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How can satellite  detect volcanic ash clouds ?  

Å Operational IR systems use ash reverse absorption effect  [Prata, 1989]  

Å Total Ozone Mapping Spectrometer (TOMS) pioneered UV technology  

ïUse SO2 as proxy  for ash                    [ Krueger , Science 1983 ]  

ïUse Aerosol Index (AI) for ash mass   [ Krotkov et al GRL 1999 ]  

IR: T11-T12 UV aerosol Index UV SO2 

Infrared (IR) transmittance Ultraviolet (UV) solar reflection 



Near-disastrous volcanic cloud encounter 

Galunggung ash cloud 

~2 g/m3 ash? 



Aura / Ozone Monitoring Instrument  (OMI) 
continues 30+ year O3 , aerosol and 
volcanic SO2 records 

ÅLaunched on NASA EOS Aura platform in 
2004 ï in operation  

ÅJoint Dutch-Finnish Instrument with 
Duch/Finish/U.S. Science Team 

Å PI: P. Levelt, KNMI 

Å Hyperspectral wide FOV Radiometer 

Å270-500 nm 

Å13x24 km nadir footprint (highest UV 
resolution from space ! )  

ÅSwath width 2600 km ( contiguous 
coverage ) 

Å Radicals: Column O3, NO2, BrO, OClO 

Å O3 profile ~ 5-10 km  vert resolution 

Å Tracers: Column SO2 , HCHO 

Å Aerosols (smoke, dust and sulfates) 

Å Cloud top press., cloud coverage 

Å Surface UVB 

Å Tropospheric ozone 

13 km 
 

(~2 sec flight)) 2600 km 

      12 km/24 km (binned & co-added) 

flight direction 

» 7 km/sec 

viewing angle 
±  57 deg 

2-dimensional CCD 

wavelength  

~ 580 pixels 
~ 780 pixels 



OMI Aerosol Index (AI)         and    SO2 

 

This eruption is unusual because effusive eruptions typically emit limited ash 

that falls locally.  Here, glacial melt produced much phreatic fine ash that drifted 

at relatively low altitudes. 

Total SO2 mass  

~3000-4000 tons. 

April 15 

April 16 



at 2 km 

OMI Aerosol Index  

PUFF MODEL 

Satellite data on volcanic 

cloud location and height can 

be used to re-initialize and 

validate dispersion models  

ÅPUFF model drives clusters 

of parcels with NOAA GFS 

winds 

ÅPlume base height of 2 km 

better matches trailing 

Western edge 

ÅPlume base height of 9 km 

better matches leading 

Eastern edge 

ÅConclusion:  Early eruption 

at 8-10 km  followed by low 

altitude ash emissions   

April 15 

Initialize models using observed locations   

PUFF model at 9 km 



NOAA OMI volcanic  near-real-time (NRT) web site 

Å Iceland and North Europe sectors added at 1:00 PM on April 15  



OMI  SO2   

http://satepsanone.nesdis.noaa.gov/pub/OMI/OMISO2/iceland.html 

 

OMI  Aerosol Index  

OMI SO2 is used 

as proxy for 

volcanic clouds, 

can be seen 

longer than ash 

OMI UV Aerosol Index 

(AI) shows directly 

sunlight reflection by 

ash  



5/7/2010, 12:00 UTC 

Advanced IR data for volcanic clouds studies 

MSG/ SEVIRI 

Mass 

Loading ÅInfrared effective absorption 

optical depth ratios are used 

to identify volcanic ash 

pixels (Pavolonis, 2010). 

ÅInfrared measurements and 

microphysical models of ash 

are used to retrieve ash 

height, mass loading, and 

effective particle radius in an 

optimal estimation 

framework. 

ÅWhile the volcanic ash 

detection and retrieval 

algorithm works best on 

SEVIRI, MODIS and GOES-R, 

it can be applied to GOES, 

MTSAT, FY2C, and AVHRR 

using a bi-spectral 

technique. 

Ash 

Height 

Ash 

size 



White: SEVIRI Heights 

SEVIRI IR ash height retrieval 

comparison with CALIOP 

(space lidar) on May 6 

The SEVIRI  IR ash cloud heights 
(white circles) closely match the 
CALIPSO cloud top boundary.   


