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Deep Earth System Data Lab - idea



Movie concept by the ESDL team - for ESA by Planetary Visions

● Make all downstream Earth data 

products  truly interoperable

● Scientists should focus on data 

exploration only!

● Overcome scalability issues etc.

ESDL should solve interoperability issues of data streams

Mahecha, Gans et al. (2020) 

Earth System Dynamics, 11,  201-234.



Data cubes should live in the cloud

Figure: Fabian Gans  (in prep)

Fig. Fabian Gans

Cloud-optimized data formats:

Zarr - compatible with https://pangeo.io/

Accessible for the user via jupyter labs

https://pangeo.io/


Now developing regional “on demand” data cubes

Colour values of >1 → Dominant annual cycle in 

comparison to the semiannual mode.

Under development

• Baltic sea data cube

• Polar data cube

• Etc…



Bring all cubes closer to machine learning 
• Couple ARDCs to state-of-the-art deep 

learning libraries and other ML methods 

(xcube + ML libraries)

• Loading and transfer ARDCs (memory) / 

efficient scheme for generation of training 

sets

• Adapt existing data loading and 

transformation mechanisms from Keras

and PyTorch (DataGenerator, DataLoader)

• Implement re-partitioning and re-sampling 

strategies on large cloud-hosted data stets 

• Development of use case specific Jupyter

Notebooks for user friendly application and 

guidance



Relevance for C cycle extremes



Low-dimensional trajectories in the land-surface
● What are the intrinsic dimensions of change”?

● What is the meaning of such indicators?

● What is their temporal dynamics?

Kraemer, Camps-Valls, Reichstein, Mahecha (2020) 

Biogeosciences, 17,  2397–2424



Low-dimensional trajectories in the land-surface

Guido Kraemer, Camps-Valls, Reichstein, Mahecha (2020) Biogeosciences, 17,  2397–2424



Low-dimensional trajectories in the land-surface
● Reflect deforestation

● Extreme events

● Long-term trends

● Modulations in amplitudes

Guido Kraemer, Camps-Valls, Reichstein, Mahecha (2020) 

Biogeosciences, 17,  2397–2424



Extreme events in the ESDL

Milan Flach et al. (2018) Biogeosciences, 15, 6067-6085

Mialn Flach et al. (2021) Biogeosciences, 18, 39-53



Extreme events in the ESDL - Global study

Milan Flach et al. (2021) Biogeosciences, 18, 39-53



Visual analytics



Lexcube.org Interactive visualization of data cubes
Maximilan Söchting et al. (submitted) – here using GLEAM



Lexcube.org Interactive visualization of data cubes
Maximilan Söchting, Sebastian Sippel et al. (in prep) Visualization of a fully coupled

ocean-atmosphere climate model ensemble (from Fischer et al. 2021).



Lexcube.org Interactive visualization of data cubes

Maximilan Söchting et al. (submitted)



Lexcube.org Interactive visualization of data cubes
Maximilan Söchting et al. (submitted)



DeepExtremes - idea



Fig. Requena-Mesa et al. (2021) “EarthNet”

DeepExtremes: A competition of predicting extremes



DeepExtremes: A competition of predicting extremes

Daniel Pabon, Migliavacca, M., Reichstein, M. & Mahecha, M. D. 

(2022). IEEE Transactions on Geoscience and Remote Sensing. 

10.1109/TGRS.2022.3152272

https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=36
https://doi.org/10.1109/TGRS.2022.3152272


DeepExtremes: A competition of predicting extremes
David Montero, Sebastian Wieneke et al. (in prep.)



DeepExtremes: A competition of predicting extremes



DeepESDL … DeepExtremes …
● A scientific project to advance the 

capacity to predict extremes from 

Sentinel-2 data plus ancillary information

● Explore the limits of predictability allowing 

different scientists and teams to work 

together in a collective scientific effort 

sharing data, tools and expertise.

● An integrator of scientific data 

products from different activities in 

a single infrastructure.

● ESDL is a platform for 

collaborative research allowing 

different scientists and teams to 

work together in a collective 

scientific effort sharing data, tools 

and expertise.

● Support for the execution of 

individual projects e.g. via 

dedicated Jupyter hubs


