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Multi-scale 4D monitoring of volcanic plumes 
ü  Gas (SO2) & particles (ash, sulfate aerosols), clouds (impact on SO2/particle 

retrieval) 
ü  Multi-scale data/analysis: from local to global 
ü  Understanding of various impacts: 

ü  Local volcanological hazards during eruption 
ü  Atmospheric impacts: air quality, air trafic, climate 

A massive amount of atmospheric data is needed from multi-disciplinary communities: 
ü  Satellite (passive/active, polar-orbiting low earth orbit LEO, geostationnary 

GEO, etc..) 
ü  Ground-based remote sensing network (photometry, LIDAR) – ACTRIS-FR 
ü  Ground-based in situ air quality networks (aerosol chemistry) 

Retrospective & also near-real time analysis (NRT) 
 

⇒  Fast access to data, automated data analysis & interactive visualization are required 
 
⇒  Interdisciplinary collaborations: 

ü  Atmosphere communities: gas/particles; satellite/ground-based remote 
sensing/ground-based in situ, physics/chemistry 

ü  Atmosphere & Solid Earth-Volcanology 
=> Data Terra inter-pole 

VolcPlume portal : scientific objectives, needs & challenges 
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- Particles 
- Clouds 

AERIS & Data Terra highlights: https://www.data-terra.org/en/volcplume-a-unique-platform-for-the-monitoring-and-4d-analysis-of-volcanic-plumes/ 

Ground 

VolcPlume Portal: multi-scale NRT 4D monitoring & analysis of volcanic plumes 
 ANR & AERIS projects - PI: M. Boichu (LOA), data visualisation engineer: T. Mathurin (ICARE)    




LIDAR	(METIS)	

PI:	P.	Goloub	(LOA)	

PI:	V.	Riffault	
	(IMT	N.	Europe)	

ACSM	

TROPOMI	SO2	

Lille (ATOLL) 

Cumbre Vieja 
(La Palma) 

AERONET	fine	mode	AOD	

Characterization of volcanic sulfate aerosols 
ü  TROPOMI: SO2 rich-plume toward Lille 
ü  Lille/ATOLL instrumental platform:   

ü  AERONET: excess fine mode particles  
ü  LIDAR: weakly depolarizing particles < 4 km  
ü  ACSM: excess SO4 ground concentration 

Impact on the French air quality of the Cumbre Vieja eruption  
(La Palma, Canary Islands, 2021) 



S e n t i n e l - 5 P / T RO POM I 	 ( S O 2 , 	 a e r o s o l s , 	 c l o u d s ) 	

ME TO P / I A S I 	 ( S O 2 ) 	

•  TROPOMI	SO2-{n}km:	sulfurdioxide_total_vertical_column_{n}km	dataset	in	S5P	L2	SO2	product	
•  TROPOMI	Cloud	Fraction:	cloud_fraction	dataset	in	S5P	L2	CLOUD	product	
•  TROPOMI	Aerosol	Index:	aerosol_index_340_380	dataset	in	S5P	L2	AER_AI	product	
•  TROPOMI	Aerosol	Layer	Height:	aerosol_mid_height	dataset	in	S5P	L2	AER_LH	product	

•  IASI	SO2-{n}km:	{n}km	height	data	within	SO2_all_altitudes	dataset	in	METOPB	LATMOS	L2	SO2	product	
•  IASI	SO2-interpolated:	SO2_interpolated	dataset	in	METOPB	LATMOS	L2	SO2	product	
•  IASI	SO2-height:	SO2_vertical_level	dataset	in	METOPB	LATMOS	L2	SO2	product	

G EO S T A T I ONA R Y 	 S A T E L L I T E S 	 ( G O E S 1 6 , 	 G O E S 1 7 , 	 H I M A W A R I 8 , 	 M S G 2 , 	 M S G 4 ) 	

E CMWF / E R A 5 	 ERA5	Wind:	u,	v	wind	components	datasets	from	ERA5	pressure-level	reanalysis	products	

•  GEO	ASH/Natural	False	Color:	SEVIRI-Like	RGB	compositions	(user	guide,	recipes)	from	L1B	products	
•  GEO	Brightness	Temperature:	IR	channels	(10.3,	10.4,	10.8,	11.2,	12.0	µm	depending	on	instrument)	from	L1B	products	
•  GEO	SO2	(GOESNG	and	HIMAWARI	only):	NOAA	SO2	RGB	composition	(reference)	
•  GEO	Cloud	Top	Altitude:	ctth_alti	dataset	in	SAFNWC	GEO	CLOUD	products	
•  GEO	Cloud	Top	Pressure:	ctth_pres	dataset	in	SAFNWC	GEO	CLOUD	products	
•  GEO	Cloud	Top	Temperature:	ctth_tempe	dataset	in	SAFNWC	GEO	CLOUD	products	

C A L I P S O / C A L I O P 	 s p a c e - b a s e d 	 L I D A R 	 ( a e r o s o l s ) 	

MOD I S 	 & 	 P O L D E R 	 ( a e r o s o l s ) 	

VolcPlume Portal: satellite (SO2 gas/particles) & modeling products 
 

A u r a / OM I 	 & 	 S UOM I - N P P / OMP S 	 ( S O 2 ) 	

(SO2	&	ash)	



A E RON E T 	 s u n / l u n a r 	 p h o t om e t r i c 	 n e t w o r k 	

I n 	 s i t u 	 a i r 	 q u a l i t y 	 G E OD ’ A I R 	 n e t w o r k 	 ( S O 2 , 	 PM ) 	

L I D A R 	 n e t w o r k 	 ( A C T R I S - F R ) 	

I n 	 s i t u 	 a i r 	 q u a l i t y 	 A C SM 	 ( A e r o s o l 	 C h em i c a l 	 S p e c i a t i o n ) 	
n e t w o r k 	 ( S O 4 , 	 N H 4 , 	 O r g , 	 N O 3 , 	 C l ) - 	 o n g o i n g 	 	

I n S A R 	 ( R a d a r 	 i n t e r f e r om e t r y ) 	 – 	 S e n t i n e l - 1 	

V i s i b l e 	 i m a g e r y 	 ( S e n t i n e l - 2 	 & 	 P l é i a d e s ) 	

H2020 FAIR EASE project with Data Terra

Collab: LOA, AERIS/ICARE, IPGP, ForM@TER


VolcPlume Portal: vertical distributions of volcanic plumes  
& atmospheric impacts down to the ground (3D) 

Toward a « Volcano Space Observatory » -  
an interdisciplinary project: Atmosphere & Solid Earth/Volcanology 



 


Remote sensing

•  Multispectral: ash/gas monitoring

→ eruptive dynamics 💥 / air traffic (VAAC) ✈  & air quality 😷 

•  Radar: see through plumes → crater morphology 🌋

•  Visible: deposit volumes → ash mud hazards 🏚

•  Infrasound: «hear » explosions → explosive dynamics 💥
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Data	Terra/Inter-poles:	
	
	
H2020	Fair-Ease	project	
«	Volcano	space	observatory	»	
(LOA,	Univ	Lille	&	IPGP,	Univ	Paris)	

Near-real time monitoring of explosive activity from space  
(Soufrière Saint-Vincent eruption, April 2021) 



≈26	km	
≈21km	

Hunga Tonga eruption & impact on climate: a young plume remarkably rich in 
sulfate fine aerosols & poor in coarse ash particles 
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Hunga Tonga particle properties:  
a multi-station analysis of AERONET ground-based data 


