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Glaciers are critical components of Earth's hydrological cycle and are important indicators of climate change [2]. They serve as reservoirs of fresh water and their melting can contribute to sea level rise. Therefore, monitoring glacier dynamics can help improve climate prediction models and provide a better understanding of temperature evolution in a region. One key parameter for estimating changes in ice volume in response to global warming is glacier surface velocity. This study focuses on estimating the surface motion of the Viedma glacier and its effective surface between 2018 and 2022. To distinguish ice from snow, the NDSI and NDWI indices have been computed. This allows for further determination of the effective glacier extent and the movement of the front-line.

Problem, context and objectives

The study area is located in south-west Argentina, close to the Chilean border, and is part of the Lake Viedma valley glacier, which covers an area of 13,000 square kilometers. The Viedma glacier is one of the largest and most dynamic glaciers in the Andes, with a reported loss of 10-20% of its total surface area due to melting [1] whereas it is considered as a strategic water resource for the Pentagonia region. This study focuses on a specific area of 50 km² centered around the end of the Viedma glacier, where it flows into the Lake Viedma, to better understand both its spatial and temporal behavior. To achieve our objectives, we utilized two sets of images. The first set consisted of Sentinel-2 images, which provided spectral information necessary for calculating NDSI and NDWI in the visible, NIR, and Short-Wave Infrared (SWIR) spectrum. The second set comprised Sentinel-1 images that allowed us to determine the velocity of the glacier over a two-month period. We obtained the data from Luxembourg Space Agency (LSA) and processed it using the Python environment and SNAP software for multispectral and radar images, respectively. To reduce the impact of snow and obtain a more accurate estimate of the glacier's velocity near the front zone, we collected data during the same and warmer period of each 12-month cycle.
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Conclusion and perspectives

This study aimed to map the extent of Viedma glacier over a 4-year period, from December 2018 to January 2021. In this research, 4 satellite images had been used to map the glacier area via the Normalized Difference Snow Index (NDSI), which is based on the visible and short-wave infrared part of the electromagnetic spectrum. The NDSI formula had been applied to the Green and SWIR bands of Sentinel 2 imagery to generate glacier extent map. The latter had been then compared with reference data from the Global Land and Ice Measurement from Space (GLIMS) for validation.

In addition, the water/glacier front-line and surface flow speed have been estimated to monitor changes in the frontal zone between the glacier and Viedma lake. The Normalized Difference Water Index (NDWI) was computed and help better identify the front line between the water bodies.

Surface flow speed is an important indicator of glacier dynamics, and a pair of sentinel-1 radar images, on November 25 th , 2022, and January 12 th , 2023, was used to determine the surface flow speed of Viedma glacier. The offset feature-tracking algorithm allowed the computing that metric using the version 9.0.0 of SNAP software.

Evaluation of temporal dynamics of the Viedma glacier in the Patagonia region reveals:

• A general trend of glacier retreat in the area • A retreat length of 750 meters from 2018 to 2021

To ensure the accuracy of the results, the outline of the Viedma glacier obtained from Sentinel-2 images is compared with GLIMS data and similar research.

Results show a difference of 13 km² in the glacier's boundaries in 2021, indicating that the front line has retreated from one year to another.

This study highlights the capability of Sentinel images to monitor the Viedma glacier in the border of Argentina and Chile. By evaluating the temporal glacier inventories between 2018 and 2022, we found evidence that the selected glacier is retreating, a behavior that may be associated with the effects of climate change in the region. Although the study period is short and the acquisition date of GLIMS data isn't certain, several observations strongly indicate that the glacier is experiencing significant retreat and is highly active. This is supported by the following evidence:

• A retreat of 2.5 km between the GLIMS data acquisition (assumed to be 2016) and 2018,

• A retreat of 750 m between 2018 and 2021,

• The observed range of the glacier's velocity up to 3 m/day.

It is important to continue monitoring glaciers, which serve as a sensitive indicator of climate change and a valuable source of fresh water around the world.

Radar data from Sentinel-1 shows :

• Average speeds ranging from 0 to 3 m/day using the offsettracking algorithm • Maximum velocity of the glacier is 3.07 m/day Similar velocities values have been reported for the Viedma glacier [2]. Indeed, glacier velocity is a reliable indicator of glacier volume and, to some extent, temperature.

This finding can be supported by an analysis of elevation data for the glacier area to improve or validate the current results. • Overall results suggest that the retreat of the Viedma may be associated with climate change in the region, but a longerterm analysis using Landsat data is necessary to confirm this statement. Indeed, Sentinel data is available only from 2016, while Landsat data allows for monitoring over a longer period.

Data acquisition

• Images from 2020 were excluded from the analysis due to excessive snow cover. The surface value observed in the graphic results in an interpolation computation.

Results and discussions

Abstract

In the current context of climate change, the study of glaciers is crucial as they serve as indicators of rising temperature. This study specifically focuses on monitoring the Viedma glacier using data obtained from the Sentinel-1 and Sentinel-2 satellites. By calculating the NDWI and NDSI indices, changes in the glacier's surface and its front-line adjacent to Lake Viedma were tracked. The results indicate a retreat of the glacier front by 750 meters between 2018 and 2021. The comparison with GLIMS data confirms a similar trend. The daily average velocity of glacier displacement ranges from 0 to 3 meters, which is consistent with the velocity values reported in the existing literature for this glacier. These findings clearly demonstrate the ongoing evolution of the Viedma glacier over time. 

•

  These findings are consistent with similar studies conducted previously in the area [3].

Figure 3 :

 3 Figure 1 : Map of the study area (ROI)