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Data Usage, Levels and Tools

Raw data
Level O

Processed data
Analysis ready data
Level 1, Level 2

Thematic information
Interpretation ready data
Level 3, Level 4

Instrument engineers
Technology experts

EO Experts
Value adding users

Application domain users
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ARD-Water

* Analyses Ready — for which analysis?

* depends who you are, and what is your profession

* The ANALYSIS gives us the requirements for READINESS

. Monitoring
requirements ) ,
Climate science
_ Marine spatial planning

Bio-optical water science
Image processing

_ Algorithm development
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requirements
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ARD-Water
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Level O
Level 1

requirements
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Level 3
Level 4

Variables space

Common meta data
@pixel, @product

Same definition (method)
Same validity (masking)
Quality information
@pixel, @product

Mapped data

Same spatial resolution
Map projection
Spatial grid

Datacubes

Multiple variables
Spatial grid
Temporal grid
Unique access (API)



ARD Benefit - Cost

Datacubes with regular
time interpolated grid

Uncertainty

Sentinel 2 MSI
eodatabee (xcube)

Sentinel 3 OLCI
MERIS 4RP Datacubes with original

observation times

Mapped data

Ease to use



CEQOS - Analysis Ready Data

« CEOS: Satellite data that have been processed
e to a minimum set of requirements
« and organized into a form
 that allows immediate analysis with a minimum of additional user effort
« and interoperability both through time and with other datasets.

* Aquatic Reflectances, Product Family Specification (ongoing work)
* Ongoing work by CEOS working group
e Supported by GEO Aquawatch

* Requirements on
* Product Meta data
* Per-pixel meta data
e Radiometric and Atmospheric corrections
* Geometric correction

e Self-assessment table



Copernicus Space Segment Copernicus Services

Downstream Services

satellite raw data, physical measurements thematic variables temporal and Gap filled temporal and
unprocessed at satellite, e.g. top-of- at earth surface, in spatial aggregated, spatial aggregation,
atmosphere radiance L1 time-space map projection integration with models

coordinates

E=0DotaBee
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Ground Segment Data relevant for Water Quality (not ARD)

Sentinel 2

e Level 1
e TOA reflectances in 12 spectral bands
e 15-180nm spectral bandwidth
10/ 20/ 60 m spatial resolution
* All inland waters and coastal areas (20km)

* Level 2
* Scene classification (land-water-cloud etc)
» Surface reflectances, good for land applications
* No product for water applications

* Water Quality products from CMEMS, CLMS
& downstream service providers

Sentinel 3

e Level 1
e TOA radiances in 21 spectral bands
e 10— 20nm spectral bandwidth
e 300m spatial resolution
* Global coverage

e Level 2

» Scene classification (land — water — cloud, including
water specific classes)

* Water leaving reflectance (ocean and coastal
waters, not suitable for inland waters)

e Chorophyll and suspended matter concentrations
* Yellow substance absorption

e Attenuation coefficient

* (more in preparation by EUMETSAT)




land.copernicus.eu

https://land.copernicus.eu/global/products/lwq

Copernicus Global Land Service bpernicus

Europe’s eyes on Earth

Home Products Use cases Product Access Viewing Library Get Support

Lake Surf. Water Temp.

Water Bodies

Water Level

Water product updates

» the water surface temperature and water quality (turbidity, trophic state) of medium and large-sized



« Spatial resolution

e 300r
« 100r

» Tempor
« 10dc
» Best

 Time s[
« 2002
« 201¢€

« Service
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« Status

« 300m:
« 100m:

Prod_uct Access
version
Product
] portal
ETP
Product
1 portal

FTP

Sensor

Sentinel3
OLCI

ENVISAT
MERIS

Operational products
demonstration products 01/19-03/20

Lake Water Quality characteristics
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« Turbidity (TUR)
« Trophic State Index (TSI)
« Lake Surface Reflectances (LSR)

(LSWT)
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Copernicus Global Land Service, Lake Water Products

Processing: Calimnos v.1

1.0, PML

Inputdata: MERIS FRS © ESA
Background: Sources: Esri, HERE, DeLorme, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), swisstopo, Mapmyindia

© OpenStreetMap contributors, and the GIS

User Community
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Copernicus Marine Service (CMEMS) — Oceans

* Products
* Chlorophyll-a concentration

e Optical water properties

» Reflectances, backscattering coefficient, light attenuation
coefficient, absorption coefficient

e Characteristics
* Per regional sea + global (see figure)
e Level 3:
e daily mean
e 1km x 1km and 4km x 4km
 New: 100m x 100m based on Sentinel 2 (from 2021)
e Level 4:
* Gap-filled
e daily mean, monthly mean
e 1km x 1km and 4km x 4km
« New: 100m x 100m based on Sentinel 2 (from 2021)

J Black Sea




CMEMS TSM Product Example, 22.04.2020

Low Resolution Product (1km) HR-OC Sentinel-2 Product (100m)
._‘-" Wﬁ, gl

HR-OC-CMEMS
31 March 2021

New Service, operated by Brockmann Consult, RBINS and
VITO under contract of Moi. Operations will start early 2021.
Processing performed on CREODIAS

.8~ muscum 4 VItO CRC@DIAS

ConsuLt GmeH OD Nature | OD Natuur | DO Nature



CMEMS TSM Product Example, 22.04.2020

Low Res, 1km " _|' Elgh Res, 100m
\ N = ‘ P
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SNAP &

* More than 200 issues addressed CoNtine

* Highlights:
* remote data access of data
* Copernicus Scientific Data Hub (SciHub): for Sentinel-1, Sentinel-2 and Sentinel-3

data .
* Amazon Web Services (AWS): for Sentinel-2 and Landsat-8 data R
. ape o Account | carstenbrockmann v | Products: 17 out of 17 SortBy |Product Name =
* Alaska Satellite Facility (ASF): for Sentinel-1 and ALOS data N : 5

Satellite jSenhneIAZ

* US Geological Survey (USGS): for Landsat-8 data
* windowed reading of products

Satelite Platform il Acquisition date: 11-08-2020 10:56:31

Start Date o-08-2020 812.7M8

1abeueyy 12Ae [L[]

End Date

* 10 performance = e ;
* memory management; tile cache operator e
* new implementation of geocoding i [
* sensor specific features and improvements: presof st

Capella and SAOCOM support, soil moisture,
S3 Fire Radiative Power support, S3 oblique view improvements

* Cloud optimised new standard I/O format zarr
* Cloud optimised
* Python xarry, dask
* Directly useable by xcube (next slide)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec




ARD in a Datacube

Combination of data and services in data datacube
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Sentinels Processing interfaces
CMEMS : . e
CLMS -3 - ¥ Jupyter
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 Databases (ICES,
EMODnet, ...)

e Userdata




E=DataBee

Datensatz Variable

ort
S2 Trondheimsfjord 32VNR Summer 2018 v suspended particulate matter concentration in seawater generated using Nechad et al, 2010 algorithm v+ A~ ‘ RGB Punkt1 ~ (©

Time (UTC
A @ 2. 01 é 0 6)—3 010:50:2 Chlorophyll-a concentration in seawater, generated by the two-band algorithm from Gilerson et al. (2010)

©® O

Chlorophyll-a concentration in seawater, generated by the two-band algorithm from Gilerson et al. (2010)

suspended particulate matter concentration in seawater generated using Nechad et al, 2010 algorithm SPM_NECHAD2010_GLOBAL_665 (g m-3)
suspended particulate matter concentration in seawater generated using Nechad et al, 2010 algorithm

suspended particulate matter concentration in seawater generated using Nechad et al, 2010 algorithm

TUR_NECHADZ2009_GLOBAL_665

TUR_NECHAD2009_GLOBAL_740

TUR_NECHADZ2009_GLOBAL_842

sea surface reflectance defined as the ration of water-leaving radiance to surface irradiance at 1610 nm

TIONGRE




E=DataBee

D Datensatz Variable Ort

S2 Trondheimsfjord 32VNR Summer 2018 + suspended particulate matter concentration in seawater generated using Nechad et al, 2010 algorithm « RGB Punkt1 ~ ©
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Python AP

EDC_

Using the xcube python APl in a
Jupyter notebook
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The xcube Ecosystem

__\\I

PANG-O k) OPEN DATA CUBE

E
“ OPErNICUS

Input data sets
Interfaces

|




xcube Technical View

- Mass Data Processing

Yarn Hadoop Cluster (Calvalus)
(EO) Data -

Any Format

Any
Executables

xcube Storage (S3/Zarr) xcube

- Components & Services

Datastore

: Generation
Plugins

Python SDK Viewer

: (EO) Data
Data Analytics /
ML geoDB Any Format

xcube Processing

Dask Cluster Catalogue Toolbox-aa$S



eodatabee

« A data cube service providing EO and non-EO data with o TS

ont Time (UTC)
. S3Bergen 2019 v Chlorophyll concentration v .~ @® RGB Punki2 v+ @ 2 4 © 20190826 10:26:28 o]
focus on water quality products. S _ | . o
e Customisability of the service and unique combination of e e
Zeitserie (1) X

12

scientific, regional, and technological competence.

il (\ LA I e
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e EODataBee service comprises the following Service
Elements:

’

2019-0531 2019-06-23 20190716 2019-08-3
Zeitserie (mg m*-3) - rtoa_4 (Punkt 2: 60.12233,5.52105) %
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- conc_chl (Punkt 2: 60.12233,5.52105)

* It is operated by a group of domain expert companies,
emerging from EU H2020 project DCS4COP (Brockmann
Consult, RBINS, VITO, NIVA, Univ. Hull, Cefas, LOV, Starlab)



Take-home messages

 Analysis Ready Data are satellite data processed to common agreed standards, are
provided with meta data and are organised in space and time so that they can be
easily used with a minimum of additional user effort.

* EO data users have optimal support for analysis, algorithm development and testing, as
well as routine, operational production with SNAP. SNAP 8 comes with new cloud and
datacube optimised I/O format (zarr, COG [future])

« Xxcube ecosystem is an suite of python tools to support ARD.

« eodatabee is offering xcube tailored to water quality products and amended with
additional services.



