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…and EU legislation













ESA
Sentinel 1, Sentinel 2, Sentinel 3 Land EUMETSAT

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



Ground Segment Data relevant for Water Quality

Sentinel 2

• Level 1
• TOA reflectances in 12 spectral bands

• 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 downstream
service providers

Sentinel 3

• Level 1
• TOA radiances in 21 spectral bands

• 10 – 20nm spectral bandwidth

• 300m spatial resolution

• Global coverage

• Level 2
• Scene classification (land – water – cloud, including

water specific classes)

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

• Chorophyll and suspended matter concentrations

• Yellow substance absorption

• Attenuation coefficient

• (more in preparation by EUMETSAT)



Sentinel 2

Danube Delta
Ground Segment Product

Top of atmosphere RGB



Sentinel 2

Danube Delta

Cloud masking
Atmospheric correction
Chlorophyll concentration

Downstream product



Water Quality Example from Sentinel 3, 25.06.2020



Level 0 Level 1 Level 2 Level 3 Level 4

satellite raw data,
unprocessed

physical measurements
at satellite, e.g. top-of-
atmosphere radiance

thematic variables 
at earth surface, in 

L1 time-space 
coordinates

temporal and 
spatial aggregated, 

map projection

Gap filled temporal and 
spatial aggregation, 

integration with models

Copernicus Space Segment Copernicus Services





land.copernicus.eu

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



Global Land 
Operations

Copernicus Global Inland Water Service 

• Spatial resolution

• 300m, 1km

• 100m (demostr. products)

• Temporal aggregation

• 10days for water LSWT, TUR and TSI

• Best spectrum within 10days for LSR

• Time span

• 2002-2012 (MERIS + AATSR)

• 2016-ongoing (OLCI + SLSTR)

• Service

• Products available 3 days after last day of 
decade

• Status

• 300m: Operational products

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

• Parameters
• Lake Surface Water Temperature (LSWT)
• Turbidity (TUR)
• Trophic State Index (TSI)
• Lake Surface Reflectances (LSR)



Global Land 
Operations

Extension of list of lakes

Lake selection based on size and shape with globally unified thresholds

Africa 311
Asia 634
Europe 1099
North America 1732
Oceania 177
South America 311
TOTAL 4264



Global Land 
Operations

UK Water covered by Copernicus Inland Water Service

GLWD00000481 Neagh

GLWD00001526 Erne

GLWD00002516 Lomond
GLWD00003114 Ness

GLWD00004947 Erne-Lough

GLWD00006786 Tay
GLWD00007889 Melvin

GLWD00011740 Windermere
GLWD00012262 Leven
GLWD00012943 Katrine

GLWD00018089 Macnean-Lough
GLWD00163748 Bassenthwaite

GLWD00164293 Ullswater

GLWD00164384 Derwent-Water
GLWD00164651 Portmore-Lough

GLWD00165256 Lough Scolban

GLWD00165259 Lough Gullion
GLWD00167446 Lough-Island-Reavy

GLWD00168035 Spelga
GLWD00168094 Camlough
GLWD00168248 Silent-Valley

GLWD00168821 Lough Ross
GLBL00000004 Lough-Mourve

GLBL00000018 Castlehume Lough

GLBL00000020 Lough Fea
HYLA00013078 Loch Lochy

HYLA00013102 None

HYLA01322598 None



Global Land 
Operations

Product Example – Time series Lake Balaton



Global Land 
Operations



Copernicus Marine Service (CMEMS) – Oceans

• Products
• Chlorophyll-a concentration
• Optical water properties

• Reflectances, backscattering coefficient, light attenuation
coefficient, absorption coefficient

• Characteristics
• Per regional sea + global (see figure)
• Level 3: 

• daily mean
• 1km x 1km and 4km x 4km
• New: 100m x 100m based on Sentinel 2 (from 2021)

• Level 4: 
• Gap-filled
• daily mean, monthly mean
• 1km x 1km and 4km x 4km
• New: 100m x 100m based on Sentinel 2 (from 2021)



CMEMS TSM Product Example, 22.04.2020
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CMEMS TSM Product Example, 22.04.2020
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Climate
Change

C 3 S  O c e a n  C o l o u r  P r o d u c t s

03-04/09/2020 C3S_312b_lot5 ARM | VC 27

Chlorophyll-a ECV (OC-CCI version 3.1) composite data for July 2003

Ocean Colour products are level 3 daily maps with a global extent 

at a 4-km resolution from 1997 until the present time



Downstream Service

Flagged
cyanobacteria

Chlorophyll 
Concentration



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

Chlorophyll Concentration 
InSitu measurements

Chlorophyll Concentration 
Sentinel-2

17.05.2018

20.05.2018

Water Service offered by
Brockmann Consult to
local management
authority, based on 
Sentinel 2



Water Colour – Background (Theory)

Lake Stroplsjøtjønna, Dovrefjell 04.08.2019

Sentinel 2-A, 04.08.2019





Water colour = Spectral Water Reflectance

Courtesy: Doxaran, IOCCG training course 20918



Dissolved and suspended matter in coastal water

10 nm 100 nm 1 µm 10 µm 100 µm 1 mm 1 cm1 nm0.1 nm

0.45 µm

bacteria

phytoplankton coloniescolloid rangew
a
te

r
m

o
le

c
u

le
s

viruses

humic

acids

clay-humic-metal

-complexes

zooplankton

macroflocs

h
y
d
ro

c
a
rb

o
n
s
, 

a
m

in
o
a
c
id

s

fecal pellets

fly-ash desert-dust

eroded mud and 

sand

terrigenous sm

dissolved suspended



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 + 𝑎𝐶ℎ𝑙𝑎 + 𝑎𝑡𝑠𝑚 + 𝑎𝑌

𝑏𝑡𝑜𝑡𝑎𝑙=𝑏𝑏,𝑤 + 𝑏𝑏,𝐶ℎ𝑙𝑎 + 𝑏𝑏,𝑡𝑠𝑚



Pigment absorption and Chlorophyll concentration
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Water colour = Spectral Water Reflectance

Courtesy: Doxaran, IOCCG training course 20918



Atmosphere

air molecules
(Lray)

Aerosol particles
(Laer)

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

clouds

clouds

Water  (Lwat)



Atmospheric Contribution to Measure 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
I → R* → Rrs

2. Water reflectance
Rrs → 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 OLCI and Sentinel 2 Spectral Bands

Sentinel 3 OLCI
21 spectral bands
Band positions optimised for
measuring water colour
300m spatial resolution of a 
single pixel

Sentinel 2 MSI
12 spectral bands
Band positions optimised for
measuring land surfaces
10-20-60m spatial resolution
of a single pixel



Danube

Dnipro

Krim

Azovskoe
More

Istanbul

Top-of-atmosphere
reflectance



Danube

Dnipro

Krim

Azovskoe
More

Istanbul

After AC:
Water leaving
reflectance



After bio-optical
inversion:
Total suspended
matter concentration



After bio-optical
inversion:
Yellow-substance
absorption



After bio-optical
inversion:
Chlorophyll 
concentration



Copernicus – what‘s next?











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 
quality 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.


