
● The sub‑region shows a strong melt signal of up to −6 m yr⁻¹, dominated by a few large 
outlet glaciers. 

● Hypsometry indicates pronounced mass loss at low elevations and near‑stable conditions 
at higher elevations (~1900–2200 m a.s.l.).

●

2. Study Area and Data 
● ASTER Digital Elevation Model – AST14DEM v004 [1] 
● SRTM 1 Arc-Second Global (30 meters resolution) [2] 
● Glacier outlines — Randolph Glacier Inventory (RGI) v7.0 [3] 
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1. Motivation
Accurately quantifying glacier mass change remains challenging, particularly in regions 
with complex topography and rapidly retreating glaciers. A major limitation of current 
glacier change studies is the lack of high‑resolution, regional‑scale datasets capable 
of resolving spatial variability in glacier behaviour. This study assesses glacier‑level 
mass balances (GMB) for glaciers with contrasting morphologies on sub‑decadal 
timescales. The results provide valuable constraints for glacier models and contribute to 
improving regional glacier mass‑balance estimates.

3. Methods 
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5. Conclusions
● Quelat Glacier Complex exhibits strong mass loss as well, showing acceleration of 

ice loss across all elevation bands but especially in lower altitudes.
● Stratovulcano Melimoyu glacier, influenced by volcanic topography and 

microclimate, has a near‑neutral mass balance and contributes almost nothing to 
total mass loss. Nonetheless, this glacier experiences increasing elevation loss in 
lower altitudes as well.

● The contrast between the two glaciers highlights the impact of glacier type and local 
topography on melting patterns and total mass balance.References

1. NASA/METI/AIST/Japan Spacesystems and U.S./Japan ASTER Science Team. ASTER DEM Product. 2001, distributed by NASA EOSDIS Land Processes Distributed Active Archive Center, 
https://doi.org/10.5067/ASTER/AST14DEM.003. Accessed 03-01-2025.

2. NASA JPL (2013). NASA Shuttle Radar Topography Mission Global 1 arc second [Data set]. NASA EOSDIS Land Processes DAAC. https://doi.org/10.5067/MEaSUREs/SRTM/SRTMGL1.003.Accessed  03-01-2025 
3. Smith, B., Adusumilli, S., Csathó, B. M., Felikson, D., Fricker, H. A., Gardner, A. S., Holschuh, N., Lee, J., Nilsson, J., Paolo, F., Siegfried, M. R., Sutterley, T. & the ICESat-2 Science Team. (2023). ATLAS/ICESat-2 L3A Land 

Ice Height. (ATL06, Version 6). [Data Set]. Boulder, Colorado USA. NASA National Snow and Ice Data Center Distributed Active Archive Center. https://doi.org/10.5067/ATLAS/ATL06.006. Date Accessed 17-01-2025.
4. RGI 7.0 Consortium, 2023. Randolph Glacier Inventory - A Dataset of Global Glacier Outlines, Version 7.0. Boulder, Colorado USA. NSIDC: National Snow and Ice Data Center. doi:10.5067/f6jmovy5navz. Online access: 

https://doi.org/10.5067/f6jmovy5navz
5. Google Earth, Queulat Glacier Complex. Available from: https://earth.google.com/web/. Accessed 10-06-2025.
6. Nuth, C. and Kääb, A.: Co-registration and bias corrections of satellite elevation data sets for quantifying glacier thickness change, The Cryosphere, 5, 271–290, https://doi.org/10.5194/tc-5-271-2011, 2011.
7. xDEM contributors. “Xdem”. Zenodo, December 6, 2024. https://doi.org/10.5281/zenodo.11492983.

4.2 GMB across 5-10 year periods

Figure 1. Test sites: Queulat Glacier Complex (102 km2)  and Stratovulcano Melimoyu (55 km2) [4]

4. Results
4.1 Elevation change rates in sub-region of test glaciers
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Figure 2. Elevation change (dh/dt) derived from DEM differencing.

Period GMB of Queulat Glacier Complex 
[m w. e./yr]

GMB of Stratovulcano Melimoyu
[m w. e./ yr] 

2000-2010  -0.38 ± 0.40 +0.62 ± 0.35

2010-2015 -0.54 ± 0.08 +0.26 ± 0.24

2015-2020 -0.51 ± 0.06 +0.025 ± 0.01 

2020-2026 -0.67 ± 0.05 -0.005 ± 0.005

4.3 How does melt change across elevation bands?

GMB of sub-region = -0.74 ± 0.05 m w.e. yr-1

2

Figure 3. Elevation change (dh/dt) with respect to elevation bands.

● The glacier complex shows consistently increasing melt over time. By 2020–2026, 
its GMB is comparable to the GMB of the entire sub‑region.

● In contrast, volcano-influenced glacier exhibits early accumulation followed by a 
recent transition to slightly negative mass balance.

● Increasing melt across all elevation 
bands. 

● Significant acceleration in elevation 
lowering for lower, less stable 
altitudes until about 1000 m a.s.l.

● Equilibrium line altitude (ELA) shift.

Figure 4. Elevation change (dh/dt) with respect to elevation bands for Quelat Glacier Complex.

Figure 5. Elevation change (dh/dt) with respect to elevation bands for Stratovulcano Melimoyu.

● Volcanic topography produces 
different elevation thinning patterns, 
showing enhanced accumulation 
and reduced melt.

● Regional climate forcing affects 
both glaciers similarly at low 
elevations.
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