ASSESSMENT OF DIFFERENT SYNTHETIC APERTURE RADAR (SAR) SYSTEMS FOR

MAPPING FLOATING PUMICE RAFTS AFTER SUBMARINE VOLCANIC ERUPTIONS
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Pumice is a highly porous and lightweight rock that is formed by rapid cooling of lava during
volcanic eruptions. The high buoyancy of pumice allows clasts to float on the water surface and
to consolidate into larger rafts. Rafts can reach sizes of up to several hundred or even thousands
of square kilometers, drift for up to several months before either sinking to the ocean floor due
to water logging, dissolving into dust through abrasion or reaching coastlines where they beco-
me stranded.” The ecological and economic impact of pumice rafts can be extensive, as they ha-
ve the potential to block harbors and to cause damage to ships which may lead to a disruption
of maritime traffic. Tourism can also be affected due to health risks posed by sharp pumice frag-
ments. Furthermore, submarine life can be disturbed by the obstruction of sunlight due to the
floating rafts.’

SAR data from Sentinel-1, TerraSAR-X (TSX), and ALOS-2 were processed using standardized
workflows. Sentinel-1 data were processed in SNAP with orbit correction, noise removal, calib-
ration to sigma nought, Refined Lee speckle filtering, georeferencing, and conversion to dB sca-
le. TSX data were calibrated and filtered using the IDAN speckle filter. ALOS-2 data were acces-
sed via Google Earth Engine, orthorectified using the ALOS World 3D DEM, and calibrated to
gamma nought (in dB). No speckle filtering was applied to ALOS-2 due to its coarse resolution.

-

[ SAR Scene

"Technical University of Applied Sciences Wiirzburg-Schweinfurt (THWS)

‘German Aerospace Center (DLR)

. ntoducon Results and Discussion

b

Figure 1: SAR processing workflow. S-1 processing begins at Orbit Application (*) and TSX at Calibration (**), reflecting sensor-specific pre-
processing levels. Georeferenced ALOS-2 data on the GEE was only calibrated to decibel gamma nought.
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Figure 2: Pumice raft generated by the Fukutoku-Oka-no-Ba eruption monitored by TSX. A: September 4, 2021 captured in VV and B: VH
polarization. C: September 9, 2021 captured in HH and D: HV polarization. E: September 13, 2021 captured in HH and F: VV polarization.
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Pumice rafts were generally detectable in SAR imagery across all three satellite missions, with
co-polarized channels consistently offering better visibility than cross-polarized ones. Frag-
mented pumice, however, was often missed, despite being visible in optical data. This is likely
due to pumice floating just below the water surface, where it becomes effectively invisible to
radar. The lack of detection is not due to spatial resolution but rather the physical interaction
between pumice and water. As pumice becomes waterlogged and disperses over time, especial-
ly far from the eruption site or near coastlines, its surface signature weakens and fades from
SAR imagery. This makes long-term monitoring with SAR alone unreliable. Differences in back-
scatter across SAR wavelengths were also observed. In ALOS-2 L-band images, pumice showed
lower backscatter values than the surrounding sea, while in TSX (X-band) and Sentinel-1 (C-
band) it generally appeared brighter. This indicates that both the radar wavelength and sea
surface roughness influence detection capability. Cross-polarized data suffered from greater
noise and captured less of the raft extent than co-polarized imagery, which proved more stable.
Radar polarimetry did not add value due to system noise over open water, which prevented me-
aningful interpretation of polarimetric decomposition products. While SAR enables tracking
even under cloud cover, it is best suited for short-term monitoring, and optical data remains
more reliable for detecting dispersed pumice over time. A combined multi-sensor approach
would offer the most complete monitoring capability.
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Figure 3: ALOS-2 monitoring the pumice raft generated by the Fukutoku-Oka-no-Ba eruption on August 23, 2021 in HV (left) and HH (right).
The difference between the signal strength and the resulting system noise becoming visible is clearly discernable in comparison of the co—
and cross-pol channels.

179°10'W 179°W
- . :

178°50'W 178°40'W 179°10'W 179°W 178°50'W 178°40'W

18°5 18°S

18°10'S 18°10'S

18°20'S 18°20'S

Sigma Nought (dB)
-11.086

l -19.091

178°40'W

18°30'S- 18°30'S

|||||

179°10'W 179°W

178°50'W

179°10'W 179°W 178°50'W

Figure 4: Pumice raft on September 2, 2019 from the "Volcano F' eruption in Tonga, RGB image from Aqua (left) and SAR backscatter coeffi-
cient (Sigma nought) from Sentinel-1 in VV polarisation (right). Optical imagery was captured approximately 15 hours before the SAR data.
Coastlines superimposed in red.

Conclusions

SAR data from TSX, Sentinel-1, and ALOS-2 can track pumice rafts shortly after eruption, especi-
ally using co-polarized channels. However, dispersed pumice fragments were not detected over
time, limiting SAR’s use for coastal hazard monitoring. SAR is less effective than optical imagery
overall but remains valuable when clouds or ash obscure optical views. Combining SAR with op-
tical data can improve detection under challenging conditions. Future work should focus on in-
tegrating both data types and, as more examples become available, explore automated map-
ping using machine learning. These findings can also support tracking of floating debris after
storms or tsunamis.
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