
SO2 as a proxy for volcanic ash 
in aviation hazard avoidance

Infrared Atmospheric Sounding Interferometer - IASI

ABSTRACT: Airborne volcanic ash poses a significant danger to aircraft but is difficult to quantify accurately using satellite data, while the less dangerous sulphur dioxide is much easier to detect accurately. This paper looks at 
the reliability of using SO2 as a proxy for the location of volcanic ash, using an SO2 retrieval from the Infrared Atmospheric Sounding Interferometer (IASI) and ash detections from IASI and the Advanced Along Track Scanning 
Radiometer (AATSR). It focuses on the eruptions of Eyjafjallaj¨okull in 2010 and Puyehue in 2011. Results find that the amount of ash missed by assuming the two species are collocated is significant in both eruptions, 
although the trends in the two eruptions are not the same, highlighting the fact that both species must be independently tracked for hazard avoidance. The relative sensitivities of the two instruments to ash are also investigated, 
as is the relationship between the lower detection limits and the published ‘no-fly’ ash concentrations.
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Conclusions

For the purposes of detecting ash in order to protect aircraft, SO2 detection 
alone is insufficient and, although much of the missed ash will be very low in 
concentration, some may still be in high enough concentrations to cause 
damage to aircraft. If using satellite data, a reliable real-time ash detection 
method should be used in conjunction with the SO2 measurement to 
accurately track the presence of volcanic ash, ideally with a verified ash and 
SO2 height retrieval as well. 
Aircraft should avoid any areas which may contain ash, and SO2 should
be used as a guide to the position of ash, but certainly not as a definitive 
indication, although it is still important to detect and track SO2 as it is an 
important volcanic product in other areas, just not in detecting hazards to 
aviation.
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IASI in on board of METeorological OPerational satellite program (METOP), an European meteorological 
satellite that is operational from 2007. METOP is the first of three polar satellite system (EPS) that will cover 
fourteen years. It cross the equator at the local time of 9.30 am. IASI is a Fourier transform spectrometer, 
that measures the spectral range 645 to 2760 cm-1 (3.62−15.5μm) with a spectral sampling of 0.25 cm-1 and a 
apodised spectral resolution of 0.5 cm-1. Radiometric accuracy 0.25-0.58K. The IASI field of view (FOV) 
consists of four circles of 20 km diameter (at nadir) inside a square of 50 x 50 km, step-scanned across track 
(30 steps). It has a 2000 km swath and nominally can achieved the global coverage in 12 hours (although 
there are some gaps between orbits at the equatorial tropical latitudes). Radiances are collocated with the 
Advanced Very High Resolution Radiometer (AVHRR) that can be potentially useful, with complementary 
visible/near infrared channel, for cloud and aerosol retrieval. IASI make nadir observation of the earth 
simultaneously with Global Ozone Monitoring Experiment (GOME-2) also on board of METOP. GOME-2 is 
an UV spectrometer that contain also the SO2 signature in the UV absorption band and have been used for 
both DOAS and Optimal estimation retrieval of SO2. 
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The optimal estimate of x taking into account total 
measurement error may be computed as:

Sytot is computed considering an appropriate ensemble of N 
measured spectra to construct an estimate of total measurement 
error variance-covariance Syobs

[Rodger 2000]

[ Walker, Dudhia, Carboni, AMT , 2011 ]

AATSR measures the radiance over seven different channels ranging from the visible to the thermal infrared. One of the defining features of 
AATSR is the fact that it takes two images, one of which is a nadir view and the other a forward view at a zenith angle of 55◦.
The instrument has a swath width of 512 km (with 555 pixels across the nadir swath and
371 pixels across the forward swath) and global coverage is achieved every 3–6 days. The spatial resolution of this instrument  is 
better than that of IASI (  1km as opposed to∼

 ∼ 12 km), but the small swath width and relatively infrequent coverage of any particular area reduces the number of  coincident 
measurements from AATSR.

The exact condition for ash to be flagged is the following:

BT10.8 − BT12.0 < −0.1 

BT10.8 − BT3.7 < −20.0 

The additional condition on the brightness temperature difference between the 3.7 μm and 10.8 μm channels is also imposed as 
a means of removing false detections, as high, cold ice cloud can also produce a negative 10.8–12 μm brightness temperature 
difference.
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For IASI ash detection see A. Smith poster

IASI is slightly less sensitive to ash then AATSR

In April and May 2010 there was a major eruption
of the Eyjafjallaj¨okull volcano, Iceland (63.63◦ N,
19.62◦W; 1666m a.s.l.), with the main explosive 
phase of the eruption beginning on 14 April. IASI 
data from the period 14 April to 17 May were 
studied, with two images per day, and a limited 
selection of AATSR images were also available for 
comparison with IASI, so the behaviour of the two 
species could be observed over the period of a 
whole month. 

There is the possibility that areas which are 
detected as containing only SO2 may in fact contain 
ash at concentrations below the detection 
thresholds for the two satellites. Figure 7 shows an 
indication of the column amount of SO2 present in 
each pixel for IASI, and Figure 8 shows the 
brightness temperature difference (described in 
section 1.2.2) for the AATSR data, which gives a 
first order indication of the amount of ash present.


