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Improved monitoring and forecasting
of ecological status of European
INland waters
by combining Future earth
ObseRvatiordata andModels
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Why focus oninland waters?

w Fishing, recreation, water supply, transport, waste disposal, irrigationX

iIncreasedpressureson EUinland watersasks for sustainable water
management

w Monitoring of inland water quality required by
EU Water FrameworRirective (2000/60/EC)
EU HabitatPirective (92/43/EEC)
EU ShellfishVatersDirective(2006/113/EC)
EU Drinking WatebDirective(98/83/EC)
EU Bathing Watebirective (2006/7/EC)
EU Nitrates Directivé€91/676/EEC)
EU Urban Waste Water

C ...
w Environmental ImpacAssessment&.g. by dredging companies)
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Blueprint to Safeguard Europe's
Water Resources (COM/2012/673)
mentions Copernicus
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Copernicus

Copernicuss The European EarbservationProgramme

Copernicuservices address six main thematic areas:

» (operational)

» (pre-operational phase)

» (pre-operational phase)
» (operational)

» (development phase

» (development phase)

Allare provided free of charge tasers
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http://www.copernicus.eu/pages-principales/services/pages-principales/services/land-monitoring/
http://www.copernicus.eu/pages-principales/services/pages-principales/services/marine-monitoring/
http://www.copernicus.eu/pages-principales/services/pages-principales/services/atmosphere-monitoring/
http://www.copernicus.eu/pages-principales/services/pages-principales/services/emergency-management/
http://www.copernicus.eu/pages-principales/services/pages-principales/services/security/
http://www.copernicus.eu/pages-principales/services/pages-principales/services/climate-change/
http://www.copernicus.eu/

White Paper
Copernicudnland Water Services

w Discussiomlocumentto extendCopernicus.and Monitoring
Service portfoliovith inlandwater servicegslemonstratedin
FP7 Spacprojects

w ProposedCopernicusnlandwater services
» IrrigationWater AbstractionMonitoring and Control Service
» PanEuropeaninland Water Quality Monitoring Service
» Water scarcityanddroughtmonitoringandforecastingServices
» Inlandwater quantity monitoring service
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EarthObservationfor monitoring
Inland waters?

w Today underutilized
¢ complexity and variability of these inlanehters
¢ lack of adequate analysmsethods
¢ lack of adequate loveost EO data
¢ lack of uncertainty estimates
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EarthObservation& biogeochemical
models?

Assimilationof EO products into biogeochemical models allows for analysis of the
causeeffect relationships governing a status change, forecast the response to
pressures and evaluate different management actions.
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EU FPBPACE project INFORM

A Collaborativeproject- THEMESPA.2013.1-07] [Remote
sensingnethodd

w Start date: 1/1/2014

w Duration 48months

w 9 beneficiariedrom 7 EU Membebtates
w Requested=Ucontribution: € 1 991 90297
w Grant agreement 606865
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Main concept

To develop noveliserdriven productsfor inland
water guality monitoring by using newnnovative
methods integrated into modelsvhich fully exploit
the capabilities otipcoming Earth Observation

missions (Sentinek, Sentinel3, EnMAPand
PRISMA)
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Sentinel?2

w Sentinet2A launch readiness: 30 Apnl 2015
w Globalrevisit time: 5 days with 2 satellites

w MSI (Multi Spectral Instrument)

» 13 spectral bands: 443 nq2190nm (including3 bands
for atmospheric corrections)

» Spectrakesolution 15nm¢ 180nm
» Spatialresolution: 10 m, 20 m and 60 m
» Swath 290 km

GEOInlandand CoastaWater Quality - Webinar
25.09.2014 _
B \_opernicus




_—y =

¢ MSF spectrsl onds

SWIR
VIS NIR Fp

> >+
AtmOspherlc correctlon channels

810

I@rosols I\qter-v@ !GITI’US\/

e —x+_

C/ Snow |ce cloud dlscnmmatlon
s : S——~——“‘

B5 B BSa
Red ecfge

BG : :
l Ccntlnmty Wlth SPOT5 multlspectral

1200 1400 1600 1800
nm nm nm nm

/o GEOInlandand CoastaWater Quality - Webinar
W 25.09.2014 i ,
s 4 Foas Q)perrucus




Sentinel3

o Sentinei3Alaunchreadinessend of 2015
w 2 dayglobalcoverage

w OLC[Ocean and Lan@olourlnstrument)

» Swathwidth: 1270 km, with 5 tiltecdameras
» Spatialsampling: 300n (fullresolutionmode)
» Spectrarange: 21lbands [0.41.02]> Y
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Normalized SRF

1 I 1 L 1 1 1
700
Wavelengths [nm]

NormalizedOLCISRFsbands1 to 21, plotted versuswavelength[nm] from C. Pelloquin, J. Nieke, SENTINEL-3 OLCI AND
SLSTR SIMULATED SPECTRAL RESPONSE FUNCTIONS (S3-TN-ESA-PL-316)

OLCskpectralbands= MERISieritage+additionabands

Oal (400nm): aerosolcorrection improvedwater constituentsretrieval
0Oa (673,75 nm): improvedfluorescenceaetrievaland smilecorrection
Oal4 (764,375nm): atmosphericcorrection

Oal5 (7675 nm): cloudtop pressure fluorescenceoverland

0a20 (940 nm): water vapourabsorption atmospheri¢aerosolcorrection
Oa21 (1020nm): atmospheri¢aerosolcorrection
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EnMAP

» Expectedaunchdate: 2017
» Hyperspectral

» Spectrarange from 420 nm to 1000 n(@9 VNIR
bands8.1 nm FWHMand from 900 nm to 2450 nm
(155 SWIR bandk2.5 nm FWHM)

» Swathwidth 30 km
» Joatial resolution of 30 m x 3

» Off-nadir (30°) pointing feature for fast target revisit (4
days)
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PRISMA

» Expected launch date: 2017

» Hyperspectral

» Spatialresolution: 2630 m Hyp) / 2.55 m(PAN)

» Swathwidth: 30-60 km

» Spectrarange: 0.4 2.5um (Hyp / 0.4- 0.7 um PAN)

» Continuouscoverage of spectral ranges with 10 nm
bands
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APEX system overview

Environmental Thermal
Control (ETC) Box

Thermal Control
Unit (TCU)

Unit (OSU)

\ Optical Subsystem
M g

Stabilising Platform
(Leica PAV30)

http://www.apex-esa.org

APEXairbornehyperspectral
Imaging sensor for

A Simulation

A Calibration

A Validation

of satellite sensorsproducts

Parameter

Value

Field of View (FOV) — pushbreom technique

Swath: + 14deg with 1000 across-track pixel

Instantaneous Field of View (IFOV)

0.028 deg

Flight altitude range

3.500-10.000 mas.l

Standard aircraft interface

for Dornier Do-228 on stabilizing platform PAV-30

Spectral range

VNIR: 380 — 1000 nm. SWIR: 940 — 2500 nm

Spectral channels

VNIR: 312 (prior binning), SWIR: 199

Spectral sampling interval

380 - 1050 nm: = 5 nm, 1050 - 2500 am: = 10 nm

Center wavelength accuracy

<0.2nm

PSF (Point Spread Function)

=1.75 Sampling interval

Spectral / Spatial Misregistration

< 0.1 pixel

Polarization sensitivity

Less 0.03 in VNIR, Less 0.05 in SWIR (goal)

Spatial co-registration between VNIR and SWIR channel

Goal: 0.16 pixel

Instrument temporal radiometric uncertainty within a
flight section

Better 0.02

Interval for mstrument re-calibration

After a complete flight season

Radiometric performance accuracy

Instrument shall allow absolute calibration accuracy up to 0.03 (goal)
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INFORM consortium

VLAAMSE INSTELLING VITO- Coordinator BELGIUM lls Reusen, Els Knaeps,
VItO VOOR TECHNOLOGISC Sindy Sterckx, Liesbeth C
ONDERZOEK N.V. Keukelaere, Dries
wlk &Yl S{TSNEX
Eg;; S CONSIGLIO NAZIONALE CNR ITALY Mariano Bresciani,
G ) s DELLE RICERCHE | €1 dzZRAI DAL I

W EOMAP GmbH & Co.KG EOMAP GERMANY Karin Schenk, Philip
YfEAYISNE ¢K:

T THE UNIVERSITY OF U STIRLING UK Peter Hunter, Andrew
) STIRLING STIRLING Tyler, EvangeldSpyrakos
X
INSTITUT ROYAL DES RBINS BELGIUM Dimitry Van der Zande,
SCIENCES NATURELLE YS@AY wdzRRA (
BELGIQUE
STICHTING DELTARES Deltares THE NETHERLANDS MiguelDionisioPirez X
s
PLYMOUTH MARINE PML UK Giorgio5 I £ £ Qh f Y
LABORATORY DNR2Y b {(S*

f

l."]
MAGYAR TUDOMANYO: MTAOK HUNGARY aldelra tNBaj
AKADEMIA OKOLOGIAI
KUTATOKOZPONT
KLAIPEDOS KLAIPEDOS LITHUANIA Arturas Razinkovas
UNIVERSITETAS UNIVERSITETAS T Adziaz X

PML | By
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INFORMSteeringAdvisoryBoard
(SAB)

w Members

Dr. Tiit Kutser Remote Sensing and Marine Optics Departmé&stonian
Marine Institute University of TartuEstonia

Dr. Stewart Bernard, CSIRRE (Centre of High Performance Computing),
SouthAfrica

Dr. Vittorio Brando, CNIREA
w Tasks
¢ To provide recommendations at the SABO1 meeting (January 2014)

¢ To formulate scientific comments on the INFORM progress and to provide
recommendations at SAB02 meeting (M&tm, January 2016)
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INFORM EndJserAdvisoryBoard
(EUAB)

¢ MarcSasBoudewijnDecrop International Marine and Dredging Consultants (IMDC), Belgium
MarcoBartoli, Expert ecologist, University of Parma, Life Sciences Department
Ute Menke, advisor Network WateRijkswaterstagtthe Netherlands
IstvanKoéborhead of laboratory, CentralransdanubiaWater Directorate, Hungary

Geoff Phillips/Bill Brierley, Research, Monitoring and Innovation. Environmental Agency (EA) for
England & Wales

Alfred JohnyWiest EAWAG, aquatic research institute, Switzerland

Algirdas{ G I y 1 SHaad®fthdz&larine Research Department of the Ministry of Environment,
Lithuania = COPERNICUS USER FORUM member

Thomaswolf, EnvironmentaRgency of BadelWuerttemberg (LUBW);ermany

w Tasks
¢ To provide user requirements for INFORM developments at the EUABO1 (March 2014) and EUAE
(Mid-term, January 2016)
¢ To attend the INFORM EUABO3 results uptake workshop (December 2017)
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European approach

Lake Balaton Hungary Largest shallow lake in Central
Kis Balaton Europe, meso-oligotrophic
Water Protection System,
hypereutrophic
Curonian lagoon Lithuania Hypereutrophic coastal lagoon

Lakes Mantua Italy Small and shallow artificial eutrophic
Sweden basins

Lagoon of Venice Italy Turbid coastal lagoon

Lake Constance Germany, Meso-oligotrophic lake
Switzerland,
Austria

Gironde river France Highly turbid river

Scheldt river Belgium Highly turbid river

Germany

Belgium Ukraine Lake Windermere UK Mesotrophic lake
) Czech
Luxembourg Rep slova

Loch Lomond UK Warm, monomictic basin.
A Austria h Oligotrophic northern basin,
M Sloveni Romania mesotrophic southern basin
SSHtenstes Loch Leven UK polymictic, nonstratifying and
Resnia Serbia eutrophic shallow lake
’ . lisselmeer The Netherlands ~ Eutrophic lake, largest freshwater

lake area in Northwestern Europe
Markermeer is a turbid lake.

+Lake Geneva, Switzerland
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INFORM concept (detall)

Propertiesof upcomingeO New/improvedproducts
sensors (Sentinéd, Sentinef3, Atttenuationandeuphoticdepth

EnMAPPRISMA) TSMandturbidity

A Improvedspatialresolution Yellowmatte.r |
A Increasedspectralcoverageto Phytoplanktiorfunctionaltypes Endusers
shorterandlongerwavelengths Stratification

A Improvedspectralresolution Macrophytes |
Phytoplanktorprimaryproduction

Suninducedchlorofyllifluorescence

A
A
A
A
A
A
A
A

Innovativeanalysismethodsand
improvedatmosphericcorrection

Improvedmodelling Endusers
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WP objectives

WP1 Management (VITO)

¢ Legal management

¢ Financial management

¢ Administrative management
WP2Scientificcoordination(VITO)

¢ Scientific coordination of the project
WP3 Enelserinteraction(CNR)

¢ To explore the endiser requirements in terms of water quality products

¢ ¢2 &adAYdz I S LINR 2S OiuseisBndl ordusirgt Q  dzLJO |
WP4 Datayathering(VITO)

¢ To inventory existing data, identify data gaps

¢ To acquire new (hsitu, APEX hyperspectral and satellite) data
» Development Campaign2014

» Testing Campaign2016

GEOInlandand CoastaWater Quality - Webinar
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WP objectives

w WP5AIgorithmdevelopmentandvalidation(U STIRLING)

¢ Development and validation of EO products, and estimation of their
uncertainty for WP6

» Atmospheric correction (RBINS)

» Attenuation and euphotic depth (RBINS)

» TSM and turbidity (VITO)

» Yellow matter (PML)

» Phytoplankton functional types (CNR)

» Stratification (EOMAP)
Macrophytes(CNR)
Phytoplankton primary production (U STIRLING)
Sunrinduced chlorophyll fluorescence (U STIRLING)

GEOInlandand CoastaWater Quality - Webinar
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WP objectives

w WP6 E@nodelintegration(Deltareg

¢ Integration of Earth Observation (EO) &Situ (I1S) data and Water Quality
(WQ) modelling

w WP7Demonstration(EOMAP)
¢ To demonstrate to endisers
» the INFORM prototype algorithms applied to new satellite sensors and

» the added value of INFORM EO products for WQ model validation and
forecasting

¢ To test the compliance of INFORM EO products withiuesad requirements

GEOInlandand CoastaWater Quality - Webinar
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WP objectives

w WP8Disseminatior(VITO)
¢ To disseminate the project objectives, progress and results
¢ To raise the awareness of the INFORM project
¢ To give recommendations for future satellite missions
¢ To organise a results uptake workshop
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Interdependencyof Work Packages
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WP3: Eneuserinteraction
(Leader.CNR)

// GEOInlandand CoastaWater Quality - Webinar
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Kickoff end-userrequirements

w EUAB endiserrequirementsformulatedat the
EUABO1 meeting, 201 March2014,Venice

¢ General conclusion: thieenefits thatharmonized MULTFTEMPORAL AND
SPATIAL information derived from satellite imagesn give with respect to
the traditionalin-situ monitoring techniques based on point measurements
was pointed out as thenost important improvement compared to their
current practices

¢ In addition following requirements were formulated:

» TEMPORALAND SPATIALRESOLUTIONMonthly temporal
frequency of EO data, with a spatial resolution of 100 m.
Exceptionsare TSM,Turbidity and Chla mapswhich are required
daily.

GEOInlandand CoastaWater Quality - Webinar
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Kickoff end-userrequirements

» ACCURACYAssociatedinformation about the quality of pixel
values robust algorithmswith referenceto literature or algorithm
theoreticalbasisdocument(ATBD)

» CONSISTENCYConsistency between products derived from
different sensors a robust atmosphericcorrectionwith reference
to literature or ATBD

» TAXONOMYA standardizedtaxonomy (e.g. parametersnames,
measurement units, legend, color code) is received as a
prerequisite for a harmonized EUwide inland water quality
monitoring.

» ACCESSIBILITYEasily accessible data and downloadable
preferablyby WebMap Servic WMS) trainingis requested

GEOInlandand CoastaWater Quality - Webinar
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WP4: Datagathering
(Leader: VITO)
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INFORM Developmertampaign-
Balaton2014

_akeBalatonand KisBalatonwetland (Hungary)
Dataacquisitionwindow. 7-28 July2014

n-situ measurementgoptical propertiesandwater
constituentg concurrentwith satellite (Landsat8OLI
and HICOpndairbornehyperspectralAPEX)
acquisitions
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MTA

B I n OKOLOGIAI g
KUTATOKOZPONT

Centre for Ecological Research

Balaton Limnological
Institute

Lake Balaton

Kis Balaton
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