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Why a Data Cube?
What i1s a Data Cube?

Lessons learnt from building the D&V Cube
User Feedback on the D&V Cube



Why a data cube?

Satellite Application Facilities
« EUMETSAT has a network of different Satellite
Application Facilities (SAFs)

« Each SAF is a consortium of entities from
EUMETSAT member states

« SAFs are dedicated centers of excellence for
processing satellite data

EUMETSAT

@& saF

research, development and operational activities

each SAF is specialized in a different applications

» SAFs provide 80% of EUMETSAT’s product
portfolio

« Many (climate) data records =» real treasure
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The idea of Data Cubes

[ Cloud resources J
« Users implementing

diverse use cases

« Data access and

analysis API for + Selected data sets *+ Data readers + Cubes in the cloud . Sharing examples
« Sourcing data sets * Pre-processing « Computing resources
« Common grids « Distribution
* Chunking

¢ Metadata

Earth system data cubes unravel global multivariate dynamics Miguel D. Mahecha
saves time, which can be used to answer
scientific questions.
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ldea / Vision
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Customized
Data Cube

Prototype
D&V Cube
(static)

User Interface (Data Store, Data Tailor)
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Prototype D&V Cube at glance

Global Radiation : Satellite
.
Direct normal Solar Radiation & =: Satelite
LY
Sunshine Duration Satellite
Land Surface Temperature m Satellite
Reference Evapotranspiration < § Satellite
W:
= o .
NDVI < < ¢ Satelite
imi
Fractional Vegetation Cover g 2  Satellite
i J il
Leaf Area Index w Satellite
Fraction of absorbed Satellite

photosynthetically active radiation
EUMETSAT

Soil Wetness Index (root zoneG H SAPatellite

SUPPORT T0 OPERATIONAL
HYDROLDBY AND WATER
MANAGEMENT

Precipitation In situ

T2m Re-analysis

CSECMWF

Jan 1983 — Dec 2020

Jan 1983 — Dec 2020

Jan 1983 — Dec 2020

Jan 2004 — Dec 2020

Jan 2004 — Dec 2020

Mar 2007 — Dec 2020

Jan 2004 — Dec 2020

Jan 2004 — Dec 2020

Jan 2004 — Dec 2020

Jan 1992 — Dec 2020

Jan 1982 — Dec 2020

Jan 1979 — Oct 2020

0.05°

0.05°

0.05°

0.05°

0.05°

0.01°

0.05°

0.05°

0.05°

0.1°

10

0.1°

Daily & monthly

Daily & monthly

Daily & monthly

Hourly

Daily

10-daily

Daily

Daily

Daily

Daily

Monthly

Monthly

Europe
Regular Lat / Lon

CF compliant netCDF4

Users are able to
» access via THREDDS

» download the entire cube (3TB) or subsets
/ subsamples

 analyse the data on the VM using the
CM SAF R Toolbox (and other Tools, e.g.

Jupyter Notebooks)
- work in progress

11 May 2021
Information Day

May 2021 — Auqust 2021
Exploration Phase

SALGEE meeting November 2021
D&YV session during

@& EUMETSAT



Creating the cube

» Collecting the data from different

providers
 Harmonize grid - re-gridding

« Different methods available

« Changing the data!
« Impact on accuracy
« Error measures and flags!!

« Harmonize metadata
 Not trivial
« cf-conventions helpful, but
additional standard names
needed

e Harmonize file format

8 EUM/USC/VWG/21/1254439, v1 Draft, 17 November 2021

CM SAF SARAH Solar Surface Irradiance
Mean 1983-2013

T

Global radiation [W/m~2]

60 90 120 150 180 210 240 270 300

* |ssues to consider:
« Data are changed while re-gridding
« Documentation not strictly applicable
 Who is the provider of the data? EUMETSAT or the
SAF?

@& EUMETSAT



Accessing the D&V Cube

» [ cvsaF_cor_bni_M

9

IUnidata THREDDS PSDC Server
PSDC - Data Catalog

CMSAF_CDR_DNI_D
CMSAF_CDR_SDU_M
CMSAF_CDR_SDU D
CMSAF_CDR_SIS_M
CMSAF_CDR_SIS_D
CMSAF_ICDR._DNI_M
CMSAF_ICDR._DNI_D
CMSAF_ICDR_SDU_M
CMSAF_ICDR._SDU_D
CMSAF_ICDR_SIS_M
CMSAF_ICDR_SIS_D
ECMWF_T2M
GPCC_PRECIP
HSAF_CDR_WET
HSAF_ICDR_WET
LSASAF_CDR_FAPAR
LSASAF_CDR_FVC
LSASAF_CDR_LAI
LSASAF_CDR_LST
LSASAF_CDR_METREF
LSASAF_CDR_NDVI
LSASAF_ICDR._FAPAR
LSASAF_ICDR_FVC
LSASAF_ICDR_LAI
LSASAF_ICDR_MDVI
LSASAF_MNRT_LST
LSASAF_MNRT_METREF

—>

Dataset Dataset

E] CMSAF_CDR_DNI_M_rnsds I—>

E} CMSAF_CDR_DNI_M_rnsds/ I

E] CHMSAF_CDR_DMNT M

| E] CMSAF_CDR_DNI_M_rnsds/ :

E] CMSAF _CDR_DNTI M _rnsdscs/

Data Organization needs to be explained to users.

é PSDC Data Server

THREDDS Data Server

Data format: netCDF

Data type: GRID

Naming Authority: EUMETSAT
ID: CMSAF_CDR_DNI_M_rnsds

Documentation:

« rights: Freely available
» Data documentation

Dataset

Access:

1. OPENDAP: /thredds/dodsC/CMSAF_CDR_DNI_M_rnsds/CMSAF_CDR_DNI_M_rnsds.nc
2. WCS: fthredds/wes/CMSAF_CDR_DMI_M_rnsds/CMSAF_CDR_DNI_M_rnsds.nc
3. NetcdfSubset: /thredds/ncss/CMSAF_CDR_DMNI_M_rmsds/CMSAF_CDR_DNI_M_rnsds.nc

Ea CMSAF_CDR_DNI_M_rnsds
DNInm2@171231826060832310081E1MA_rnsds_psdc.nc

DNInm2217110182608832310091E1MA_rnsds_psdc.nc

DNInmZ2217188122000832310001E1MA_rnsds_psdc.nc «
DNImm2217899122008832310881E1MA_rnsds_psdc.nc

DNImmZ2217050182008832310081E1MA_rnsds_psdc.nc

DNImm2217872122000@32310081E1MA_rnsds_psdc.nc

DNInm2@176868188608832310081E1MA_rnsds_psdc.nc

DNInm22176850182600832310091E1MA_rnsds_psdc.nc

Default currently: download and work locally
Work in progress: access directly via CM SAF R Toolbox
Planned: Jupyter Notebooks

EUM/USC/VWG/21/1254439, v1 Draft, 17 November 2021

Creators:

- DEDWD

o

Publishers:
« EUMETSAT
o email: ops@eumetsat.int
o hitpfwww eumetsat. int

GeospatialCoverage:

« Longitude: -20.0 to 40.0 degrees_east
« Latitude: 35.0 to 60.0 degrees_north

TimeCoverage:

» Start: 1983-01-01T00:00:00Z
s End: 2017-12-31T00:00:002

Viewers:

+ NetCDF-Java ToolsUl (webstart)
« Integrated Data Viewer (IDV) (webstart)

@& EUMETSAT



The Exploration Phase

e Cube Information Page

* Information Day: well attended

* Live-Touch Points

» Exchange with other Cube Explorers
» Get support from data experts



https://training.eumetsat.int/course/view.php?id=399

Example Application: Downscaling Soil Moisture

Agricultural and hydrological applications would benefit from
SM with a sub-kilometer spatial resolution and daily revisit
time

Idea:

Combine coarse resolution SM products
and high resolution ancillary data, which

; Hii::i drive/influence SM to get a high resolution
X | | l | ‘ / SM.
_ : Hydraulic Soil — — :

Static ancillary data

Topography
conductivity texture

Goal:

| | | . T R Downscale SSI SM from 25km to 5km spatial
[ _DI Downscalfr:g method |—> . ‘ 1 [ reso I utiOI‘l

Dynamic ancillary data l,, B o | J‘

Passive microwave solil /
moisture/brightness temperature maps
at coarse resolution (~40 km)

Radar Radlometer Optical
b Observation ptedicﬁon

Downscaled soil moisture maps at
finer resolution {1-10 km)

Dorigo et al. 2017 (Remote Sens. Environ

Sabaghy et al. 2018 (Remote Sens.
Environ)

Courtesy: Luca Zappa, TU Vienna

/‘"ﬁi TU WIEN
/ DEPARTMENT OF
‘J GEODESY AND
SRSl GEOINFORMATION




Example Application: Downscaling Soil Moisture

Global radiation 0.05° Daily 2018-01-01
Direct normal solar 0.05° Daily 2018-01-01
radiation

LAI 0.05° Daily 2016-01-01
Land cover (% of level 1 100 m - 0.05° Daily 2018

CLC)

SM (combined, v05.2) 0.25° ~Daily 1978

Datasets (predictors) used to feed and train the Random Forest regression

Courtesy: Luca Zappa, TU Vienna

P
Z0SSR | T WEEN
/ DEPARTMENT OF
‘f GEODESY AND
WSS GEOINFORMATION

2020-12-01

2020-12-01

2020-12-31

2019-12-31

EUMETSAT DC

EUMETSAT DC

EUMETSAT DC

CLC

CCI
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Status & Outlook

» Still Issues around data access via THREDDS

 Tutorials on accessing the D&V Cube using
Python, R-based tools are being made available

» Collect user feedback

* Discuss applications with subject matter experts

» Continue the Exploration Phase?

* Further cubes for other application areas

« Atmospheric Composition
* Marine Applications



