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Synthetic Aperture Radar Doppler Anomaly Detected During the 2010 Merapi Eruption.
Marcello de Michele !, Daniel Raucoules , Urs Wegmuller 2, Christian Bignami?

In this study we report the presence of a localized Doppler anomaly occurring during the focusing of a Radarsat-2 dataset acquired on the Merapi volcano (Indonesia) during the devastating 2010 eruption.
The Doppler anomaly is manifested as a ~3km wide bull-eye shape azimuth pixels shifts between two sub-aperture images. The Doppler anomaly is centered on the summit-south flank of the Merapi
volcano. The pixel shifts reaches up to 11.6 meters. Since the Merapi volcano was undergoing a large eruption during the data acquisition, it is possible that there is a volcano-related phenomenon that has
delayed the radar signal so much to create measurable pixel offsets within a single SAR dataset, similar -but having more extensive area- to the signal generated by targets motions; similar -but having less
extensive area- to the signal generated by ionospheric perturbations. It is known that the SAR signal is delayed as it passes through heterogeneous layers of the atmosphere, but this delay typically affects
the SAR signal to a fraction of the phase cycle or few centimeters depending on the radar wavelength employed by the system. We investigate the source of this anomalous metric signal; we review the
theoretical basis of SAR image focusing and we try to provide a consistent physical framework to our observations. Our results are compatible with the SAR signal being perturbed during the actual process
of image focusing by the presence of a contrasting medium located approximately between 6 and 12 km altitude, which we propose being associated with the presence volcanic plume.
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Observations:
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The study area. The black rectangle represent the RADARSAT swath width.
Range and azimuth directions are indicated. The dashed rectangle is the footprint of following figures

Let's suppose the source of the anomaly is an atmospheric feature:
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Pixel offsets measured by sub-aperture cross correlation calculated on the SAR data acquired on the 30 of October 2010
during the Merapi volcano eruption; a) azimuth direction, b) range direction. Apparent pixel offsets measured by sub-aperture
cross correlation calculated on the SAR data acquired on the 06 of October 2010, before the Merapi volcano eruption; c)
azimuth direction, d) range direction

Based on Cumming and Wrong (2005) and the work from Meyer et al. (2009) and the
previously described geometry, we can propose a set of relationships between the
signal path lengthening / and the sub-aperture pixel offsets:
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Strong dependance on h/H, i.e. for low h the signal should be only affected
by extrem atmospheric phenomena.
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Elements for interpretation in terms of path lengthening:
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Let call ‘A" and 8" the measured maximal sub-aperture offsets (szimuth snd range s
Geometry of the sub-aperture acquisition. AT is the time separation between respectively). Let “C be the maximal absoiute signal lengthening to be estimated:
looks, At is the sub-aperture integration time, V is the along track velocity of x) = Ce ™o @ . ) "
the platform, 8,4 the squint angle of the sub aperture look. H is the distance In order to be consistent with equations (1) and (2), we propose the following z Bs
between ground surface and the sensor. h is the Line of Sight distance mu":‘““"’ 'ﬁ:’h‘;«m_:‘: :;"dl’s:“" measured anomaly and the £
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By doriving oquation (3) we obtain:
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Plot of C (absolute path length) as a function of h (relative height of the source)
from equations (6) and (7) we propose that the Doppler anomalous values can be
compatible with a source located in between 6 and 14 km altitudeyielding an
absolute wave path delay between ~19 and ~25 meters. The solution is calculated
for 3 different values of s (1 km, 1.5 km, 2 km) to give an idea of the influence of the
incertitude to the proposed solution. Fixed parameters: 4=0.056 m; H=759201 m;
A=11.3m; B=0.7 m; FM = 1773 Hz/s; AT = 0.85.
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