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Copernicus - the European EO programme cSd

European Earth Observation
System, led by the EU

European response to =

global needs:

- to manage the environment -

- to mitigate the effects of climate

change
« to ensure civil security

FULL, FREE AND OPEN g o
ACCESS TO DATA B

( opermicus

Europe’s eyes on Earth

(5 ATMOSPHERE MONITORING
MARINE ENVIRONMENT MONITORING
@& LAND MONITORING
CLIMATE CHANGE
(A EMERGENCY MANAGEMENT
\’i SECURITY
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Global & System View by Copernicus . =CSa
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Copernicus for the Global Agendas {-esa

...and EU legislation
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Copernicus Components & Competences

Coordinators: Partners:

Private

Space e Industries
\&\_ esa companies
overall [ [EONINIENL e EUMETSA
Programme : |
Coordinationz

Services
&

In-situ data are supporting the Space and Services Components

Component




Copernicus — European Leadership in EO
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The Sentinels Explained *\&&cesa

Sentinel 1 (A/B/C/D) All weather, day/night applications,
SAR Imaging interferometry
Sentinel 2 (A/B/C/D) Land applications: urban, forest, agriculture, ...
Multispectral Imaging Continuity of Landsat, SPOT
m Sentinel 3 (A/B/C/D) Wide-swath ocean colour, vegetation, sea/land
=" 3%7% Ocean & Global Land Monitoring surface temperature, altimetry
Sentinel 4 (A/B) Atmospheric composition monitoring, pollution;
Geostationary Atmospheric instrument on MTG satellites

Sentinel 5 (A/B/C) & Precursor Atmospheric composition monitoring;

Low-Orbit Atmospheric instrument on MetOp-SG satellites
Sentinel 6 , o
Jason CS (A/B) Altimetry reference mission ]
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Mission Status Report 164
Reference Period: 01-30 September 2020

Mission Status

Gogmigg,&z

esa

istom Search &

EUMETSAT

Sentinel 3 Marine & Atmosphere, Sentinel 4,5 + 6

A & EUMETSAT

SENTINEL-3

Despite the critical situation in Europe due to the COVID-19, import;
ensure the continuity of the Sentinel-2 mission operations, which up to n

The Copernicus Sentinel-2 mission is nominally performing global and s
Since 20 October for Sentinel-2A and 23 October for Sentinel-2B, the
extended to acquire the following new areas:
o Pacific Islands (e.g. Tuamotu, Austral Islands, Kiribati, Juan Ferr
o Bermuda Island
o Sargasso Sea.
The Sentinel-2 acquisition plans are regularly published at:
https://sentinels.copernicus.eu/web/sentinel/missions/sentin

Level-1C top-of-atmosphere reflectance products are available in all Co
Access Hub, Services Data Hub, Collaborative Data Hub and Internal
available offline through as detailed here.

Level-2A surface reflectance products since 13™ of December 2018, an
region since 26 of March 2018, are available in all Copernicus Data Hul
The 2019 Copernicus Sentinel Data Access Annual Report has been

Information on data quality is available in two reports, one for L1C prod
Since the 04 February, the Copemicus Sentinel-2 products used the n
for Level-1C and 02.14 for Level-2A products. More information here.

The Quaternions files for Copernicus Sentinel-2 mission computed by
have been made available from the Copernicus Open Access Hub from

Some Data Hub anomalies and outages impacted the availability of the
Please refer to the news page for the list of the single events.
As a consequence of a contingency at network level, the nominal avg

Sentinel-2 Level-2A products has been affected between 25 and 28

missing products is on-going at the time of writing this report.
The following articles related to Sentinel-2 were published during the reg

ﬁ:—nl EY

Mission

Sensor

Product

Product Notice ID
Issue/Rev Date

Version

Preparation

Approval

o US West Coast on fire
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European Union
Programme

& EUMETSAT

S3 Product Notice — OLCI

53A B S3B
OLCl

* OL_ 1 _EFRin NRT and NTC
* OL_1_ERRin NRT and NTC

53.PN-OLCI-L1.05
21/05/2019
1.1

EUM/OPS-SEN3/DOC/19/1083411
01/07/2019

This Product Motice was prepared by the 53 Mission Performance Centre and
by ESA and EUMETSAT experts

Joint ESA-EUM Missicn Management

MONITORING WEATHER AND CLIMATE FROM SPACE

European Union

» REGISTER/SIGN IN

OPErNICUS | ¢ EUMETSAT

Europe’s eyes on Earth

oduct Notice — OLCI Level-2 Ocean Colour

hel-3A & Sentinel-3B

A & OLCI-B

2 Ocean Colour
OL_2_WFR in NRT and NTC
OL_2_ WRR in NRT and NTC

OPS-SEN3/TEN/19/1068317 53.PN-OLCI-L2M.001

/2019

roduct Notice was prepared by EUMETSAT with assistance from the S3
pn Performance Centre.

TSAT Mission Management
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Ground Segment Data relevant for Water Quality

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

e Water Quality products from 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)




Sentinel 2

Danube Delta
Ground Segment Product

Top of atmosphere RGB




entinel 2

Danube Delta

Downstream product

CyanoAlert

Cloud masking
Atmospheric correction
Chlorophyll concentration

=
=
=




Water Quality Example from Sentinel 3, 25.06.2020

CH [mg.m-3]

0.01




Copernicus Space Segment Copernicus 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

Climate Change




Copernicus Services

&

Climate Change




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



Copernicus Global Inland Water Service

Global Land
« Spatial resolution

Operations
* 300r Lake Water Quality characteristics

« 100
Lw0 100m ERALCEEUNIE |\ 1km

« Tempor
. 10d£ Algurithm Quality Application Technical Documents Gallery

St Product Access Sensor Temporal Spatial Timeliness
. Time s version coverage information
F Product
e« 2002 | portal Sentinel3 May 2016 - Global, 1/3km Within 3 days after the end of the =
2016 OLCI present ' synthesis period binercontributors |
* m )°0'0"0  150°0'0"0
. Product
« Service May 2002 -
portal ENVISAT ay X
. Prod 1 MERIS March 2012 Global, 1/3km  Archive only
FTP
deca - — (LSWT)
Statue - Turbidity (TUR)
) « Trophic State Index (TSI)
- 300m: Operational products « Lake Surface Reflectances (LSR)

« 100m: demonstration products 01/19-03/20




Extension of list of lakes

Global Land
Operations
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UK Water covered by Copernicus Inland Water Service

Global Land
Operations

GLWD00001526
GLWD00003114  Ness
HYLA00013102  None




Product Example — Time series Lake Balaton

Global Land

Lake Balaton - Turbidity
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Copernicus Global Land Service, Lake Water Products

Processing: Calimnos v.1.1.0, PML, BC

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

Turbidity\ (FNU)



@ Copernicus Services

Global Land
Operations
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Marine

Climate Change




Copernicus Marine Service (CMEMS) — Oceans

* Products
* Chlorophyll-a concentration
e Optical water properties

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

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

@ Global

@ Arctic

* Level 4: @) Baltic
* Gap-filled e NWS
e daily mean, monthly mean @ IBI
e 1km x 1km and 4km x 4km @ Med Sei

 New: 100m x 100m based on Sentinel 2 (from 2021) 0 Black S&s

S

Marine



CMEMS TSM Product Example, 22.04.2020

Low Resolution Product (1km)

HR-OC Sentinel-2 Product (100m)

r HR-OC-CMEMS
31 March 2021
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CMEMS TSM Product Example, 22.04.2020

HR-OC-CMEMS
31 March 2021
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Copernicus Services
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Marine

Climate Change




@ C3S Ocean Colour Products

Climate
Change

Ocean Colour products are level 3 daily maps with a global extent
at a 4-km resolution from 1997 until the present time
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Downstream Service

o CyanoAlert

VI | W LIV | SUI VI IMVITUS | VML | PEUIERU | WO | DUSHINSS | TR | NI I | LT IGD | LTI WA IR L AR

World | Africa | Asia | Australia | Europe | Latin America | Middle East | US & Canada -_ 3 1 Ch | oro p hyl |

Botswana: Mystery elephant deaths 5 Concentration
caused by cyanobacteria -

® 21 Septembe:

Toxins made by microscopic algae in water caused the previously
unexplained deaths of hundreds of elephants in Botswana, wildlife officials




Chl from Sentinel 3 OLCI and Sentinel 2 MSI

Sentinel-2 — 06.08.2018 Sentinel-3 OLCI —07.08.2018




Downstream Service for local authorities

Water Service offered by 17.05.2018
Brockmann Consult to | /

local management ' ”\
authority, based on
Sentinel 2

Chlorophyll Concentration
InSitu measurements

N 120052018

Rd Hamgestanty?
JORK

WULMSTGRF

GARTEN

Chlorophyll Concentration
Sentinel-2
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Water Colour — Background (Theory
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Water colour

Spectral Water Reflectance

Courtesy: Doxaran, IOCCG training course 20918



Dissolved and suspended matter in coastal water

I terrigenous sm

eroded mud and

clay-humic-metal sand

-complexes

fly-ash desert-dust

| fecal pellets @ macroflocs
humic
acids B viruses bacteria zooplankton

P
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| | L | | | |
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Absorption spectra of plant pigments

Chlorophyll b

—

Chlorophyll a
Carotenoids Phycocyanin

| / Phycoerythrin |Chlorophyll b

Chlorophyll a
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Wavelength of light (nanometers)

Courtesy: Stramski, IOCCG training course 20918




scattering & absorption =

Inherent Optical Properties (IOPs)
of opticall active substances in
water and atmosphere determine
the water colour

Atotal=Aw + Achia + Atsm T Ay

btotai=bpw t bp chia + bp,tsm

\_L{(A)

Kirk (1983)



Pigment absorption and Chlorophyll concentration

Heinckel87 a443 pigment n=95

<
1S
=
©
>
£
ok
(@)
S
9
<
o

Natural variability
Causing an unavoidable uncertainty

a(443) (m™1))

Conversions:
Chl.a[mgm-3]=21 *a_pig 442 71.04



Water colour = Spectral Water Reflectance

7 Example Remote Sensing Reflectance Spectra from Hyperspectral Measurements
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Courtesy: Doxaran, IOCCG training course 20918



Atmosphere

Atmospheric gases:
ozone, oxygen, nitrogen, water vapour...

air molecules
(Lray)

Aerosol particles
(Laer)

P N

Water (Lwat)




Atmospheric Contribution to Measure Signal

Absolute contribution to Relative contribution to
top-of-atmosphere signal top-of-atmosphere signal
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Figure courtesy of R. Doerffer, HZG




Interpreting the measured signal

The radiative transfer equation is a non-linear integral equation

1. Atmospheric correction
| > R* 2 Rrs

2. Water reflectance
Rrs 2 Lw / Ed

3. Bio-optical inversion
Rrs = IOPs respectively concentrations of Chl-a, TSM ...

The problem of inversion of the Top of atmosphere signal is underdetermined.



Sentinel 3 OLCl and Sentinel 2 Spectral Bands

Sentinel 2 MSI

12 spectral bands

Band positions optimised for
measuring land surfaces
10-20-60m spatial resolution
of a single pixel

Sentinel 3 OLCI

21 spectral bands

Band positions optimised for
measuring water colour
300m spatial resolution of a
single pixel




Top-of-atmosphere
reflectance

Azovskoe
More



After AC:
Water leaving
reflectance




After bio-optical
inversion:

Total suspended
matter concentration

tsm [g m*-3]

e NN

0.2 1.0 3.0 100 20.0




After bio-optical
inversion:
Yellow-substance
absorption




After bio-optical
inversion:
Chlorophyll
concentration

chl_conc [mg m*-3]

0.1 03 ! : 10.0 20.0




Copernicus —what's next?



Copernicus Space Component Evolution &\M eSd

Next-Gen. missions will
replace current &
expansion missions

2014

Current Sentinels

Sentinel Next
Generation

Sentinel Expansion

Copernicus for Security

B LN - B —
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Sentinel Expansion (Phase A/B1 studies) {:<esa

High Priority Candidate Missions

Anthropogenic
CO,

Polar Ice & Snow
Topography

Passive Microwave
Imaging

Applications

Climate Change
(Causes)

Climate Change
(Effects)

Sea Surface Temperature
& Sea Ice Concentration
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Sentinel Expansion (Phase A/B1 studies) {:=esa

High Priority Candidate Missions Applications

High Resolution

Land Surface Agriculture & Urban

Temperature Management Services
Agricultural Management
II-Inyqlgeli'r?pectral & Food Security, Soil &
9ing Mineral Resources
L-band Soil, Vegetation, Food
SAR Security & Ground Motion
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Copernicus Copernicus Constellation Deployment Schedule
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summary

* The Copernicus Programm is European response to global needs: to manage the
environment, to mitigate the effects of climate change and to ensure civil security

* The Copernicus Space Segment consists of a growing fleet of the Sentinel satellites,
complemented by contributing missions. Sentinel 2 and Sentinel 3 provide data for water
qguality monitoring.

 The Copernicus Services build of the data from the space segment and provide fit-for
purpose higher level products. The Land Monitoring Service, Marine Monitoring Service
and Climate Change service deliver data from inland, costal and oceanic waters.

* Optimisation and harmonisation across the different services is an ongoing R&D topic.

 Downstream services start from Sentinel and Services data, combine with additional data,
and provide tailor-made water quality services for public and proviade customers.



