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operational ecology and adaptive
ecosystem management: Baltic Sea
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Baltic Sea situation analysis Vel ima g hav

Human activities

— Nutrient loading, fishery,
shipping, tourism,
aquaculture, wind farms

Natural variability and
climate change
— Increased sea temperature

— Sea level rise

— Changes in precipitation and
related river runoff and
salinity

— Changes in winds and related
vertical mixing and Baltic-
North Sea transport
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Ecosystem change

Response of LTL to physical and human
pressures

Eutrophication (Algae bloom, hypoxia)
Response of HTL to LTL and pressures



Instruments for solutions

Monitori

Sustained, cost-effective
Knowledge generation

Unified, seamless,
coupled

Rapid, operational,
adaptive, integrated

Manage
ment

Fit-for-purpose, accurate

J

Ecosystem-based,
Knowledge & fact based
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Policies for member states to
implement:
— MSFD, WFD, MSP, HABITAT, CFP

BOOS and CMEMS (V& & KMV 55
WHEERGMNE El):b'@ﬁ?ﬂl?c%)

— operatlonal monitoring, forecast and
services

HE)LCOM (B F KRR R RR

— offline monitoring, assessment,
management

EMODnet (FRIMNMEFEEHE M):

— data collection and integration

BSHC/IHO (B Z K LERE):

— Bathymetry and maritime transport

VASAB(# Z HI¥EZ B R IR R A £):

— Marine spatial planning



Operational services

PHY & BIO Forecasting systems :
HBM-ERGOM, NEMO-SCOBI

Multi-model-ensemble for BOOS & NOOS

BOOS: www.boos.org
NOOQOS: www.noos.cc
MME Community: ESH, DMI,

FCQO, FMI, SMHI, IOPAN, MSI, UK
MetOffice, Met.no, RBINS

BODS » Mult Mode! Enserniie

Multi Model Ensemble
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Monitoring: BOOS, Argo,
gliders, ferrybox, moorings etc

Platforms == BOOS

SMHI acquires data from
~300 fixed oceanographic stations
~10 ferryboxes + 5 icebreakers
~800 CT stations
in the Baltic Sea

Fixed platforms (FP)

III B Tide gauges (TG)

Moored buoys (MB) -
Ferrybox-lines (FB) ......=;..,... m ;'. e e =’ B
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Seamless modelling: Danish ocean-ice g oM
forecasting system to resolve coastal- o ® Vejrkiimaog hav
estuary continuum

Logstoer 500m
resolution

North Sea/Baltic Sea Topegraphy

BEEMA L0 |«

N
- I
1

o3 oL10 Yo

‘5 """""""""""""""" -..3 m 3’ 5’I ot
£ -~ n X [ oza
5 A S e : water level [m] at Logstoer: model (Blue), obs (Blacl)
{ s &0 150
et
A Y
W s o
LA I 1 1o
R . L R
A . e .
' ‘ R 50
P B 55
E g @
L
x oxf
5| ; O S S S S o f
& a
ox et ® E‘ i = !
IR S e N S S S i 50
o ‘
" H H H H H i ;
5 o 5 10 15 20 25 35

r,a i |

v s«xmﬁ%agréaﬁﬁﬁﬁ %

=1nm (1'x1.66’ )




Depth, m

1

Product validation

T RMSE error: nr04
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Normalised SD

A) NOx 2001-2014
0.1

RSB RS,
Maar et al. (2016)
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Validation stations
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PRIMARY PRODUCTION
(MAAR ET AL, 2016; ZRlA = 1K 56)

Monthly means 2001-2009

e DataxSD(®)
 Model (black line)
e Model mean £SD (grey lines)

B) W. Baltic Sea

All stations: R2 = 0.59, PMB= 1%, nSD=0.83

A) Aalborg Bight D: 172
M: 193
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Integration of online and offllne observations

2% L& T

e SST:

— More integration of satellite and
BOOS (esp. Ferrybox) observations

e T/S:

— More integration of BOOS (mainly
coastal) and Helcom/ICES (mainly
offshore) observations

— NRT delivery of R/V data
— Adding adaptive observations eg
from gliders
e Sealevel:
— More integration of satellite and
BOOS tidal gauge data
e Offshore wind profile &
currents:

— Not sufficiently monitored and
shared
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HELCOM eutrophication assessment

e 5year assessment (in-
situ data only):
— 2001-2006
— 2007-2011
— 2012-2016 (in preparation)

* Yearly fact sheets
(satellite data used)
— Oberg, J., 2016.
Cyanobacteria blooms in
the Baltic Sea. HELCOM

Baltic Sea Environment
Fact Sheets 2016. Online.

N F!
Number of days with cyanobacteria observations during 2016
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CMEMS Ocean State Report 2016: Baltic Sea °,
inflow, Eutrophication, hypoxia, low sea level 2 o omi
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event (BAL MFC, CNR)

Salinity at Baltic Proper Monthly min. Sea level at Kemi — N. Baltic
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spatiotemporal coverage
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OSR Eutrophication 2016: bottom oxygen

Oxygen situation near
the seabed in the Baltic
Sea in 15 August 2014,
2015 and 2016, BAL -
MFC (ERGOMPE K = B
KR4, 2014-16 8.15)

OXYGEN
Oxygen situation near =
the seabed in the Baltic ©
Sea in August 2014, g
2015 and 2016 © SYKE °,
W00 o = v i 22,
2014/16 8.)



LTL response to human & natural pressure

REFEXFARME

Nutrient load has been
reduced since 1990s

Eutrophication has not been
improved as expected.
Climate change (eg increase
of temperature) makes the
reversal of eutrophication
more difficult.

Oxygen condition was 10
times worse in 2012 than a
centuary ago
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IKIEE FR N B FEFRER4L: nutrint load
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Nitrogen deposition from Shipping

*total deposition of Nox July 2012
2012457 H RAUTR*

volker.matthias@hzg.de
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LEIBNIZ-INSTITUT FUR
OSTSEEFORSCHUNG
WARNEM UNDE
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Nutrient tagging g

* Goal: estimate of contribution of anthropogenic nutrient input to
algea blooms and eutrophication (N\Z875 38 77 thitn AR s #1F)
. > Simulations with tagged nitrate input

Ship emissions
and other sources

Nitrate

River loads

Diatoms
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end2end modelling (Danish system, 2006-)

4 Humans

dMain developer : AU DTU

Firm shapes: operational models
Round shapes : research models
Arrows @ coupling directions
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Thank you for your attention!



