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The original Idea



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



Every dimension is of equal relevance and accessibility

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

Order |[L|  Set of data cubes C(L) Description of C(L)
0 c{y) Scalar value where no dimension is defined.
1 C({lat}) Univariate latitudinal profile.
1 C({lon}) Univariate longitudinal profile.
1 C({time}) Univariate time series.
1 C({var}) Single multivariate observation.
2 C({lat,lon}) Univariate static geographical map.
2 C({lat,time}) Univariate Hovméller diagram: zonal pattern over time.
2 C({lat,var}) Multivariate latitudinal profile.
2 C({lon,time}) Univariate Hovmoller diagram: meridional pattern over time.
2 C({lon,var}) Multivariate longitudinal profile.
2 C({time,var}) Multivariate time series.
2 C({time, freq}) Univariate time frequency plane.
3 C({lat,lon,time}) Univariate data cube.
3 C({lat,lon,var}) Multivariate map, e.g. a global map of different soil properties.
3 C({lat,time,var}) Multivariate latitudinal Hovmoller diagram.
3 C({lon,time,var}) Multivariate longitudinal Hovmaller diagram.
3 C({timne, freq,var}) Multivariate spectrally decomposed time series.
4 C({lat,lon,time,var}) Multivariate spatiotemporal cube.
4 C({lat,lon,time, freq}) Univariate spectrally decomposed data cube.
5 C({lat,lon,time,var,ens}) Multivariate ensemble of model simulations.




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

e EarthDatalLab.jl (specific functionality for Earth)

function sufficient dimensions(xin::AbstractArray, expl var::Float64 = 0.95)

any(ismissing,xin) && return NaN
H Fablan Gans npoint, nvar = size(xin)
. means = mean(xin, dims = 1)
stds = std(xin, dims = 1)
xin = broadcast((y,m,s) -> s>0.0 ? (y-m)/s : one(y), xin, means, stds)
pca = fit(PCA, xin', pratio = 0.999, method = :svd)

return findfirst(cumsum(principalvars(pca)) / tprincipalvar(pca) .> expl var)
end

C/OUd—Optlmlzed data formats: I [ 1:|cube_int dim = mapslices(sufficient dimensions, cube fill, dims = ("Time","variable"))
. LotMAP (cube_int_dim)
https://pangeo.io/ p



https://pangeo.io/
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Scientific examples



Low-dimensional trajectories in the land-surface

e \What are the intrinsic dimensions of change”?
e \What is the meaning of such indicators?
e What is their temporal dynamics?
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Low-dimensional trajectories in the land-surface
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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
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Mowe by the ESDL tea
Script: Mahecha; Realization. Planetary Vis




Extreme events in the ESDL - Global study

Land Cover = Mixed forest

Land Cover = Deciduous Broadleaf forest

Land Cover = Evergreen Needleleaf forest

Land Cover = Deciduous Needleleaf forest

Land Cover = Evergreen Broadleaf forest

Land Cover = Woody savannas

Land Cover = Savannas

Land Cover = Grasslands

Land Cover = C3 Cropland/Natural vegetation mosaic
Land Cover = C3 Croplands

Land Cover = C4 fraction Cropland/Natural vegetation mosaic
Land Cover = C4 fraction Croplands

Land Cover = Open shrublands

Land Cover = Closed shrublands

Land Cover = Permanent wetlands

Land Cover = Urban and built-up
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Explaining with ML
what determines the
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Emerging wishlist



On-demand data cubes for any application
High-res global data cubes

ML adjusted data cube

On-the fly visualization ...

And many many more



lexclbe.org ganeiearn Cesa




Machine learning readiness

y(t) = ENSO

N

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



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

Future



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 Al workflows on ESA data suite
for understanding Earth System Dynamics.
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