Combining Ascending and Descending Sentinel-1 modes for Enhancing burned
area mapping with Normalized Radar Burn Ratio

Introduction

Effective wildfire monitoring and burned area mapping are essential for understanding fire
dynamics, mitigating environmental impacts, and supporting post-fire recovery efforts.
Synthetic Aperture Radar (SAR) data, offer unique advantages in burned area detection.
Unlike optical sensors, SAR is not affected by cloud cover or smoke, making it a valuable
tool for wildfire monitoring in challenging environmental conditions [1].

Several SAR-based indices have been developed for burned area detection, including the
Radar Burn Ratio (RBR) [1], which captures backscatter variations induced by fire-related
changes in vegetation structure. However, the effectiveness of these indices can vary
depending on factors such as land cover type and environmental conditions [2]. The
Normalized Radar Burn Ratio (NRBR) [2], which is a novel radar index, is proposed as an
enhanced SAR index that leverages Sentinel-1 C-band backscatter intensity in both VV
(vertical transmit and receive) and VH (vertical transmit, horizontal receive) polarizations to
improve burned area detection.

Results and discussions
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This study aims to evaluate the performance of NRBR under different SAR acquisition Accuracy metrics for NRBR,... NRBR .. and NRBR ..,
geometries—ascending, descending, and combined modes—to determine the optimal ,

approach for burned area mapping. By integrating ascending and descending mode Overall accuracy
acquisitions, we hypothesize that NRBR can provide a more accurate and reliable 0812 0801  0.858
delineation of burned areas compared to single-orbit approaches. The research objectives gzig 82(7)2 gzg

are: 1) to assess the effectiveness of NRBR for burned area mapping using Sentinel-1 data 1830 19.90  14.20

and ii) to compare the accuracy of NRBR derived from ascending, descending, and e
combined SAR modes.

Methodology
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The Recall metric is highest for NRBR_..,,;, (0.858), significantly outperforming NRBR ;.. (0.812) and
NRBR ;.. (0.801), which indicates that NRBR_.,,,;, effectively reduces omission errors.

The balance between Recall and Precision is further confirmed by the Dice Coefficient (91.32), which
s the highest.

» Conclusion

Normalized Radar Burn Ratio Additionally, the loU metric, which is crucial in segmentation tasks, is highest for NRBR,.,,;, (0.852),

indicating that it achieves a more accurate delineation of burned areas compared to NRBR,;,

(0.810) and NRBR,... (0.806).
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NRBR is a SAR-based index by integrating VV and VH polarizations, leveraging their
sensitivity to fire-induced changes in vegetation structure [2]. Burned areas typically exhibit
higher VV backscatter due to reduced signal attenuation from vegetation loss, while VH
backscatter decreases as volume scattering Is reduced.

Unlike previous radar index RBR, NRBR provides a stronger contrast between burned and
unburned areas with burned scars showing negative values and areas of no change
showing positive values, minimizing errors associated with land cover variations.

Conclusion

This research highlights the effectiveness of the NRBR index for mapping burned areas in
Mediterranean environments using Sentinel-1 C-band data. The combination of ascending and
descending Sentinel-1 orbits outperform single-orbit approaches across all evaluated metrics. The
integration of both orbits leads to higher accuracy, lower omission errors, improved segmentation,
and a more balanced model performance for burned area mapping.

Mathematical definition:

RBR,+ — RBRyy
RBR,; + RBRyy

NRBR=
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The model U-net [3] was trained using TensorFlow 2.2 with a batch size of 8 and the Adam
optimizer. The loss function used was categorical cross-entropy, and training was
performed over 160 epochs.

Reference data was provided by [4].
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