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Introduction

This supplementary information presents additional graphics and movies showing examples of

the tracking of bedforms along movie frames and in satellite images. We note that data supporting

our findings are available in open repositories1–6.

Additional figures

FIG. 1. Example of dune labeling using the CVAT platform (https://www.cvat.ai/). Case for subaqueous

experiments.

FIG. 2. Example of dune labeling using the CVAT platform (https://www.cvat.ai/). Case for subaqueous

experiments.

2



FIG. 3. Example of dune labeling using the CVAT platform (https://www.cvat.ai/). Case for subaqueous

experiments.

FIG. 4. Example of dune labeling using the CVAT platform (https://www.cvat.ai/). Case for subaqueous

experiments.

FIG. 5. Example of dune labeling using the CVAT platform (https://www.cvat.ai/). Case for subaqueous

experiments in the initial stage of an exchange pattern.
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FIG. 6. Example of dune labeling using the CVAT platform (https://www.cvat.ai/). Case for subaqueous

experiments in the intermediate stage of an exchange pattern.

FIG. 7. Example of dune labeling using the CVAT platform (https://www.cvat.ai/). Case for subaqueous

experiments in the final stage of an exchange pattern.

FIG. 8. Example of dune labeling using the CVAT platform (https://www.cvat.ai/). Case for Martian dunes.

Courtesy NASA/JPL-Caltech/UArizona.
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FIG. 9. Example of dune labeling using the CVAT platform (https://www.cvat.ai/). Case for Martian dunes

Courtesy NASA/JPL-Caltech/UArizona.

FIG. 10. Example of dune labeling using the CVAT platform (https://www.cvat.ai/). Case for eolian

(Earth’s) dunes. Courtesy Google Earth.
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FIG. 11. Evolution of the mean average precision mAP along the epochs for images from experiments. For

this training we used 7455 images, of which 876 for validation. The used images are available in an open

repository5.

FIG. 12. Evolution of the mean average precision mAP along the epochs for satellite images. For this train-

ing we used 12395 images, and 2376 for validation. The used images are available in an open repository6.
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10 cm

FIG. 13. Snapshots placed side by side of two barchans interacting in a pattern called fragmentation7. The

images were taken from the open repository1 created by Assis and Franklin7, from which we selected some

time instants shown on the top of each snapshot. The instants were numbered from t1 to t7 (shown in orange

on the top), a length scale is shown on the bottom left, the boxes enclosing the identified objects are shown

in white, and the outline of objects are shown in green. Each object has a label (Shape 1 to Shape 3) which

is kept until the last image, and the classes Barchan and Not a barchan are shown for each object with the

corresponding confidence score. In the images, water flow is from top to bottom.
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FIG. 14. Time evolution of morphology and position of interacting bedforms for the case shown in Fig. 13:

(a) aspect ratio W/L; (b) mean horn length Lh; (c) longitudinal position Py of the centroid of bedforms; and

(d) Area A of the horizontal projection of the bedform surface. Time instants corresponding to the snapshots

of Fig. 13 are shown in all panels. The mean horn length is Lh = (Lhr +Lhl)/2.
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FIG. 15. Snapshots placed side by side of of two barchans interacting in a pattern called fragmentation7.

The images were taken from the open repository1 created by Assis and Franklin7, from which we selected

some time instants shown on the top of each snapshot. The instants were numbered from t1 to t7 (shown in

orange on the top), a length scale is shown on the bottom left, the boxes enclosing the identified objects are

shown in white, and the outline of objects are shown in green. Each object has a label (Shape 1 to Shape

3) which is kept until the last image, and the classes Barchan and Not a barchan are shown for each object

with the corresponding confidence score. In the images, water flow is from top to bottom.
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FIG. 16. Time evolution of morphology and position of interacting bedforms for the case shown in Fig. 15:

(a) aspect ratio W/L; (b) mean horn length Lh; (c) longitudinal position Py of the centroid of bedforms; and

(d) Area A of the horizontal projection of the bedform surface. Time instants corresponding to the snapshots

of Fig. 15 are shown in all panels. The mean horn length is Lh = (Lhr +Lhl)/2.
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FIG. 17. Snapshots placed side by side of of two barchans interacting in a pattern called chasing7. The

images were taken from the open repository1 created by Assis and Franklin7, from which we selected some

time instants shown on the top of each snapshot. The instants were numbered from t1 to t7 (shown in orange

on the top), a length scale is shown on the bottom left, the boxes enclosing the identified objects are shown

in white, and the outline of objects are shown in green. Each object has a label (Shape 1 and Shape 2) which

is kept until the last image, and the classes Barchan and Not a barchan are shown for each object with the

corresponding confidence score. In the images, water flow is from top to bottom.
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FIG. 18. Time evolution of morphology and position of interacting bedforms for the case shown in Fig. 17:

(a) aspect ratio W/L; (b) mean horn length Lh; (c) longitudinal position Py of the centroid of bedforms; and

(d) Area A of the horizontal projection of the bedform surface. Time instants corresponding to the snapshots

of Fig. 17 are shown in all panels. The mean horn length is Lh = (Lhr +Lhl)/2.

FIG. 19. HiRISE image8 showing a field of barchans undergoing complex interactions on the surface

of Mars: 23.190◦ latitude (centered), 339.585◦ longitude (East), spacecraft altitude 287.3 km. Courtesy

NASA/JPL-Caltech/UArizona. The detection boxes, class type, confidence score and outline are superposed

with the image.
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500 m

FIG. 20. HiRISE image8 showing a field of barchans undergoing complex interactions on the surface

of Mars: -41.488◦ latitude (centered), 44.589◦ longitude (East), spacecraft altitude 253.8 km. Courtesy

NASA/JPL-Caltech/UArizona. The detection boxes, class type, confidence score and outline are superposed

with the image.
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1 Km

FIG. 21. HiRISE image8 showing a field of barchans undergoing complex interactions on the surface

of Mars: 74.884◦ latitude (centered), 279.346◦ longitude (East), spacecraft altitude 317.6 km. Courtesy

NASA/JPL-Caltech/UArizona. The detection boxes, class type, confidence score and outline are superposed

with the image.
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500 m

FIG. 22. HiRISE image8 showing a field of barchans undergoing complex interactions on the surface

of Mars: -41.488◦ latitude (centered), 44.589◦ longitude (East), spacecraft altitude 253.8 km. Courtesy

NASA/JPL-Caltech/UArizona. The detection boxes, class type, confidence score, and outline are super-

posed with the image.
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FIG. 23. Medium-resolution image (15 m per px) showing a field of barchans undergoing complex interac-

tions on the Sahara desert: 21.314◦ latitude, -16.805◦ longitude, March 2016. Courtesy Google Earth Pro.

The detection boxes, class type, confidence score, and outline are superposed with the image.

FIG. 24. Medium-resolution image (15 m per px) showing a field of barchans undergoing complex inter-

actions on the Nazca desert: -15.278◦ latitude, -74.878◦ longitude, June 2012. Courtesy Google Earth Pro.

The detection boxes, class type, confidence score, and outline are superposed with the image.
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FIG. 25. Low-resolution image (30 m per px) showing a field of barchans undergoing complex interactions

on the Nazca desert: -15.305◦ latitude, -74.875◦ longitude, July 2013. Courtesy Google Earth Pro. The

detection boxes, class type, confidence score, and outline are superposed with the image.

FIG. 26. Medium-resolution image (15 m per px) showing a field of barchans undergoing complex inter-

actions on the Hexi desert: 40.012◦ latitude, 98.262◦ longitude, 2022. Courtesy Google Earth Pro. The

detection boxes, class type, confidence score, and outline are superposed with the image.
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FIG. 27. First medium-resolution image (20 m per px) of a time sequence, showing a field of barchans

undergoing complex interactions on the Sahara desert: 21.52◦ latitude, -16.73◦ longitude, from satellite

Sentinel-2-L2A. Courtesy Copernicus EU9. The detection boxes, class type, confidence score, and outline

are superposed with the image. Date: December 2017
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FIG. 28. Second medium-resolution image (20 m per px) of a time sequence, showing a field of barchans

undergoing complex interactions on the Sahara desert: 21.52◦ latitude, -16.73◦ longitude, from satellite

Sentinel-2-L2A. Courtesy Copernicus EU9. The detection boxes, class type, confidence score, and outline

are superposed with the image. Date: February 2018
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FIG. 29. Third medium-resolution image (20 m per px) of a time sequence, showing a field of barchans

undergoing complex interactions on the Sahara desert: 21.52◦ latitude, -16.73◦ longitude, from satellite

Sentinel-2-L2A. Courtesy Copernicus EU9. The detection boxes, class type, confidence score, and outline

are superposed with the image. Date: January 2019
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FIG. 30. Fourth medium-resolution image (20 m per px) of a time sequence, showing a field of barchans

undergoing complex interactions on the Sahara desert: 21.52◦ latitude, -16.73◦ longitude, from satellite

Sentinel-2-L2A. Courtesy Copernicus EU9. The detection boxes, class type, confidence score, and outline

are superposed with the image. Date: January 2020
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FIG. 31. Fifth medium-resolution image (20 m per px) of a time sequence, showing a field of barchans

undergoing complex interactions on the Sahara desert: 21.52◦ latitude, -16.73◦ longitude, from satellite

Sentinel-2-L2A. Courtesy Copernicus EU9. The detection boxes, class type, confidence score, and outline

are superposed with the image. Date: January 2021
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FIG. 32. Sixth medium-resolution image (20 m per px) of a time sequence, showing a field of barchans

undergoing complex interactions on the Sahara desert: 21.52◦ latitude, -16.73◦ longitude, from satellite

Sentinel-2-L2A. Courtesy Copernicus EU9. The detection boxes, class type, confidence score, and outline

are superposed with the image. Date: March 2022
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FIG. 33. Seventh medium-resolution image (20 m per px) of a time sequence, showing a field of barchans

undergoing complex interactions on the Sahara desert: 21.52◦ latitude, -16.73◦ longitude, from satellite

Sentinel-2-L2A. Courtesy Copernicus EU9. The detection boxes, class type, confidence score, and outline

are superposed with the image. Date: January 2023
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FIG. 34. Eighth medium-resolution image (20 m per px) of a time sequence, showing a field of barchans

undergoing complex interactions on the Sahara desert: 21.52◦ latitude, -16.73◦ longitude, from satellite

Sentinel-2-L2A. Courtesy Copernicus EU9. The detection boxes, class type, confidence score, and outline

are superposed with the image. Date: January 2024
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FIG. 35. Time evolution of the longitudinal position Py of the centroid of bedforms detected in the time

sequence of Figs. 27 to 34. The key shows the colors user for each tracked bedform.
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FIG. 36. Time evolution of the aspect ratio W/L of bedforms detected in the time sequence of Figs. 27 to

34. The key shows the colors user for each tracked bedform.
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