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The original 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.

Solve all interoperability issues of downstream data streams



Mahecha, Gans et al. (2020) 
Earth System Dynamics, 11,  201-234.

Every dimension is of equal relevance and accessibility



Data cubes should live in the cloud

Figure: Fabian Gans  (in pre

Fig. Fabian Gans

Cloud-optimized data formats:
Zarr - compatible with https://pangeo.io/

Accessible for the user via jupyter labs e.g. in Julia via
● DiskArrays.jl (operations on any array data …)
● YAXArrays.jl (out of core operations on arrays)
● EarthDataLab.jl (specific functionality for Earth)

https://pangeo.io/


Developing regional data labs

Colour values of >1 → Dominant annual cycle in 
comparison to the semiannual mode.



Scientific examples



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

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

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



Extreme events in the ESDL

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

Movie by the ESDL team
Script: Mahecha; Realization: Planetary Vis



Extreme events in the ESDL - Global study

Explaining with ML 
what determines the 
direction of impacts

Flachet al. (2021) Biogeosciences
https://doi.org/10.5194/bg-2020 -80,



Emerging wishlist



A very very long wish list emerged …
● On-demand data cubes for any application

● High-res global data cubes

● ML adjusted data cube

● On-the fly visualization …

● And many many more



Interactive visualization, see: lexcube.org
A PhD project by Maximilian Söchting – and supported by the German Science Foundation via the NFDI4Earth 



Machine learning readiness 

Varando, G., Fernández-Torres, M. A., & Camps-Valls, G. 
(2021) https://www.climatechange.ai/papers/icml2021/34

https://www.climatechange.ai/papers/icml2021/34


Future



Aim of the follow-up project: DeepESDL
● ESDL to become an integrator of scientific data products 

from different activities in a single infrastructure.

● 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 from ESA, 
particularly from the Science Clusters or from the scientific 
community worldwide.

● Enable implementation of AI workflows on ESA data suite 
for understanding Earth System Dynamics.



… and study in Leipzig! 
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