental fleet (IR-UV cameras, Open-Path-FTIR, DOAS, and MultiGas) and
will help to better quantify heat fluxes, sulphur and other gas fluxes. The LMV contribution will be to
couple sulphur flux measurements (DOAS, UV cameras) at the vents with heat and mass flux
measurements (volcanic Doppler radar, IR cameras, satellite data). OSU-R (LACy, UMS3365) and
LaMP will operate an aerosol lidar and in-situ analysers (gas chemistry, aerosol optical and chemical
properties, cloud condensation nuclei) within the diluted volcanic plume. This will be achieved either
through the deployment of a mobile station (mobile laboratory van of Observatoire Réunionnais de
l’Air - ORA) or downwind of the plume source at the Maïdo observatory.
Airborne observations will be performed over the two volcanoes. In the high concentration
environment, light professional drones (< 2 kg) will fly miniature sensors developed at CNRM-GAME
and at LPC2E (ANR Blanc 2012 VOLTIGE project, and EU-FP7 BACCHUS project) and measuring
aerosol dimensional spectra (0.3 - 3 µm), particle number concentrations, black carbon, turbulence,
gas trace such as halogens (Roberts et al. 2012, 2014; Edmonds et al. 2013) and meteorological
parameters.
Over Etna, an airborne campaign with the ATR42 aircraft (SAFIRE infrastructure) will be held using
funds from this ANR project and a proposal to be submitted to the LabEx ClerVolc (“Investissement
d’Avenir” program) this year. Airborne instruments will be used to investigate optical and
physicochemical properties of volcanic particles and of aerosols from gaseous precursors (SO2, VOC).
This includes: (i) particle counters for number size distribution and concentration (fine and
accumulation modes), (ii) impactors for particle chemistry characterization and mass spectrometer to
analyse the chemical composition and structure of the particles, (iii) polar nephelometer (equipment of
the “Instrument National Plateforme de Mesures Aéroportées” operated by OPGC) for the scattering
phase function and extinction associated with particles. Such an instrumentation array will allow us to
assess accurate mass concentration of many volcanic species, including many for which optical and
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structural properties are not well known. In synergy with modelling tools, these observations will
allow us to refine the parameterizations of schemes for nucleation, coagulation, dispersion and sinks.
Over Piton de la Fournaise, airborne measurements will be performed with an ultralight drone (UAS)
and ULM to investigate the gas phase, the size distribution and CCN properties of aerosols (CCN
properties at sub-micron scales). Such measurements will complement those performed on the long
term by the “Service National d’Observation en Volcanologie” (SNOV, CNRS-INSU label), for which
Piton de la Fournaise is a priority target. This compilation of multi-source data will help to establish
source terms for model input during eruptive activity.
The modelling strategy for volcanic plumes at the regional scale we will follow that developed by the
MoPAV project (2013-2015, LEFE/CHAT programme, INSU/CNRS). The aim is to represent
dynamic, thermo-dynamic, physicochemical and multi-phase processes in research-mode for nonhydrostatic mesoscale models. Starting with reference simulations, well constrained by appropriate
input of field campaign observations, the objectives will be to analyse key processes necessary to
implement operational meteorological models designed to handle a volcanic crisis. Modelling tools
will rely on the implementation of new schemes in numerical models. The first objective is
parameterization of volcanic convection. This will be developed by LA and IPGP partners on the basis
of inter-comparisons between explicit convection simulations and LES (Large Eddy Simulation)
simulations. All simulations will be constrained by field observations (Aiuppa et al., 2010 ; Metrich et
al., 2010 ; Kaminski et al., 2011). The second objective is implementation of the Meso-NH meso-scale
numerical model Meso-NH (Lafore et al., 1998), which will be applied in conjunction with the
previous volcanic convection scheme, together with an aqueous phase chemical scheme (Chen et al.,
2007 ; Leriche et al., 2013), an aerosol tri-modal scheme (ORILAM - Tulet et al., 2005 ; Tulet et al.,
2006), and an activation scheme (Abdul-Razzak et Ghan, 2000). In support of these initiatives, two
PhD theses are currently devoted to the modelling of volcanic convection (S. Silvia at LA) and to the
pathways and chemical transformations of volcanic plumes during the 2007 eruption of Piton de la
Fournaise (J. Durand, LACy).

1.3 Strategic objectives of the project
This project is submitted to the section « Grands défis sociétaux », « Gestion sobre des ressources et
adaptation au changement climatique » because it fits the objective of line 3.1.2 « Innovation
technologique pour analyser, remédier ou réduire les risques environnementaux », as well as the line
«Systèmes d'observation et d'information, du capteur au service pour gérer les crises
environnementales ».
The project develops a strong component of technological innovation and observation that is made
possible by the synergy initiated by scientists and engineers working together in Earth sciences at
OSU-R, IPGP (OVPF), OPGC (LMV) and OMP (LA, CNRM).
Project strategies, which fit to the strategic orientations of the invitation to tender, are:
Upgrade of observing systems for a better control of hazards due to active volcanoes
Forecast of intensity and of nature of volcanic eruptions is a well-known scientific and technical
obstacle, which may be overcome by the development of new, integrated instrumental networks.
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Methods proposed to investigate volcanic fluxes (heat, mass and gaseous components) in this
project will be those implemented in crisis situations. To achieve this objective, we must integrate
observing systems before the crisis. Within this framework, the development of drones will be a
breakthrough finally allowing physicochemical analysis of the concentrated environment of
volcano plumes in crisis mode.
Operational numerical models designed for decision-making processes.
Operations at Volcanic Ash Advisory Centers (VACC) depend on breakthroughs in our ability to
measure and model volcanic plumes. One of the main objectives of modelling activities in this
project is to develop schemes that are easy to integrate into operational models for crisis
management.

2. Scientific and technical programme and project organization
The consortium involved in this project, will address the research issues identified above by applying a
synergistic approach. It is built on multi-disciplinary collaborations between researchers in
volcanology, atmospheric physics and chemistry, and modelling. Research activities will be organized
on three work packages. WP1 take care of project management and valorisation. WP2 couple data
collections and modelling on fluxes and dynamics related to convective plumes. WP3 deal with study
the aging of the volcanic plume during its regional dispersion regime, where the environmental wind
fields drive the transport of volcanic pollutants.
The approach is integrative because WP2 will provide important inputs for WP3, as thermodynamic
and chemical fluxes with a good resolution of time step, mass and size distribution of aerosol and ash,
parameterization of convective dynamic necessary to improve the altitude of injection. WP1, dedicated
to project coordination and valorisation, will guarantee a good communication and regular interactions
between the WPs, and diffusion of the deliverables of the project towards the scientific community,
the operative stakeholders and the public.

2.1 Workpackage 1 – Coordination, valorization and communication
Coordinators: JP Cammas (OSU-R), P Bachélery (OPGC)
Milestones: kick-off meeting, web site at the very start of the project, mid-term progressing and final
reports
Deliverables:
Effective execution of the project in due time
Proper valorisation of the results within the scientific community and relevant stakeholders,
enhancement of project outcomes through communication medium (logo, website, flyer, poster,
synthesis paper, movies)
Requested financial contribution: 19 k€ (website 2.6k€, mission coordination 1.9k€, functioning
1k€, movies on field campaign 13.5k€)
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Frameworks
WP.1A Coordination
The coordinator will be the main contact point for partners of the project, external partners and
stakeholders and for ANR. The coordinator will establish planning and time schedule, will organize
meetings and videoconferencing, will interact with WP leaders for maximizing the resources, and will
report to ANR any difficulty encountered. It ensures the administrative steering of the project by
performing the quality control of the deliverables, in agreement with the Gantt chart (see below). With
regards to the advancement of the project, the coordinator will organize the publication of a mid-term
progressing report and a global report at the end of the project.
As soon as the project is officially approved, we are going to hold a kick-off meeting by
videoconferencing. Then we plan to have progress meetings at least every six months. At the end of
the project, a final meeting will be held.
For enhancing the collaborations in the project, postdocs are demanded under the direction of E.
Kaminski (IPGP) and C. Mari (LA-OMP) for “Numerical modelling of turbulent volcanic plume, and
under the direction of A. Schwartzenboeck (LaMP-OPGC) and P. Tulet (LACy-OSU_R, in
collaboration with LA-OMP) to support modelling activity in WP3 and ATR data treatment.
WP.1B Valorisation and communication
This part of the work package is about valorisation and communication in the broad context of the
project; a process of enhancing or optimising project outcomes with a view to increasing their value
and impact. The complete database will be open to the scientific community at the end of the program
through the STRAP website. Our objective encompasses this process mainly by using a web- and
movie-based strategy and involving all partners in its design. Beyond the scientific barriers that can be
overcome, the results of this project will directly concern several user communities in charge of
volcanic risk mitigation, air traffic, issues related to climate change.
The STRAP project has a strategy of valorisation and communication that includes:
the dissemination of information and actions of advertising a wide public
the diffusion of results of the project towards the relevant scientific community and
stakeholders: meteorological agencies, civil aviation, civil protection…
The implementation of this strategy will be based on outputs and deliverables from work packages 2
and 3, centred on convective plumes, and on aging and dispersing plumes, respectively.
The strategy will imply that:
specific objectives are defined in terms of information and advertising
scientific communities interested by the project and its results are identified
the methodology of dissemination is defined
information sessions are organized to promote the preliminary and final outcomes of the
project.
The strategy will include actions leading to the following communication medium:
Logo and visual identity of the project
Website of the project to inform about the objectives and results of the project. Over the
duration of the project the website will grow in size and sophistication to provide a vehicle for
information for all partners. The website should be operational at the very start of the project
and should last one year after the end of the project. A public access and an access restricted to
project members for dissemination and exchange of materials will be opened. A further
9
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extension of the website can be established through websites of the four “OSUs”
(Observatoires des Sciences de l’Univers: OSU-R, OPGC, IPGC, OMP) involved in the
project.
Flyer displaying objectives, main activities and results of the project, with regular updates
Poster for the participation of the project in workshops, meetings and conferences of the
scientific community
A synthesis paper of the achievements and results of the project (paper and/or DVD)

Gantt chart of the STRAP project
An educational film with scenes of scientists and engineers at work on volcanoes with the
purpose to advertise a wide public i) to volcanic hazards associated with gas emissions, ii) to
the complexity of interdisciplinary sciences involved, iii) to progresses made during the
project. This film will be produced in collaboration with the “multimedia services” of the
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universities of La Reunion (DSIUN, Direction du Système d’Information et des Usages
Numériques) and Blaise Pascal in Clermont-Ferrand.

2.2 Workpackage 2 – Convective plumes: Fluxes, dynamics and modelling
Coordinators: M. Gouhier (LMV), E. Kaminski (IPGP)
Milestone:
A- Source data collection and lava flows modelling (2015/2016)
B - Measurements of gas and aerosols from small size volcanic plumes (2015/2016)
C - Dense convective plumes: measurements and modelling (2015/2017)
Deliverable:
WP2.A
(1)
(2)
(3)
WP2.B
(1)
(2)
(3)
WP2.C
(1)
(2)
(3)
(4)

Period: 2015-2016
Parameterization of volcanic deposits and pyroclastic component of the plume
from field campaign at PdF (06/2015) and Etna (06/2016)
Isopach maps and volume estimation of lava flows using satellite
measurements (from 01/01/2015 for all targets)
Lava flow heat flux modelling for convective model parameterization from
field campaign at PdF (06/2015) and Etna (06/2016)
Period: 2015-2016
Parameterization of near-vent pyroclasts and report on the dynamical
evolution of a plume from vent to stagnation point from field campaign at PdF
(06/2015) and Etna (06/2016)
Source magma volatile budget (composition, fluxes) and Pre-eruptive
concentration – link with height of lava fountains from field campaign at PdF
(06/2015) and Etna (06/2016)
Near-vent turbulence characteristics, gas and aerosol budgets (insight of
Sulfur excess problem) from field campaign at PdF (06/2015) and Etna
(06/2016)
Period: 2015-2017
Plume height injection and source mass eruption rate (from 01/01/2015)
Fine ash characterization from satellite observations (from 01/01/2015)
Real-time monitoring for early warning and continuous tracking of ash cloud
from space borne data (from 01/01/2015)
Report on a new parameterization of volcanic plume injection heights for
regional and global atmospheric models. (from summer 2015)

Expected outcomes
Source parameters, database for
scientific community
Source parameters, database for
scientific community
Inputs of WP2.C - Source parameters,
database for scientific community
Expected outcomes
Inputs of WP2.C - Validation of spatial
observation
Database for scientific community,
improvement of fundamental knowledge
Inputs of WP2.C - improvement of
fundamental knowledge
Expected outcomes
Source parameters, Inputs of WP2.C2 risks mitigation
Source parameters, Inputs of WP2.C2 risks mitigation
Societal protection (air routes, aviation
safety), risks mitigation
Inputs of WP3 - Societal impacts,
climate models. Weather forecasting
centres

Requested financial contribution: 183 k€
Partner LA: 76 ke
18 months of post-doctoral position shared between LA and IPGP for “Numerical modelling
of turbulent volcanic plume, adaptation of Meso-NH”. – 75 k€
Postdoc mobility (Paris/Toulouse) – 1 k€
Partner IPGP: 20 k€
7 k€ for MultiGAS set
5 k€ for petrological and geochemical analysis (SEM + thin sections + epoxy)
2 k€ for 4 thermocouples (2 lava and 2 fumaroles)
6 k€ for scientific publication and meetings
Partner OPGC: 45 k€
25 k€ for two ash collectors
10 k€ for missions to Piton de la Fournaise (2 missions, 4 people)
4 k€ for Freight transport for ground-based instrument of LMV/OPGC on PdF
6 k€ for scientific publication and meetings
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Partner LMV: 42k€
25 k€ IR-T Cyclops bolometers
6 k€ for missions to Etna (2 missions, 3 people)
5 k€ for petrological and geochemical analysis (Sample shipping, microprobe, LA-ICP-MS,
raman + FTIR, Bulk rock analyses)
6 k€ for scientific publication and meetings

External support: 145 k€
Obtained if STRAP is supported by ANR (30 k€)
SNOV: Computer software and hardware, data storage equipment (12k€)
Radar satellite images on Piton de la Fournaise (18k€)
Asked if STRAP is supported by ANR (115 k€)
ClerVolc: 3-years PhD (90 k€) for coupled satellite and ground-based IR measurements and
modeling on Etna and Piton de la Fournaise (WP2.C)
ClerVolc: Radar satellite images for Etna and Hawaii (25k€)
Frameworks
The Work Package 2 focuses on measurement of source conditions needed for effective modelling of
convective plumes and their variation in space and time. This will be achieved through the quantitative
assessment of physico-chemical parameters using the unprecedented synergy between measurements
techniques (such as field, petro-geochemical, ground-based and satellite-based). WP2 is divided into 3
sub-tasks each focusing on a different target but having strong interaction. The first one (WP2A) deals
with measurement of eruption conditions from sediment analysis and pyroclasts textures to lava flow
heat and volume in order to better constrain the convection driven by air heating above the hot lava
surface. This includes sediment analysis and pyroclasts textures from field measurements, lava flow
heat and volume flux measurements and thermal modelling of lava flow. The second sub-task (WP2B)
focuses on volatile budget at the source and focus on the quantitative assessment of near-vent gas
loading and dynamics. The gas phase plays a major role within volcanic plume dynamics, especially in
the vicinity of the vent crater. Finally, the third sub-task (WP2C) deals with ash-rich plume dynamics
using coupled satellite and ground-based measurements, associated with convection modelling from
the source to the atmosphere. Concentration and location of ash clouds, which represent a major threat,
are still difficult to assess. Distal measurement from space borne sensors particularly must bring
important constraints for the improvements of volcanic ash transport and dispersion models.

WP.2A Source data collection and lava flows modelling
Task 2A.1: Sediment analysis and Pyroclasts textures - Field measurements
Case 1 - Historical deposits: Explosive eruptions producing km-high ash plumes were frequent at
Piton de la Fournaise in the 18e century, while a dominantly effusive behaviour is observed since
1860. From single outcrops we can provide the time evolution of the explosion/fountain in terms of
qualitative intensity of the plume (from grain size, and maximum size of the juvenile and non-juvenile
clasts), the density of the bomb-to-fine lapilli component (from density measurements of juvenile
12
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fragments using the Geopyc installed at LMV textural laboratory) and the shape of the bomb-to-fine
ash component (for bombs and lapilli 3D morphology is obtained from the three axes of the pyroclast.
3D parameters for fine ash can be obtained using the Geomorphology G3 at LMV textural laboratory).
Other important parameters can also be derived such as the ballistic velocity and height (from the
bomb’s landing position, size, mass and shape), the proportion of juvenile versus non-juvenile
components in the plume (from the componentry of the deposits performed for each grain sized class);
magma homogeneity and magma bulk vesicularity at the fragmentation level (from density data for
juvenile fragments). Finally, we can also obtain information on fragmentation depth and/or source
variations (from the presence of deep-seated fragments or different non-juvenile fragments);
interaction with external, deep or shallow, water (from componentry, shape, quenched features of
juvenile fragments); gas exsolution and escape (from porosity, connectivity and permeability of
juvenile fragments. Connectivity and permeability measurements are performed using the Hepycnometer and permeameter at LMV textural laboratory). If we are able to constrain deposit
dispersion we can also provide the number and location of source vents, and plume dispersal from
each (from the isopach maps); the variation of the erupted mixture in space in terms of proportion of
different clast types (in terms of clast density, shape and size); intensity/fountaining height.
Case 2 - Active ash fallout: Pyroclasts can be collected within hours to days of the event (e.g. Gurioli
et al. 2008; 2013). However, sampling may also take place during eruptive activity. Samples may be
retrieved upon landing, i.e., during or immediately after the explosion. This avoids problems due to
rapid erosion of the deposit, (e.g. Lautze and Houghton 2007, 2008) and allows us to know the exact
geophysical history of the collected pyroclast (Gurioli et al. 2014). Alternatively, a collection device
can be placed in the fall out zone and then retrieved a few hours or days after the end of each explosive
event (e.g. Rose et al. 2008; Andronico et al. 2009a; 2013; Eychenne et al. 2012; Houghton et al.
2013). Three simple collection methods that can be applied to active fallout, as currently used, are: (i)
The observer collection method which involves collecting (and quenching) bombs or lapilli as they fall
out of the plume around people standing in the active fall out field (e.g. Lautze and Houghton, 2007,
2008; Gurioli et al. 2014). (ii) The “tarp” or “space blanket” strategy whereby plastic sheets of known
area are laid out close to the vent so that all pyroclasts falling in a known area are collected (e.g. Rose
et al. 2008; Harris et al. 2013; Di Muro et al., 2014). (iii) The bucket strategy by which a large number
of buckets are distributed across a discrete area of fallout for a certain period of time.
We propose to install one or more devices that allow collection of the ash, and to perform real-time
measurement of the grain size distribution and terminal velocity, in situ. This instrument is currently
being developed at the University of Firenze by Emanuele Marchetti (Marchetti et al., 2013). The
instrument consists of a laser unit and a collector where the weight and the depth of material fallout
are measured automatically
Task 2A.2: Lava flow heat and volume flux
The volume of emitted products, estimated after the end of the eruption and also at different points
during the eruption, is a critical input to the assessment of volume flux (Harris et al., 2007). However,
partitioning of heat flux, and mass, across the active flow field at any instant in time is completely
unknown. Here we first propose to produce thickness maps of lava flow fields and pyroclastic deposits
using high spatial resolution Synthetic Aperture Radar Interferometry (InSAR) data. To achieve this
objective we have developed an approach that uses Bistatic TanDEM-X interferograms, where the two
radar images are acquired simultaneously. Such interferograms are sensitive only to changes in the
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GST with respect to a reference Digital Elevation Model (DEM). As an alternative to this approach,
one can use a large a set of conventional Monostatic interferograms to invert jointly GSD and GST
and reduce APS, which is considered as a zero-mean Gaussian random process. The accuracy obtained
by applying these approaches to the thickness estimations, and hence also on their volume estimation
is at least one order of magnitude better than when traditional field-based approaches are used.
Volumetric output rate (in cubic meters per second), otherwise known as time-averaged discharge rate
(TADR) from satellite flown sensor data collected in the thermal infrared (see Harris et al., 2007, for
review). Low-Earth Orbiting satellites such as AVHRR and MODIS nominally provide data at a
spatial resolution of 1 km four times a day. This is sufficient for heat flux and TADR tracking using
methodologies that have been in place since the 1990’s. For Piton de la Fournaise data bases can be
constructed using the hot spot radiance time series provided by MODVOLC, a MODIS-based data
base that goes back to 2000 (Wright et al., 2004). For Etna, we already have an AVHRR and MODIS
derived data-base of heat and mass flux spanning 1980 to 2010 (Harris et al., 2012). In contrast,
sensors flown on geostationary satellites, such as GOES-Imager, MSG-SEVIRI, MTSAT, or MSGRSS have a very high temporal resolution of up to 1 image every 5 minutes. This allows detailed
temporal tracking of hot spot thermal evolution (e.g., Harris and Thornber, 1999; Gouhier et al. 2012).
While the field of view of MSG-SEVIRI is approximately centred on Etna, MSG-RSS is almost
centred on Piton de la Fournaise. The Imager flown on GOES-East and MTSAT both allow data
acquisition for Kilauea. For all of these targets, data are available for Piton de la Fournaise and Etna
back to 2004 through the OPGC/LMV satellite data reception capability, and for Kilauea back to 1998
due to the HIGP (University of Hawai’i) facility. The high spatial resolution ASTER sensor is an
attractive option to improve our understanding of the time evolution of the heat and mass flux
partitioning across different spatial elements of the flow field. We also propose to use an optical
satellite (SPOT 5, as acquired by a local satellite receiving centre on Reunion: SEAS-OI). This will
allow cartography of deposits and systematic stereophotogrammetric surveys over the lava flow fields
during and after the eruption using ultralight aircraft and a commercial camera.
Task 2A.3: Lava flow: thermal model
During an effusive eruption a number of measurements can be made that are essential input into, and
validation for, lava flow heat flux models. These include flow surface velocity; effusion rate; lava
flow area and thickness ; flow interior and surface temperature; lava tube cartography; ephemeral vent
cartography; a’ā and pāhoehoe localisation; vesicularity; crystallisation rate. A number of thermal
models exist for pāhoehoe and a’ā that allow heat fluxes due to radiation, rain and ocean entry to be
modelled (e.g., Keszthelyi & Denlinger, 1996; Harris et al., 1998: Harris & Rowland, 2001).
However, heat loss due to convection remains a poorly measured and constrained quantity.
To provide a full thermal budget, which is needed because of its influence on plume buoyancy, we
need to better constrain the convective heat flux from the flow surface. In this regard, the convective
heat flux transfer coefficient for an active lava flow has, to date, been measured for one case: active
pāhoehoe at Kilauea (Keszthelyi et al., 2003). The measurement methodology took several years to
design and test, and Harris currently holds the custom designed frame required to place thermocouples
and anemometers at correct distances above the active surface if the coefficient is to be measured. We
know that the coefficient changes greatly with wind speed, but is also extremely sensitive to
temperature for a flat, smooth (pāhoehoe) surface. However, the same measurement now needs to be
made over a rough (a’ā) surface. Once this is obtained, variations in heat flux coefficient across

14

DEFI

Edition 2014
GESTION SOBRE DES RESSOURCES ET ADAPTATION AU CHANGEMENT CLIMATIQUE

STRAP

different portions of the flow field (pāhoehoe and a’ā) can be mapped and integrated using the same
high spatial resolution satellite data described in Task 2A.3, as well as using thermal camera data.
WP.2B Measurements of gas and aerosols from small size volcanic plumes
Task 2B.1: Vent-leaving plume dynamics
Using a high speed thermal camera measuring at 200 Hz we have developed an automatic means of
extracting key parameters for the vent-leaving dynamics of a gas rich plume loaded with particles.
Measurables include the vent exit velocity for each particle; kinetic and thermal energy; particle size,
shape and distribution; particle mass, total solid mass and mass flux; jet opening angle and time
variation; time distribution of all parameters.
In addition we have software that allows rapid and automated parameterisation of convective plume
mixtures of gas and fine particles. Measurables include plume front ascent velocity, and variation with
height and time; plume radius, shape and volume; plume (surface) temperature, temperature
distribution and vertical profile; plume bulk density and mass; spreading angle and air entrainment
rate.
These approaches are being applied to ballistic-rich gas and fine particle plumes at Stromboli (Italy)
and dilute convective plumes at Santiaguito (Guatemala), respectively (e.g. Sahetapy-Engel & Harris,
2009a,b; Harris et al., 2012; Vanderkluysen et al., 2012; Harris et al., 2013). However, they have yet
to be applied to a mixture of the two. We need to simultaneously capture both the ballistic and
convective components of a fountain-related plume. This will allow us to define the relation and
portioning between the fine (ash) and coarse (lapilli and bomb components of the plume); and allow us
to estimate the mass and energy locked up in each component. This can be done by using the two
thermal cameras purchased as part of LMV’s Labex CLERVOLC project. While the first high speed
camera, through use of a magnification lens, targets the base of the plume to obtain the coarse
component data; the second camera then stands off to capture the full ascent history of the dilute,
convective plume to the point of stagnation. Results can be checked against ground-truth data
provided by Task 2A.1.
Task 2B.2: Source volatile budget
Measurements of various parameters that control the degassing process can be achieved through
geochemical analysis of eruptive products (lavas, pyroclasts). Analysis of volatiles, isotopes and
element redox states in whole rocks, glasses, crystals and melt and fluid inclusions allow constraining
the dynamics of a volcano plumbing system, and permit the quantification of the magma volatile
budget and ascent/degassing paths. Water is the main component of volcanic gases, followed by CO2,
SO2 and halogens, in order of abundance. Pre-eruptive volatile contents can be obtained by analyzing
microscopic parcels of undegassed melt (glass inclusions: MIs) and fluid inclusions (FIs) trapped in
minerals. During the major 2007 caldera-forming eruption, input of hydrothermal fluids (Gouhier and
Coppola, 2011) or deep basaltic input (Di Muro et al., 2014) have been invoked to explain the excess
in SO2 emissions measured by satellites. The magmatic volatile budget can be obtained by combing
the measured lava flow-rate with the expected composition of released volatiles (difference between
pre-eruptive volatile contents, obtained by analysis of MIs, FIs and residual volatile contents). The
excess in volatiles can be identified and quantified by correlating the expected magmatic volatile
budget with the measured gas emissions (task 2B.3).
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In basaltic volcanoes, the height of lava fountains is controlled by released gas content, for a given
lava volume flux. We here test four processes which can explain the inconsistency between modelled
and observed fountain heights at PdF, namely: i) magma degassing during pre-eruptive magma ascent
at shallow levels, ii) pre-eruptive magma de-hydration during magma storage, iii) syn-eruptive
recycling of degassed magma and iv) syn-eruptive inputs of external fluids. We will perform
systematic microanalysis of glass and fluid inclusions and glassy matrices to assess pre-eruptive
volatile contents and degassing processes (Metrich et al., 2010; Di Muro et al., 2014b). Recent
developments of micro-Raman spectroscopy (Di Muro et al., 2006; Mercier et al., 2010) permit fast
acquisition of large datasets on dissolved water contents in natural glasses. Carbon will be analysed by
FTIR micro spectroscopy; S, Cl and F by electron microprobe. Thermodynamic modelling will permit
to address the processes i and ii; correlation between volatile contents (primary and residual) and
textures (task 2A.1) will allow addressing process iii (lava recycling). Comparison between expected
and measured (task 2C.2) will permit to test process iv (input of external fluids).
Task 2B.3: Near-vent gas and aerosol measurements
In order to constrain the entrainment rates, turbulence and heat fluxes in the volcanic column will be
constrained using an aerial vehicle monitoring the volcano with a sampling frequency consistent with
the time-scale variability of the processes involved. Different parameterizations of ash sedimentation
and entrainment will be tested at high resolution and their impact on plume dynamics will be
compared to the observations performed by the aerial vehicle as well as to plume heights observed
during the field campaigns at the Piton de la Fournaise and/or Etna.
Also, UV-camera capable of measuring SO2 fluxes in dilute plumes was constructed and successfully
tested on dilute gas clouds at Stromboli during discrete explosive events, through collaboration
between LMV and INGV-Pisa (Italy). When combined with data provided by Task 2B.1, this allows
the solids-gas mass balance to be assessed in the erupting mixture. The coupled approach of
FLYSPEC and MultiGAS systems will be advantageously used to measure a large variety of gas
emissions (e.g., Horton et al., 2006; Shinohara, 2005). These will allow us to measure the “total” flux
of gas from the summit fumaroles and any other degassing structures detected. Weather stations and
dual downwind FLYSPEC measurements (Williams-Jones et al., 2006) will be employed to accurately
determine plume velocity and thus, in conjunction with the MultiGAS, the flux of CO2, CO, H2O, SO2,
and H2S. OPVF has already a gas-monitoring network including DOAS (since 2007) + MultiGAS
(since 2010) techniques and LMV has updated and acquired these two systems in 2014. Besides, the
volcanic aerosols will also be geochemically investigated. We will determine the fluxes of trace metals
such as Pb, Cu, Zn, Hg, Cd, and the REE, which despite numerous studies (e.g., Symonds et al., 1988)
are known on a global scale only within one or two orders of magnitude. Low-level emission (dilute
plumes and passive degassing) may also be assessed using satellite methods having a high spectral
resolution such as IASI-MetOp for HCl and H2S (magma origin and transfer dynamics) and CO, CO2,
and CH4, to better constrain the volcanic impact on our environment and climate. UV sensors such as
Aura-OMI will be advantageously used for the detection of low SO2 emission. High spatial resolution
sensor such as ASTER (spatial resolution of 90 m in the TIR) will also be particularly useful for
detecting low SO2 fluxes (Henney et al., 2012) at most passively degassing volcanoes.
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WP.2C Dense convective plumes: measurements and modelling
Task 2C.1: Measurements of ash-rich volcanic plumes
Mount Etna is one the best monitored volcano, including the ground-based Doppler radar of OPGC
(VOLDORAD 2B) located at La Montagnola, and operated continuously in collaboration with INGVCT. This radar has recorded in all ballistic pyroclasts and lapilli generated by lava fountains since
2011 (about 40). These make Etna an ideal target to better quantify the source term of volcanic plumes
and better understand their dynamics farther away from the emission source. Using the OPGC Doppler
radar measurements we will estimate coarse particles parameters (mass flux, total mass and
concentration) near the summit vent for case eruptions using already published procedures (Gouhier &
Donnadieu 2008). By contrast, the ash fraction (fine particles), which sometimes represents a large
contribution to the total tephra loading, can be derived using a multi-channel TIR (thermal infrared)
camera, also called Cyclops bolometers. This ground-based method has been successfully tested at
Rabaul volcano (Papua New Guinea) and showing that ash plume concentration can be as large as
500mg/m3. This value for instance, is well in excess of the recommended exposure limits of 2mg/m3
for aviation safety. This tool focusing on the proximal area is also very complementary to satellite
sensors which will provide information on the same tephra fraction but farther from the volcanic
crater. This will hence bring important information on transport, dispersion, sedimentation or
aggregation processes occurring from the source to the atmosphere. This work has obvious
connections with task 2C.2 for modelling the buoyancy of turbulent convective volcanic plumes,
which is a function of the thermal coupling between air ingested in the plume and the tephra
injection/sedimentation. Finally, source term retrievals can be used in input of Volcanic Ash Transport
and Dispersion (VATD) models such as MOCAGE used by the Toulouse VAAC.
Dense volcanic plumes are very complex to study as their evolution is driven by fast-acting processes
close the source vent, while products emitted typically span very large area, possibly spreading to a
global scale. As a result, the study of these processes can also be carried out using infrared
geostationary satellite such as MSG-0 and MTSAT. The real-time acquisition of those data is routinely
achieved by the OPGC (Observatoire de Physique du Globe de Clermont-Ferrand). The ensured
availability of this set of data will be significantly helpful for the achievement of the project. Several
important deliverables will be provided, such as the Plume Height injection as well as the Cloud
Location and Cloud Velocity Displacement. Note that in most cases, the time evolution of all these
parameters can potentially be provided thanks to the high time resolution of geostationary satellites, up
to 1 image every 5 minutes.
Task 2C.2: Volcanic plume injection heights for regional and global atmospheric models
The horizontal scale of volcanic plumes does not exceed few ten meters in their lower part, which is
well below the horizontal resolution of an operational atmospheric model. Hence at the regional and
global scales, volcanic plumes are sub-grid processes, which need to be parameterized taking into
account the meteorological environment and the characteristics of the volcanic source. At that scale,
volcanic plumes are buoyant plumes that can be described using a similar formalism as convective
clouds – at least as boundary layer shallow cumuli. Those parameterizations require additional forcing
to reproduce the dynamics of volcano plumes: entrainment rates in the eruptive column being one key
parameter. Entrainment rates can be constrained with high-resolution simulations of turbulent volcanic
plumes for which the buoyancy is a function of the thermal coupling between air ingested in the plume
and the pyroclasts injection and sedimentation. Different parameterizations of ash sedimentation and
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entrainment will be tested at high resolution and their impact on plume dynamics simulated by the
meteorological model will be compared to the observations during the field campaigns at Piton de la
Fournaise and/or Etna.

2.3 Workpackage 3 – Plume aging and regional impacts during the dispersion
regime
Coordinators: P. Tulet (LACy), K. Sellegri (LaMP)
Milestone:
- Observation of the plume aging during its dispersion stage (2017)
- Nucleation parameterization in volcanic plume (2017)
- Numerical modelling of aerosol formation, aging and deposition (2018)
- Air quality simulation and observation associated to volcanic plumes (2018)
- Volcanic plume parameterisation for operational VACC and MACC models (2018)
Deliverable:
3A
(a)
(b)
(c)
(d)
3B
(a)
3C
(a)
(b)
(c)

Period : 2015-2016
Report and database on atmospheric data from field campaign at PdF (01/06/2016)
open to all participant of STRAP.
Report and database on atmospheric data from field campaign at Etna/Stromboli
(01/06/2017) open to all participant of STRAP.
Report and/or scientific paper on comparison between aircraft observation data of
SO2, H2SO4, and aerosol extinction with retrievals products from IASI and
CALIPSO.
Scientific paper and open source parameterization of the particle nucleation in
volcanic plume environment (01/01/2017).
Period : 2015-2016
Cloud-processing parameterization and gas-particles partitioning integrating halogens
in the open source Meso-NH (01/06/2016).

Expected outcomes
Inputs of WP3C
Database for scientific community
Inputs of WP3C
Database for scientific community
Validation of spatial observation.
Spatial centres

Period : 2017- mid 2018
Parameterizations of plume aging (gas and aerosols) for security operational model
(VACC, air quality models). 01/06/2018
Report on hourly surface distribution of pollution (sulphur, fine particles) during the
most important eruptive period, in function of air quality European levels
(01/06/2018).
Report and scientific publication on dry and wet deposition distribution of acid,
aerosols (fine and accumulation modes) and ash (coarse mode). 01/06/2018

Expected outcomes
Air quality and climate models.
Weather forecasting centres.
Societal protection (health,
infrastructures): DEAL, local
authorities, ASQUAA
Improvement of knowledge. Societal
impacts (ecology, infrastructures…).

Input of WP3C. Plume aging for air
quality and CTM models.
Expected outcomes
Input of WP3.3.
Scientific community

Requested Financial contribution: 181.5 k€
Partner LACy : 105.5 k€
ULM measurement at PdF, location and payment of 10 hours flight (LACy-OPAR for WP3A):
8.5 k€ (5 k€ for flights and test instruments (external contracting); and 2 k€ for CNRM/GAME
and LPC2E freight instrument 1.5 k€ for one week mission at La Réunion for integration and
tests on-board). Period 2015
ORA truck lab (external contracting). (Integration, consumable) : 5 k€ (LACy-OPAR for
WP3A). Period 2015
Meetings and worshops (for all participants of WP3): 15 k€ (4300 euros per year).
Support for OPAR measurement during PdF campaign (Truck rent and consumables): 2 k€
(LACy-OPAR for WP3A). 2015
18 months of post-doctoral position to support modelling activity and ATR data treatment: 75
k€. 4 months at LaMP dedicated to support the treatment of the ATR data measurements of
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WP3A, then 14 months at LACy (in collaboration with LA) to model the Etna plume case
study of WP3C. Period mid 2016 - end 2017
Partner LaMP : 67 k€
T1OOU for SO2 (ATR and Maido): 15 k€ (LACy/OSUR+ LaMP for WP 3A)
Co-financing for Integration ATR-42 payload in Toulouse (4 persons, 2 weeks, transport): 3 k€
(LaMP, WP3A)
Consumables ATR-42 integration: 5 k€ (LaMP, WP3A)
Co-financing Extended missions to TLS during 2 month ATR-42 alert (4 persons, 4 weeks,
transport): 3 k€ (LaMP, WP3A)
Mission Etna: overnight and transport for 4 persons and 10 days): 10 k€ (LaMP, WP3A)
Neutral Aerosol Ions Spectrometer (NAIS) co-financing (LaMP for WP3A): 25 k€
Freight transport for aerosol instrument of LaMP for ground based PdF and Etna campaigns
(WP 3A): 6 k€.
Partner LA (including CNRM/GAME): 9 ke
Mission (UAS campaign, 2 weeks) G. Roberts: 5 k€ (CNRM/GAME, WP3A)
ULM integration, consumables: 4 k€ (CNRM/GAME and LPC2E for WP3A)
External support: 475 k€
Obtained if STRAP is supported by ANR (170 k€)
150 k€ from Labex ClerVolc: Flight hours for ATR measurements on Etna or Stromboli (WP3A)
10 k€ from Voltaire: multisensors for the gas phase measurement close ti the sources
10 k€ from LEFE/Chat MoPAV: modeling of the lava (WP3B and WP3C).
Asked if STRAP is supporting by ANR (305 k€)
90 k€ at Région Réunion or MESR: 3-years PhD fellowship for aerosol nucleation observation and
parameterization (LACy and LaMP for WP3A)
90 k€ at labex ClerVolc: 3-years PhD fellowship for ATR measurement and scientific production
50 k€ at Axa Funds: 1 year of post-doctoral position for UAS measurement and scientific production
support.
10 k€ at SOERE ORAURE: operating budget for the aerosol instrumentation at the Maido observatory
25 k€ at Labex ClerVolc: co-financing of NAIS
40 k€ at PO FEDER (La Réunion): second CPC for the Maido observatory.

Frameworks
WP3 aims to study the aging of the volcanic plume during its regional dispersion regime, where the
transport of volcanic pollutants is driven by the environmental wind fields. The focus is to study the
formation of secondary aerosol from gaseous precursors, including SO2 and halogens. Objectives are
to document i) the chemical transformation of SO2 and halogens into aerosols and ii) assess the impact
of the presence of an aqueous phase on the physio-chemical properties of the volcanic cloud and its
evolution with time, iii) document rapid evolution of aerosol number and mass size distributions
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within a few 10s km (and time scales of less than a minute to hours) of the emission source. On a local
scale the objectives are to quantify the source emission flux and model the distribution, deposition and
the composition of the volcanic plume, which can cause serious impacts on environment and human
health. On a global scale, improve the knowledge of the contribution of nucleation of volcanic
precursors and cloud processing when it occurs to the global particulate burden that may impact
climate though their direct and indirect effects. The strategy is based on three axes (sub-work
packages) interconnected with WP2 (Figure 1).

WP3A: Volcanic plume observation and parameterization of aerosol formation in diluted
concentration (Period 2015-2016)
At the Maido observatory (2200 m height), aerosols properties (size distribution, CCN, chemistry,
optical properties) and some gas traces (NOx, O3, CO2) are permanently characterized. Lesouef thesis
(2010) has demonstrated that the plume emitted at the summit of the PdF will interact with the Maido
observatory in case of classical trade winds regime (Figure 2). Aerosol size distribution from the
nanometer scale (NAIS and Scanotron) and SO2 will be measured continuously over a one year period
(2015) at the Maido observatory for the survey of nucleation and new particle formation that could
occur in dispersive plumes from the PdF. Size segregated CCN number concentrations will also be
performed continuously in order to quantify the impact of new particle formation within the dispersive
plume on the cloud condensation nuclei population.
In case of the occurrence of an eruption in the lower part of the PdF, the Maido instrumentation will be
moved in a truck already equipped with SO2 measurements, and coupled with the detection of the
vertical extension of the volcanic plume by a Raman aerosol LIDAR and a handheld sun photometer.
A truck will be able to follow the volcanic plume downwind of the PdF (see Figure 2). Additionally, in
case of alert, an unmanned aerial systems (UAS) equipped with total aerosol concentration (dp > 10
nm), particle number size distributions (>300 nm), aerosol absorption, PTU measurements will be
deployed to quantify the source emissions and rapid evolution of the plume. 20 hours flights of an
ULM equipped with miniaturized instruments measuring the total aerosol number concentrations and
the size distribution of aerosols, the cloud condensation nuclei and some important gas trace such as
SO2, H2S, HCl, CO, H2 and CO2. ULM is dedicated to investigate the plume around La Réunion
during its dispersion stage. These instruments, partly deployed by CNRM/GAME and LPC2E will be
located at the Maido observatory during 2015 pending the PdF eruption. Ground-based and airborne
measurements will be coordinated to relate vertical profiles to more detailed chemistry measurements
in the mobile facility (Figure 2). More precisely the ORA truck will be located in the cities under the
influence of the plume (air quality analyses). The Raman aerosol lidar will be positioned near the coast
under the plume. The UAS flight will investigate the plume source near the convective area, whereas
the ULM will flight around La Réunion to measure the regions where the plume is in its dispersion
regime.
In case of the occurrence of an eruption in the lower part of the PdF, the Maido instrumentation will be
moved in a truck already equipped with SO2 measurements, and coupled with the detection of the
vertical extension of the volcanic plume by a Raman aerosol LIDAR and a handheld sun photometer.
A truck will be able to follow the volcanic plume downwind of the PdF (see Figure 2).
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Additionally, in case of alert, an unmanned aerial systems (UAS) equipped with total aerosol
concentration (dp > 10 nm), particle number size distributions (>300 nm), aerosol absorption, PTU
measurements will be deployed to quantify the source emissions and rapid evolution of the plume. 20
hours flights of an ULM equipped with miniaturized instruments measuring the total aerosol number
concentrations and the size distribution of aerosols, the cloud condensation nuclei and some important
gas trace such as SO2, H2S, HCl, CO, H2 and CO2. ULM is dedicated to investigate the plume around
La Réunion during its dispersion stage. These instruments, partly deployed by CNRM/GAME and
LPC2E will be located at the Maido observatory during 2015 pending the PdF eruption. Ground-based
and airborne measurements will be coordinated to relate vertical profiles to more detailed chemistry
measurements in the mobile facility (Figure 2). More precisely the ORA truck will be located in the
cities under the influence of the plume (air quality analyses). The Raman aerosol lidar will be
positioned near the coast under the plume. The UAS flight will investigate the plume source near the
convective area, whereas the ULM will flight around La Réunion to measure the regions where the
plume is in its dispersion regime.

Figure 1: Temporal plan of the WP3 and connections with WP2 (inputs from WP2.1, WP2.2 and
WP2.3).
The same instrumental strategy will be deployed for the Etna/Stromboli volcanic system over the
following year of the project (2016). For the study of dispersive plumes, the volcano will be equipped
with a reduced set of instrumentation (NAIS, SO2) for the study of nucleation in the plume. It
frequently emits dispersive plumes in which new particle formation likely occurs. In case of the
occurrence of an eruption of the Etna over this one year period, a basic airborne instrumental set-up
will be ready to be integrated on board of the French ATR (pending upon periods of aircraft
availability) including aerosol size distribution (5 nm to 40 microns) and number concentrations
(CPC+ SMPS + OPC), optical particle counters, cloud condensation nuclei counters (CCN), SO2
and/or VOC measurements. A MultiGAS sensor set measuring SO2, H2S, HCl, CO, H2 (Roberts et al.
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2012, 2014) will be ready to be installed in the very close vicinity of the Etna, in collaboration with
researchers from the VOLTAIRE Labex (LPC2E and CNRM/GAME).
In addition, a smaller alert period of two months will be chosen for the possibility to characterize the
full chemistry evolution of the volcanic plume on board of the ATR aircraft (aerosol and gas-phase
physico-chemical characterization (in particular, C-ToF-AMS and impactors for particle chemistry
characterization and SO2 analyser and/or PTR-MS for more sophisticated gas phase characterization).
Plume observation will also be investigated by satellite sensors. IASI product (V. Duflot, LACy and L.
Clarisse, ULB) will be used for the detection of ash, SO2 and H2SO4 concentration layers.
MODIS/SEAWIFS (DeepBlue product) will be used to estimate the aerosol optical thickness (P.
Tulet, LACy) and CALIOP/CALIPSO data (volcanic aerosol product) will be inversed for the
extinction profile of aerosols (J. Pelon, LATMOS). CALIPSO and IASI products will also be
compared with aircrafts observations. An important outcome of this study is the validation of the
satellite image-processing programs.
From the observations, parameterizations of the particle nucleation rates will be proposed for the
specific conditions encountered in volcanic plumes, as a function of H2SO4 calculated from SO2
concentrations, halogens and eventually VOCs measured in the Etna/Stromboli plumes.
In support of the field campaigns, the FLEXPART Lagrangian particle dispersion model (Stohl et al.,
2005) will be driven by analysis and 3-day forecasts of the NCEP/GFS operational model at a
resolution of 0.5 x 0.5 degrees, with millions of passive tracer particles continuously released from
volcanoes and other terrestrial sources. At J-1, the FLEXPART forecasting and the assistance of the
Météo-France forecast will help to position the ORA truck and the lidar and to define the UAS and
ULM flights plans for the day J. FLEXPART will keep track of each particle for ten days, with the
tracer trajectories visualizing and characterizing the plume transport pathways (Hervo et al. 2012). It
will provide real-time chemical forecasting in the field, to help define optimal deployment and flight
strategies. The same approach was successfully applied by Jerome Brioude during recent field
experiments (SENEX, DC3).

Figure 2: Map of La Réunion and areas of the WP3 measurements.
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WP 3B: Model development of aerosols formation, aging and cloud processing in volcanic plume
from past eruptions (Period 2015-2016)
This sub-task is dedicated to the technical implementation of numerical schemes, which are then
operated on case studies of WP3A. We aim at developing gas-cloud and aerosols parameterizations
that are involved in the aging process of volcanic plumes. In order to develop the formation, aging and
cloud processing of aerosol particles in volcanic plume in the meso-scale MesoNH model, simulations
of past eruptions will be performed serving as test cases.
MesoNH is a research mesoscale model well adapted to study the atmospherics fields at the local and
at the regional scale (Lafore et al., 1998, see mesonh.aero.obs-mip.fr). It also includes a set of on-line
parameterization important to represent the physical and chemical evolution of volcanic plume such as
(i) the ORILAM aerosols scheme (Tulet et al., 2005, Tulet et al., 2010), (ii) the chemistry scheme that
included gas-aqueous phase transformation (Tulet et al., 2003, Leriche et al., 2013), (iii) an Eddydiffusivity mass flux for convection (Pergaud et al., 2009) and (iv) a representation of surface lava
emission
derived
from
the
ForeFire
model
(Filippi
et
al.,
2009;
see
http://www.youtube.com/watch?v=k38n2yx5imk). During the past eruptions of the PdF (e.g. 2007,
April), convective clouds have been formed over the crater and over the lava (Figure 3) and in some
cases by the entrance of the lava in the sea. In addition, important quantities of sulphates particles were
detected by CALIPSO far from La Réunion over the Indian Ocean (Tulet et Villeneuve, 2010).
Thus, it seems necessary to complete the studies on the aerosol nucleation of WP3.1 by implementing
the tri-phase processes (gas, aerosol, and cloud) to model the aging of plume in cloudy conditions.
These parameterizations of cloud processing in MesoNH are a deliverable of the ANR CUMULUS.
The test cases will be high-resolution simulations of the volcanic plume (~500 m of horizontal
resolution) on two types of past eruptions: the major PdF eruption of April 2007 (Tulet et Villeneuve,
2011; Durand et al., 2014) and the moderate PdF eruption of January 2011. These two types of
eruptions will be the framework of the model evaluation and development in case of different
conditions of sulphur emission and energy release in the atmosphere. The chemical and
thermodynamical emissions during these two eruptions have been documented by LACy and OVPF
during the three last years (OMNCG program of La Réunion University, e.g. Durand et al. 2014, Di
Muro et al., 2014). The limitation in assessing the quality of simulations will clearly be the absence of
aerosol measurement during these two events. To overcome this problem, numerical simulation will
be conducted on results from the campaign PRECLOUD (Maïdo observatory) and the Puy de Dome
(ANR CUMULUS).
From these test cases, particular attentions will be made on (i) halogens and sulphur mixed in high
atmospheric concentration level and (ii) the cloud processing of sulphur. The first point aims at
developing the model by parameterizing the influence of halogens in the gas-particles partitioning. In
addition, coagulation processes including in the ORILAM scheme (Tulet et al., 2005) could also be
revisited to be updated to high concentration aerosol number environment encountered in volcanic
plumes. The second point aims at studying (i) the oxidation of SO2 into sulphuric acid (fine particles),
(ii) the aqueous transformations of SO2 in cloud droplets, (iii) the formation of new particles after
evaporation of cloud droplets, and (iv) the formation of acid rain and the deposition of SO2 and
sulphuric acid (dry and wet).
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Figure 3: MesoNH simulation (500 m of horizontal resolution) of the PdF eruption on 4 April 2007 at
12 UTC. Left: surface distribution of SO2 concentration (µg.m-3) and surface wind field. Right:
vertical cross section in the convective plume of the eruption. H2SO4 concentration (ppb) in the cloud
droplets (red) and in the rain (blue). From Durand et al., 2014 (submitted).
Sensitivity studies will be conducted to assess the relative importance of these processes in relation to
different weather conditions. MesoNH have the capability to perform idealized simulations that
permits to modify the regional atmospheric conditions. In these sensitivity studies, the chemical and
thermodynamic fluxes will be changed to study their impacts on the physico-chemical properties of
the volcanic plume (sulphur concentration, size distribution of particles, optical and CCN properties of
aerosols).

WP 3C: Integrative modelling of volcanic plume distribution and impacts (period 2017 – end)
This sub-task is in the continuation of WP3B. It focuses on the application and evaluation of the new
numerical parameterization introduced in MesoNH by comparing simulations results with the field
data observations of the observing period of the program STRAP.
The approach is integrative of data and parameterization developed during the first two years of the
program. The important inputs are (i) the estimation of thermodynamic and chemical fluxes of WP2
with a good resolution of time step (ideally about hour); the gas trace concentration and the mass and
the size distribution of aerosol and ash emitted during the period (WP2B and WP3A); (iii)
parameterization of convection to improve the altitude of injection and the wet deposition associated
to convective rains (WP2C).
High-resolution simulation (typically horizontally at 100m to 500m) aims to reproduce the plume
composition and transport during the most important days of the observing period. These simulations
will be compared with satellites product (CALIPSO/ volcanic aerosol product, MODIS/DeepBlue,
IASI), aircraft (ATR for Etna and ULM for PdF), lidar (aerosol with Raman channel for extinction
profile), handheld sun photometer, in-situ (size distribution and chemical composition of fine particles
and SO2) and UAS (turbulence, winds field and aerosol counter) of WP3A.
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Parameterization used such as convection, aerosol nucleation or gas-particles partitioning will be
evaluated and potentially updated to reproduce as well as possible the observation from the main
eruptive period.
Simulations analyses (using the separation of each atmospheric and chemical process by the budget
tools of MesoNH) will also estimate the contribution of each of the processes responsible for
secondary aerosol formation. Depending on the numerical cost and the relative importance of each
process, final specifications will be pointed out (e.g. different options include the number of aerosol
modes, the presence of chemistry, the model resolution needed, etc...).
These estimates will help the most important parameterization needed to be implemented in
operational air quality model for volcanic plume pollution such as MACC from COPERNICIUS
program (ECMWF) or the VACC model (MOCAGE) operated by Météo-France for Europe. In order
to assess the societal risks (air quality, infrastructure, ecology), the final report of the project will
include surface distribution of primary and secondary sulphur concentration and fine particles in
relation to the levels of recommendation set by the European Union. The regional distribution of wet
and dry acid deposition, aerosol and ash deposition will be estimated in function of the evolution of
the surface flux intensity, the wind regimes and the location of the crater area.

3. Risk assessment for STRAP
WP1: No real risks are identified in WP1. The coordinator will manage any problem that may occur
during the project and will adjust if needed any redistribution of tasks and funding in agreement with
ANR.
WP2A: It is possible that no significant PdF eruption appears in 2015, but this has not a major effect
on the achievement of this work package as valuable parameters can be provided from the study of
historical deposits. Besides, we also consider Etna volcano as a second target (2016), where active ash
fallout during the considered period is likely to occur. Regarding satellite measurements, the
availability of a large number of images through the HIGP (ModVolc) and OPGC archive (HotVolc
System, and OI² service), on Piton de la Fournaise, Etna and Hawai’i, ensures the feasibility of this
work.
WP2B: Petro-geochemical measurements, is not hardly impacted in case of no eruption at Pdf (2015).
Indeed, lava and pyroclasts samples can be investigated from past eruptions, but synchronous
measurements with ground-based data is not possible anymore. As a consequence, we also targeted
Etna Volcano (2016), where almost continuous passive degassing occurs, and in a very large amount.
This is a very good candidate for inter-eruptive measurements of volcanic gas.
WP2C: For convection scheme parameterization, no major risks are identified as both satellite
measurements and modelling can be carried out without active eruption and can be used to constrain
the model at a regional scale. Numerical modelling (WP2.C2) will rely on the existing Meso-NH
numerical model (Météo-France/LA) and the postdoc position asked (STRAP-ANR support) would be
able to start working in summer 2015. However, additional constraints on the dynamics of the plume
close to the vent won't be available if no volcanic plume is produced and can be investigated using the
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aerial vehicle. To prevent this drawback, Etna (2016) is also strongly considered for simultaneous
measurements.
WP3A: In case that the Etna will not be in an active eruption state during the limited time period, the
ATR-42 can still fly to Etna to study the more passive but permanent outgassing of this volcano. In
contrast, the Stromboli is active in general, however, with very limited spatial extension of the active
plume, thus scaling down the measurement domain. Within the frame of the LabEx ClerVolc the
deployment of the French research aircraft ATR-42 from SAFIRE is planned (needs to be confirmed
early 2015 for a measurement campaign in 2016) for several research flights dedicated to Etna and/or
Stromboli.

WP3B and WP3C: No real risks are identified in the modelling activity of WP3. Numerical tools on
cloud processing are on development and are supporting by two permanent positions of experts in this
domain. Past case studies are also identified for testing the numerical parameterization (Figure 3).
In case of absence of Pdf eruption, simulations will be made on the Kilauea (Hawai), volcano similar
to PdF but in permanent eruption. In case of any eruption of Etna in 2016, simulations will be made on
the Stromboli plume, this latter volcano degassing permanently.

4. Stratégie de valorisation, de protection et d’exploitation des résultats,
impact global de la proposition
Valorisation and communication are partly the aim of WP1.
Exploitation of project results
All results will be the object of peer-reviewed publications and presented to the scientific community
in workshops, meetings and conferences.
Dissemination to scientific community, key stakeholders and users
Diffusion of results of the project towards the relevant scientific community and stakeholders
(meteorological agencies, civil aviation, civil protection, …) via the Website, and by the
implementation of the data and models into the operational meteorological models designed to handle
environmental volcanic crisis (meteorological agencies, VAAC,…).
Dissemination to the public
An educational documentary with scientists and engineers at work on volcanoes with the purpose to
advertise a wide public i) to volcanic hazards associated with gas emissions, ii) to the complexity of
interdisciplinary sciences involved, iii) to progresses made during the project. This film will be
produced in collaboration with the “multimedia services” of the universities of La Reunion and Blaise
Pascal in Clermont-Ferrand.
Data management, data sharing and intellectual property strategy
Data from STRAP will comply with the data management, data sharing, and intellectual property
strategy of national funded research project and could become part of the “Observatoires des Sciences
de l’Univers” (OSU – INSU/CNRS) housed monitoring databases in compliance with the rules of
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INSU. All results obtained in the frame of this project will be open to a large community using a webbased strategy.
Contribution to the content of courses in higher education
The possibility that the approaches, data, and tools developed in the STRAP project can form the core
of new university graduate integrated course in Earth sciences and risk studies at the respective
universities of the STRAP partners will be evaluate. When possible, the lecturers involved in the
project will prepare short lectures, and free access to the lectures will be given via the Website.
Outcomes and potential impacts
- Development of operational numerical models designed for decision-making processes. The
main goal is:
(1) to understand the processes controlling the formation and evolution of volcanic clouds and
improve models that adequately take into account their complexity, and constantly changing dynamic
(2) to develop state-of-art models able to reproduce, as closely as possible, the main chemical and
microphysics processes operating at local scale and, during the transport, at regional scales in the
volcanic plumes
(3) to provide a new parameterization scheme to the Météo-France operational models, such as
AROME or MOCAGE, that are used by the VAAC (Volcanic Ash Advisory Center) in Toulouse.
- Upgrading of observing systems for better control of hazards due to active volcanoes
Volcanological observatories will benefit from results obtained in the frame of this project to improve
the monitoring and prediction of volcanic eruptions, and to improve their communication to public
authorities and inhabitants. Methods proposed to investigate volcanic fluxes, development of new,
integrated instrumental networks, and development of physicochemical analysis by drones, will have a
strong interest for monitoring volcanic crises. This latter improvement of low-cost and easily
deployable observing system, have been identified by of civil and aviation safety centres as a major
needed in case of major volcanic eruption. In this topic, STRAP will serve as an important tool for
testing these new instruments and methods.
Wider impacts
The 4th Intergovernmental Panel on Climate Change (IPCC) report identified a major need to provide
estimates for the contribution of volcanic aerosols to the climate budget (Forster et al., 2007). Direct
and indirect impacts of volcanoes have been recognised as a major source of uncertainty in models
aimed at evaluating the climate change (Robock, 2000, Roelofs et al., 2006, Yuan et al., 2011,
Oppenheimer et al., 2011, Schmidt et al., 2012, Carslaw et al., 2013). One of the indirect objectives of
this project is to provide a better estimate of the contribution of volcanic sulphuric acid (emitted
during eruptive and passive degassing) to the global Cloud Condensation Nuclei (CCN) and on the
radiative aerosols properties.
Indirectly, this project will also contribute to better analyse environmental and human health risks
related to population exposure to high concentrations of gas and particle charged air during and after a
volcanic eruption.
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5. Consortium description
5.1 Partners
Organisation

Last name

First name

Current position

Field of research

(PM)

Contribution to the project

12.6

Project coordinator and
coordination of WP1

Observatoire des Sciences
de l'Univers de La Réunion CAMMAS
(OSU-R, UMS 3365)

Jean-Pierre DR CNRS

Observatoire des Sciences
de l'Univers de La Réunion METZGER
(OSU-R, UMS 3365)

Jean-Marc

IE Université de La
Réunion

In situ observations over Maido
and ORA truck

4.2

Valentin

PHY ADJ OSU-R

Remote sensing measurements
(aerosol lidar)

4.2

Pierre

CR CNRS

Plume dispersion and chemistry
modeling.

12.6

Coordination of WP3 and
WP3C

Soline

IR CNRS

Plume dispersion and chemistry
modeling.

12.6

Participant
WP3.2
Participant of
of WP3.1,
WP3B and
and
WP3
.3
WP3C

Jérome

Scientist NOAA

Flexpart modeling

4.2

Participant of WP3A and
WP3C

Laboratoie d'Aérologie (LA, MARI
UMR 5560)

Céline

DR CNRS

Numerical modeling of plume
dynamics at a regional scale

8.4

Coordination of WP2C

Laboratoie d'Aérologie (LA,
LERICHE
UMR 5560)

Maud

CR CNRS

Cloud-processing modeling

8.4

Coordination of WP3B
Participant of WP3B and
WP3C

Karine

DR CNRS

Laboratoire de l'Atmosphère
DUFLOT
et des Cyclones (LACy,
UMR 8105)
Laboratoire de l'Atmosphère
TULET
et des Cyclones (LACy,
UMR 8105)
Laboratoire de l'Atmosphère
BIELLI
et des Cyclones (LACy,
UMR 8105)
Laboratoire de l'Atmosphère
BRIOUDE
et des Cyclones (LACy,
UMR 8105)

Laboratoire de Météorologie
SELLEGRI
Physique (LaMP, UMR
6016)

Laboratoire de Météorologie SCHWARZENBOE
Alfons
Physique (LaMP, UMR
CK
6016)
Laboratoire de Météorologie
FRENEY
Physique (LaMP, UMR
6016)

In situ observations

Aerosol observation (in-situ and 8.4
ATR) and nucleation
parameterization

PR Université Balise
ATR observation
Pascal

6.3

8.4

Evelyne

CR CNRS

Aerosol chemistry observation

Aurélie

CR CNRS

Gas chemistry observation

Régis

IR CNRS

ATR observations

Observatoire de Physique du
Globe de Clermont-Ferrand BACHELERY
(OPGC, UMS 833)

Patrick

PR LMV/OPGC

Petrological-chemical analyses
(lava/pyroclasts)

Observatoire de Physique du
Globe de Clermont-Ferrand GURIOLI
(OPGC, UMS 833)

Lucia

PHY ADJ-associée
OPGC

Physico-textural analyses
(lava/pyroclasts)

16.8

Franck

PHY ADJ OPGC

Remote sensing of explosive
eruption (radar Doppler)

6.3

Séverine

PHY ADJ OPGC

Remote sensing of volcanic gas
and in situ analyses

10.5

Laboratoire de Météorologie
COLOMB
Physique (LaMP, UMR
6016)
Laboratoire de Météorologie
DUPUY
Physique (LaMP, UMR
6016)

Observatoire de Physique du
DONNADIEU
Globe de Clermont-Ferrand
(OPGC, UMS 833)
Observatoire de Physique du
Globe de Clermont-Ferrand MOUNE
(OPGC, UMS 833)

6.3

8.4

8.4

Participant of WP3A

Participant of WP3A

Coordination of WP3A
Atmospheric observation and
nucleation parameterization
Participant of WP3A

Participant of WP3A

Participant of WP3A

Coordination of WP1,
Participant of WP2A

Participant of WP2A

Participant of WP2C

Participant of WP2B

28

DEFI

Edition 2014
GESTION SOBRE DES RESSOURCES ET ADAPTATION AU CHANGEMENT CLIMATIQUE
16.8

STRAP

Institut de Physique du
Globe de Paris

KAMINSKI

Edouard

PR IPGP

Ash plume Modelling with
specific focus on turbulent
entrainment

Institut de Physique du
Globe de Paris

VILLENEUVE

Nicolas

PHY ADJ
IPGP/OVPF

Field campaign and interpretation 12.6
of data

Participant of WP2A/B

Institut de Physique du
Globe de Paris

DI MURO

Andrea

PHY ADJ
IPGP/OVPF

Field campaign and interpretation 16.8
of data

Participant of WP2A/B

Laboratoire Magmas et
Volcans (UMR 6524)

GOUHIER

Mathieu

PHY ADJ OPGC

Satellite-based measurements of
volcanic ash and gas

Coordination of WP2 and
participant of WP2C

Laboratoire Magmas et
Volcans (UMR 6524)

FROGER

Jean-Luc

MCF UBP

INSAR measurements and source 4.2
modelling

Participant of WP2A

Laboratoire Magmas et
Volcans (UMR 6524)

HARRIS

Andrew

PR UBP

Infrared measurements of volcanic 8.4
emissions

Participant of WP2A/B

14.7

Participant of WP2C,
coordination of WP2

5.2 External partners
Organisation

Last name

First name

Current position

Field of research

(PM)

Contribution to the project

CNRM/GAME

ROBERTS

Gregory

CR CNRS

UAS observations

4.2

Participant of WP2 and
WP3A

CNRM/GAME

BURNET

Frederic

ITM Météo-France

ULM observations

2.1

Participant of WP3A

CNRM/GAME

BOURRIANNE

Thierry

ITM Météo-France

ULM observations

2.1

Participant of WP3A

SPE, Université de Corse

FILLIPI

Jean-Batiste CR CNRS

FORE-FIRE/LAVA modeling

2 .1

Expert for WP3B and WP3C

LATMOS

PELON

Jacques

DR CNRS

2.1

Expert for WP3A and WP3C

Observatoire Réunionnais
l'Air (ORA)

SIEJA

Bruno

Directeur ORA

CALIPSO observation and data
treatment
Truck in-situ observation (PdF
plume)

2.1

Participant of WP3A

ULB, Belgium

CLARISSE

Lieven

Scientist

IASI observation

2 .1

Expert for WP3A

LPC2E

ROBERTS

Tjarda

Scientist

Halogens and SO2 measurements 2.1

Participant of WP3A
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