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Monitoring Baltic Sea
eutrophication from space-
from research to applications
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Marine remote sensing and management

« Covers large areas
 Cost-effective
« Synoptic view

 Visual format easy to
understand

« New window Into
marine ecosystems

Cyanobacteria Bloom in the Baltic Sea,
MERIS FR image Date20050713_Time094518_Orbits17611, ESA
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Elements for Ecological Status in the
EC Water Framework Directive (WFD):

Biological elements:

@oplankton benthic invertebrate fauna, fish fauna

Hydro-morphological elements (supporting the biological
elements): orphological condition drological d@gé@

Chemical and physicochemical elements (supporting

the biological ele . General: dissolved oxygen, nutrients,
@Pl_s_@ perature; Specific: synthetic and non-synthetic
pollutants

Chl-a and Secchi depth can be used
as Indicators for eutrophication 5.2
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Baltic Sea remote sensingland management

Light qua_lity
& quantity
Secchi depth
Uppwelling

Productivity
Large scale
dynamics
Algal blooms
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SST In the NW Baltic Sea Derived from AVHRR
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Sea Surface Temperature (SST) derived from NOAA/AVHRR data during .«
7 July-4 September 2001, binned images (10 day composites)
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Light penetration in the open sea and in coastal waters

Oceanic — Optical Case-1 waters  Coastal — Optical Case-2 waters

i© Kurl Holiocher, 2002

Kurt Holacher, 2002 St ckho Im

Universi ty



Optical classification of natural waters
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Large scale Coastal Zone monitoring:
synoptic *Ecological and physiological

Satellite remote Atmospheric information variables
sensing corrections - *Physics and chemistry

Bio-optical
modelling

Sea-
truthing

*Optical biogeochemical variables:

_ CDOWM, Chlorophyll, SPM

Small and Platforms:

meso scale o

information |  Research and monitoring vessels,
moorings, ships-of-opportunity

X X

Decision making

Environmental policies and
management

Socio-economics
(e.g. tourism and fisheries)
Public health
(e.g. toxic blooms)




Landsat image of Himmerfjarden
5 May 1986
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Secchi Depth map of the
Baltic Sea derived from SeaWIFS SeaWiFsS Kd(490) image
(end of July/beginning of August 1999) i
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Cyanobacteria Bloom in the Baltic Sea, :
MERIS FR image Date20050713_Time094518_ Orbits17611, ES@%
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Sewage Treatment Plant

FR (300 m resolution)

RR (1.2 km resolution)
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onboard Limanda
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Kratzer et al, 2008
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MERIS Kd490 image (300 m resolution)
algorithmbasﬁe on MERIS chnnels 3and 6
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K4490 (MERIS FR 19/08/2002,
ch3_ch6_TACCS)

MERIS FR transect
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B inorganic SPM 0O CDOM m Chl-a

Himmerfjarden Open Baltic Sea
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Inverted Secchi depth derived from MERIS data
19 August 2002 using a new algorithm (Kratzer et al., 2008)
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Inverse Secchi depth (m) map as derived from the MERIS scene from 22 August
2002, using a Secchi depth algorithm derived from sea-truthing data. Station 7a-7d
in Himmerfjarden are the same as H5-H2 in the national monitoring program. %*3&
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Aeronet-OC Gustav Dalén — algal bloom 2005
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Experimental monitoring
(reflectance measurements
on Gustav Dalén)

Chlorophyll (ug/l)

Regular monitoring data
(point sampling, monthly means)
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Sea-truthing stations
2008
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[esting ICOL processor

MERIS RR data,

transect on 31 July 2008

near Gustaf Dahlen light house

poth ICOL and non-ICOL processed and

Station CIII

compared
to the sea-truthing data.
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Optical variables as indicators of ecosystem state

 and phytoplankton pigments: productive status of the
pelagic ecosystem, influenced by anthropogenic
nutrients from land

(Kratzer and Tett, 2009)
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From research to applications -Development and
quality assurance of an operational monitoring system
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Vattenkvalitet.se

... fran forskning till fungerande tillampning

Petra Philipson - Vattenfall Power Consultant AB
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‘Wattenfall Power Consultant AB | Support | Help
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Print
Results
HMap Contents

= [#] Vattenkvalitetdata
= [#]Himmerfiirden

® [¢]2008-09-25

= [+ 2008-07-31

MWo-1
-z
oz -3
-4
W4 -5
s -6
Hé&-7
m7-8
B-9
W9 - 10

® [#}2008-07-28
[l 2008-07-24
=] 2008-07-23
[ 2008-07-05
[#12008-07-04
=] z008-06-25
(] 2008-06-04
[#] z008-06-03
[#] 2008-06-01
[#] z008-05-12
[#12008-05-11
[#] 2008-05-09
[#] 2008-05-08
[ 2008-04-30
[Fl2o08-04-29

]
lpErEEE AR @R R R ® R

W0-22
Wiz - 14
W14 - 16
16 - 18
W15 - 20
Wz - 30

# [ 5uspenderat

E [F]Humus {m-1]

& [ klorafyll (g

<]

o0~

4,2l

Xrrre

e L

fomsi B R e -
2-3pg/l (Klorafyll (ug/ly) =@
2 - 3pafl (Rlerafll (paill)
0,8mg/ (Suspenderat material
210

1,0mg/l (Suspsnderst raaterisl
L]
= 0,2 /m (Hwmus (1))
1837305, 946488 (Tona ned
| bakgrund)

D09 THE.T

g
g

2wtk stall 28

VATTENFALL o fw‘?;

z
5
Wiy g 55C

Stockholm

Wt

niversity



User consultation meetings

 Vattenfall Power Consultant’s user group
 EU FP6 SPICOSA stakeholder group
« Himmerfjarden nitrogen study reference group

» Direct contact to user, feed-back on what can be
Improved; need to develop user friendly products

» Problem: many users are not familiar with the
method- many perceive the topic as ‘too technical’
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How representative Is the satellite-derived
chlorophyll-a product?

 In the inner fjord chlorophyll a concentrations are
overestimated by 91 %.

* In open Sea and the outer basin of
Himmerfjarden the Chlorophyll a concentrations
IS overestimated by 25 %.

(Kratzer and Vinterhav, 2010)
e Correct for this In the chl-a estimates
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4 Monitoring
O Remote sensing

Monthly average station B1 :
® Remote sensing corrected
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Summary

MERIS provides us with a new tool to assess coastal systems from
space

Indicators for eutrophication, e.g. chl-a and Secchi depth, can be
derived from space reliably (if data is validated)

Chl-a concentrations from remote sensing not significantly different
from conventional monitoring data

Remote sensing data provides improve spatial and temporal
resolution

Together with Vattenfall Power Consultant we have developed a
user-friendly operational system

Continuation of operational system by joining GMES MarCoast
downstream services for 2010-2012

Aeronet-OC stations both for validation of satellite data and for
providing local continuous time series

Continuation of MERIS mission through Sentinel-3 (ocean colour
sensor OLCI and SST / (A)ATSR) through 2023
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2l Possible future application —

using MERIS data to test biogeochemical model

Model input: Kd490 as proxy for light forcing External

g T inputs
A =~ . .

e

Himmerfjarden SSA conceptual model — basin level

System boundary

Mineralization
@ Annual light cycle
% ll‘ S
$\‘ Eukaryotic and
_ Upta pico-phytoplankton grazing
Advection cycle Advection
>
Sedimentation
Vertical Surface water
L Ii)\;l g {
Bottom water
Eukaryotic and
pico-phytoplankton
——
l Sedimentation Advection
___________ deimenr_].

Model output: chl-a as proxy for phytoplankton biomass

)

SPICOSA Conceptual model 2

Courtesy: Jakob Walve
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MVT intercalibration
work-shop July 2008, Asko
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COASTCOLOUR Project from ESA

e Stockholm University and SYKE are
champion users of the COASTCOLOUR

project
* Round Robin of different algorithms for Baltic
Sea remote sensing products

(Sept 2010- Feb 2011)

 Validation of coast colour algorithm in the
Baltic Sea
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Thanks for listening!

SST bio-sensor, Kratzer L1d.
at Landsort Deep (BY31).
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Close collaborations
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http://www.vattenkvalitet.nu/
http://aeronet.gsfc.nasa.gov/new_web/ocean_color.html

NORDIc network for AQUALtIc REMote Sensing
(NordAquaRemS)

Coordinator:
Associated Professor Susanne Kratzer,
Department of Systems Ecology, Stockholm University
Suse@ecology.su.se

Organizing committee:
Prof. Matti Leppéaranta, Helsinki University, Finland
Dr. Anu Reinart, Tartu Observatory, Estonia
Dr. Piotr Kowalczuk, IOPAS, Poland
Dr. Are Folkstad, NIVA, Norway

Main Communication:

E-mail & Skype conferences
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Aims and Objectives- NordAgquaRemS

(1) Advanced education for PhD students and young
researchers, increased mobility and international
experience

(2) Organize PhD and research training courses and
seminars /workshops for students & researchers.

(3) Share expertise and define the most relevant common
problems when applying remote sensing methods In
Nordic conditions.

(4) Stimulate the application of new algorithms for the
atmospheric correction for satellite images of Nordic
water bodies (Baltic Sea and Nordic lakes)
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Aims and Objectives- NordAgquaRemS

(5) Share experience, data and instruments according to
agreed conditions and rules.

(6) Improve exchange between scientists, users and
service providers, including small/medium enterprises.

(7) Span the research and education across the whole
seasonal cycle in Nordic waters, including the winter
season.

(8) Create a Virtual Nordic Institute in Aguatic Remote
Sensing.
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