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Background
The Drygalski Ice Tongue, located in the Ross Sea, plays a key role in shaping local ocean dynamics and influencing sea ice , S;—’{SJ%ZO
formation. Between 2016 and 2021, Sentinel-1 SAR observations revealed the development of fractures that progressively

weakened the ice tongue. A major calving event on 15 January 2022 — triggered by the tsunami following the Hunga Tonga-— i L pd
Hunga Ha'apai volcanic eruption — resulted in the detachment of the Hunga iceberg (Figure 1). \
Synthetic Aperture Radar (SAR), particularly dual-polarimetric systems, offers continuous, high-resolution monitoring
capabilities independent of weather and daylight conditions. This study leverages Sentinel-1 SAR imagery to track the
evolution of the Hunga iceberg and to analyze the associated scattering mechanisms related to its structural changes.

M th d = | .~ — ; Figure 1. Spatiotemporal association between the Hunga Tonga—Hunga
e O S - : ' Haapal volcanic eruption (15 January 2022) and the Drygalski Ice Tongue

calving event (16 January 2022), captured by MODIS [1].

This study utilized Sentinel-1 SAR imagery to monitor the calving and morphological evolution of the Hunga iceberg. The
processing workflow—summarized in Table 1—includes pre-processing, CFAR-based iceberg detection, boundary extraction, L61°00"E L63°00"E 165°00"E 167°00"E L6°00"E

and spatiotemporal tracking. The CFAR algorithm successfully delineated the iceberg boundary in the 24 January 2022 scene =] 24 Jan 2022
(Figure 2). i
Table 1. Methodology Overview.
Step Details
: Radiometric calibration, 5x5 boxcar speckle filter, terrain correction with ASTER
1. Pre-processing
DEM
2. Iceberg Detection CFAR thresholding on HH-polarized NRCS images ,
3. Threshold Parameters Probability of False Alarm (Pfa) = 10~ Gaussian clutter assumption
4. Noise Removal Morphological filtering to eliminate small false detections
5. Boundary Extraction Canny edge detector with 2D Gaussian kernel 5 & g so K o HH
6. Temporal Analysis Profile comparison across multiple SAR acquisitions _ | | | |
Figure 2. Hunga iceberg profile extracted from the Sentinel-1 HH-polarized
7. Tools Used SNAP (ESA), MATLAB, ArcGIS NRCS (yellow contour) superimposed on the original background graytone

NRCS image (shown in dB scale).

Results
A time series of Sentinel-1 HH-polarized SAR images acquired between January 2022 and April 2023 was used to monitor il e e
the shape, drift, and seasonal behavior of the Hunga iceberg (Figure 3). & N
Seasonal analysis (Figure 4) revealed distinct behavioral patterns: % A
« Summer (October—March): Reduced sea ice allowed the iceberg to drift and rotate freely, making its boundaries clearer =4 — 11 Apr 2023
and easier to track. = | — 30 Mar 2023
* Winter (April-September): Extensive sea ice coverage restricted iceberg mobility, resulting in minimal displacement and 17 Mar 2023
limited observable structural changes. 04 Jan 2023
On 14 April 2023, a major dynamic event was observed when the iceberg fractured (Figure 5). Area comparisons of the 23 Dec 2022
resulting fragments confirmed a physical breakup. This highlights the effectiveness of SAR time series for long-term | =29 Nov 2022
monitoring of iceberg structural integrity. S - S > ] — 28 Nov 2022
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: - : . NS : - Figure 3. Tracking of Hunga's iceberg using Sentinel-1 SAR dataset, showing its drift path from
gz)%gea‘r:.dien&}t:(r)c?t?(l s[,)unr]:r(r)1fetrh(3:nuunagrslﬁ/leabri?z%grzlr)]?rér?]tzrﬁi;x}/;?itzeerd(péppt:lq_;sr:;;eer:;?er Figure 5. Fragmentation of the Hunga iceberg. so%thwest to nortﬁeast be’gfveen Janugary 2(?22 and April 2023. The iceberg ingiqtially moSed

northward before curving northeast, following a clockwise trajectory likely influenced by ocean
. | . . currents and environmental forcing.

Conclusions ’ -

i,
The Hunga iceberg exhibited seasonal variation: 5 \
** mobile in summer, restricted in winter due to seaice.
¢ A significant fracture occurred in April 2023, detected through SAR analysis.

*»* Time-series Sentinel-1 SAR imagery proved effective for tracking iceberg dynamics.

¢ Findings support the application of SAR in future polar monitoring strategies
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