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Motivations
● DEMs and geodetic mass balance have become topics of 

increasing importance in glaciology
● But, these numbers hide several issues:

○ obsolete: method or data outdated (e.g. glacier 
outlines)

○ erroneous: due to the processing complexity
○ inconsistent: arbitrary criteria in the methods

=> Need for reproducibility of the results.
Yet, most results are not reproducible, because data/code is not 
easily accessible.

“Data and code available upon request to the authors” 🤦

Percentage of “glacier” papers with words 
“geodetic mass balance” (~1 per week)

Source: Web of Science



Motivations
Some good examples of open-source code:

A lof of re-inventing the wheel…
⇒ Why not team up and create a community tool for DEM analysis and mass balance 
calculation?

More at https://github.com/awesome-cryosphere/cryosphere-links



xDEM

● a Python module for working with DEMs.

● include typical post-processing steps such as coregistration, 

elevation/volume change measurements and error statistics.

● Based on well-known maintained libraries: rasterio, 

geopandas etc.

● Core concept: ease of use, flexibility and modularity, 

reproducibility, documentation

● Volunteer development and maintenance, by glaciologists (so 

far).

Code: https://github.com/GlacioHack/xdem

Documentation: https://xdem.readthedocs.io

DOI: 10.5281/zenodo.4809698

One-line install
 conda install -c conda-forge xdem 

DEM difference calculation

https://github.com/GlacioHack/xdem
https://xdem.readthedocs.io/
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Test suite ensures the code behaves as we “expect”
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https://xdem.readthedocs.io/
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- includes Python scripts 
and jupyter notebooks
- documentation tested to 
be up-to-date
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https://xdem.readthedocs.io/


Example 1 - Gap-filling
Normalized regional hypsometric interpolation

Mannerfelt et al., TCD, 2022

Detailed example at: 
https://xdem.readthedocs.io/en/doc_stru
c/auto_examples/plot_norm_regional_h
ypso.html

https://xdem.readthedocs.io/en/doc_struc/auto_examples/plot_norm_regional_hypso.html
https://xdem.readthedocs.io/en/doc_struc/auto_examples/plot_norm_regional_hypso.html
https://xdem.readthedocs.io/en/doc_struc/auto_examples/plot_norm_regional_hypso.html


Example 2 - Volume change uncertainty
Calculating a semivariogram takes 2 lines. 
A few more lines to get the error bar for each individual glacier.

Hugonnet et al., submitted



Conclusions
● If you’re familiar with Python and work with 

DEMs, you know what to do !

 conda install -c conda-forge xdem 

● Work in progress - long issue list (70 ! 😱), 
many features yet to implement.

● We really welcome any new contributors. 
No need to be a Python expert, with 
collaborative code, you get a lot of valuable 
feedback ! 🙌

And it goes on and on !

Terrain attributes - ✔
Vertical datum - ✔
Coregistration - ✔
Uncertainty - ✔
Interpolation - ❌
Bias correction - ❌
Filtering - ❌
Time series analysis - ❌



Thank you for your attention !

Code: https://github.com/GlacioHack/xdem

Documentation: https://xdem.readthedocs.io

https://github.com/GlacioHack/xdem
https://xdem.readthedocs.io/

