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Executive Summary

The value of data can only be realized when they are used. Therefore one major factor to determine the
SEGSyid 2F GKS @I fdzS 2@r-thBtzif 4 &CHKSH NI CalESed RizekRI2 & § A
Point Data Adequacy Report (DAR) is to assess the FFU levels of the Baltic Sea data in areas of air, water,
biota, seabed and human activities for their usages in seci@homic benefit areas and marine knowledge
generation, which are presited by eleven challenge areas predefined byNMIRE European Commission
DirectorateGeneral for Maritime Affairs and Fisherie§lhe data assessed focused mainly on in situ
observations but also include satellite observations, model data, human adattyand integrated data

by combining models and observations.

The eleven challenge areas are wind farm siting, marine protected areas, oil platform leak, climate change,
coastal protection, fishery management, fishery impact, eutrophication, riveripatsn bathymetry and

alien species. The assessment is mainly qualitative with focus on the availability and accessibility, e.g.
completeness/coverage, resolution and precision when using the data fodgfieed tasks in each
challenge areas, e.g., windrifa site suitability design, generate 100 year time series of sea level for the
Baltic coastal stretches etc. The procedure of the assessment is taken in four steps: i) to describe the pre
defined data use cases and objectives; ii) to specify data requiveniie performing the data use cases; iii)

G2 Ay@SadAarisS GKS RFEGE T @FAtFoATAGE | yiRkR-thédBOS G2 |
of data in the selected challenge areas by comparing the data availability with the data requirements.

In this assessment report, all the potential data sources from national, regional and European levels are
taken into account. This includes global and European data centres e.g., ENM(@Dmnepean Marine
Observation and Data NetworkBeaDataNét(PanEuopean infrastructure for ocean and marine data
management projectfCMEM$ (Copernicus Marine Environment Monitoring Service), 1QJB®@rnational
Council for the Exploration of the SeaAquaNI3 (Information system on aquatic nendigenous and
cryptogenic speciesand GRDTGIlobal Runoff Data Centre) etc., regional data networks such as HELCOM
(Helsinki Commission, the Baltic Marine Environment Protection CommissB@©%(Baltic Operational
Oceanographic Systdrand BSHQThe Baltic Sea Hydrogrtaic Commissionetc., national data centres of
meteorological, oceanographic, hydrological, geological, maritime, environmental and fishery agencies, as
well as datasets from research projects. On the other hand, due to the complexity involved in the
assessment, insitu observations, especially those from EMODnet, are given more focus than other datasets.
For each challenge area, only key variables are selected and data adequacy assessed. Recommendations
for major data gaps, priorities for future obseriais are given.

! http://www.emodnet.eu/

2 http://www.seadatanet.org/

3 http://marine.copernicus.eu/

4 http:/mww.ices.dk/

5 http://ww.corpi.ku.lt/databases/index.php/aguanis/

® http://www.bafg.de/GRDC/EN/Home/homepage node.html
" http://www.helcom.fi/

8 http://mww.boos.org/

® http://data.bshc.pro/#2/58.6/16.2
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The Baltic Sea Check Point project will deliver two Data Adequacy Reports. The first one consists of DARs
for each challenge areas, based on the use of data in the challenge areas in the firstpfifijged months.

The project applications and data adequacy assessment are based on the expert knowledge in each
challenge area. It is expected that the report will give a summary of the-efdtee-art usage of data for

the specific tasks, as well as thdequacy of the available data in these Baltic Sea applications.

Due to the fact that not all tasks in the challenge areas have been completed, some issues may not be fully
resolved in the current version of the DAR. These issues, together with thectraltsnge synergy of data
requirements and adequacy will be addressed in the second DAR report. It is also important for readers to
be aware of that the adequacy of data is assessed against the data requirements when they are used for
specific applicatios but not for general purposes.

Major outcomes of the project are presented in the report in regarding to challenge areas:

Wwind farm siting:i KS  LJdzZN1J32 &S 2F dzaAy3 YINRYyS RIFEGF Ay GKS a
feasible and coseffective wind farm sites in the Baltic Sea. The most important variables used in this
application are wind profiles, ice, currents, sea bed conditions and human activities. Major findings are i)
data are available from EMODnet, HELCOM, CMEMS, BOOS, nationablogiesl, oceanography and
maritime agencies, research communities and wind farm companies; ii) user needs on surface winds, waves
and ice data are generally satisfied; @fjshore wind profile and current measurements are not sufficiently
monitored andshared; iv) quality of modelled winds and currents in the shallow coastal region needs to be
improved;Vv) human activity data e.g., navigation, grid network and national regulations in related to wind
farm siting should be made available and shared. iéé®@mmended that i) an optimally designed offshore

wind profile and currents monitoring array is needed for entire Baltic Sea offshore wind farm igjittimg;-
resolution (£3km) weather and oceaite assimilation and reanalysis (>30years) should beldped to
improve the quality of coastal wind and current prodyci) EMODnet human activity Lot should be
extended to include more data necessary (e.g., cables and pipelines, navigation data) for the wind farm
siting iv) © enrich existing bathymetrgatabase with new data, especially in eastern Baltic Sea, and to
develop finer seabed slope products.

Marine protected areas (MPAhe purpose of using marine data in the MPA challenge area is to identify
consistency between existing Baltic MPA networld aCNP (International Union for Conservation of
Nature) categories, contribution of MSEQ{Marine Strategy Framework Directivmanagement measures

to the coherence in the MPA network and climate change impact on the MPA network. The most important
variables used in this application are G{&e@graphic Information Systengyers of the MPA network,
management measures, Baltic Sea marine Essential Climate Variables (ECVs) and Distribution of threatened
species, protected species and habitat types. Majodihgs are i) data are available from EMODnet,
HELCOM, BOOS and CMEMS;iniiprmation required for identification of IUCN categories for
appromatelymp:’s 2F at! Qa Aa y2d NBIFIRAtE& | @FrAflofSs &0l
national languags.However, vinen access to the needed information is set, data are usually adedoat
assigning IUCN categoridi§;information forthe assessment of the network coherencecarding to Article

10 https://www.iucn.org/
Y http://wvww.msfd.eu/
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13 in the MSFI»s currently not adequatd.evelof details provided in national MSFD reparts spatial
protection measures des not allow assessment of their intensity and spatial distribution at any finer scale
than the countries territorial or EEZ (Exclusive Economic Zone) watersyfarniation avaiability and
adequacy for the climate change impact studily satisfies theneeds and is not considered to lintfie
implementationof the applications.

Oil platform leak(i KS LJdzZN1J32 &S 2F dzaAy3 YINARYyS RFEGF Ay (G4KS &
reaktime oil drift forecast and identify sensitive coastal areaseptil affected by the oil leak. The most
important variables used in this application are surface wind, current, ice and wave forecasts, oil slick
images as well as human activities. Major findings are i) data are available from national meteorological,
oceanographic and coastal agencies, maritime agencies, EMBdropean Maritime Safety Agengcy
EMODnet, HELCOM and CMEMShé})e is a lack of open source sditellite image of oil slicks and AIS
(Automatic ldentification Syste)ndata; iii) n general,more wind and current observatits, as well as
comprehensive validation dhe forecasts of thesea surface winds and currents areeded,; iv) foril spill

in coastal waters and icing waters, mapecific data are needeid comparing to open water oipill. For

the icing waters, the quality and resolution of ice forecast should be further improved. For oil spill in
catchmentcoastsea continuum, the publicly available bathymetry will not be sufficient. However, this may
not be an issue as each countrgs its owrhigh resolution bathymetry databasghich can be used in the
national oil spill combatting. The ocean and weather prediction will need resolution in a few hundreds of
meters. Their quality, especially forecast of surface currents should bagxely validated and improved.

Climate changeti KS LJdzN1J2 &S 2F dzaAAy3 YINARYS RIGF Ay GKS «a
climate change signals (e.g. trends) in the Baltic Sea. The key variables investigated in this application are
seatemperature, salinity, internal energy, sea i@en ghytoplankton abundance. Major findings are i) the
marine ECV data are available from CMEMS, meteorological and oceanographic agencies while
phytoplankton data are from HELCOM/ICES, EMODnet and natioviabranental agenciedpts of data

are already openly downloatlle; ii) spatiotemporal distribution ofong time seriedor temperature and

salinity (>50 years) are uneven, and are available fooig a limited number of locationgii) The total mass

of ice is difficult to measurand lack of londerm time series iv) climatic runs with models should be
updated constantlyith new major model versionand assimilation techniques; vihytoplankton dataare

still muchavailableon local databasesThere ag lots of missing data and pending data; vi) there aredong

term data made by historical observing programs which have been stopped, e.g. light house observations,
volunteer observations. These data are important for climate change research and showltlelséed by
EMODnetlt is recommended thatepresentative longerm monitoring stations should be identified and

kept alive

Coastal protectionil KS LJzN1J2 &S 2F dzaAy3d YIFINRYS RFEGFE Ay GKS
identify sea level rise andoastal erosion signals in the Baltic Sea in tatamual, decadal and centennial

scales. The key variables investigated in this application are sea level, bathymetry, land rise, waves and
shear stress;oastline evolution, sediment and litholog¥his reprt only covers sea level rise application.

12 http://mww.emsa.europa.eu/
13 http://www.psmsl.org/
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The coasdl erosion application will be included in next repdvtajor findings are i) sea levelata are
available from PSM§I(Permanent Service of Mean Sea Level), EMOMMEMS and national coastal and
oceanographic agencies) the network of high qualityile gauges is maintained throughout the region. By
combining existing sea level data with models, it is possible to reconstruct high quality monthly sea level
data in entire Baltic Sea in the past 100 yediis most of the sea level data froPoland, Liuania and

Latvia are not included in EMODnet database; iv) some historical data may be recorded in paper, therefore
will need digitizationy) local reference level is a minimum requirement for all tidal gauge stations, which
should be complete and avalile for all sea level stations including tiwarying information (following
PSMSL standards).

Fishery managementi KS LJdzN1J2 &S 2F dzaAy3a YINRYS RIFIGF Ay GKS
identify temporal and spatial variation of landings, dists and bycatch of important Baltic Sea commercial

fish species. The key variables investigated in this application are landings and discards of different fish
species in mass and in numbers as well as bycatch of marine mammals and sea birds. Majoe fjrattgta

are available from national statistical offices, national laboratories, ICES, EURDSTETF (European
Commission Scientific, Technical and Economic Committee for Fighera$IELCOM,; ii) fish landing data

are adequate for stocks wherelevant/available and used for stock assessment and subject to continuous
improvements of sampling programs; iii) fish discard data are acceptable for stocks where used in stock
assessment and subject to uncertainty check; iv) no regular monitoring orighebycatch, the data
generally adequate for the purpose when available and availability limited; v) adequacy of the relevant fish
data have also been addressed in ICES Expert groups.

Fishery impactsi KS LJdzN1J32 &S 2F dzaAy3d YIONEYy DKREGISyE$ G(KSI o
scale of impacts from fishery activities. The key variables investigated in this applicatepataeextent

of fishing fishing intensitygear type bottom salinity, habitat, protected benthic species, bathymetryar

bed light intensity, marine landscape and VM&<gsel Monitoring SystemMajor findings are i) habitat

data are available from HELCOM and EMODnet, fishery data are available from ICES and environmental
data are available from CMEMS and EMODnetijsiiefies data (VM8ata) are spatially and temporally
restricted, they are only available at a scale of gedl size of approx. 10 km x 5km for the years 2093

at a yearly scale; iii) environmental data is considered available and adequate; igt lagloitspecies data

is considered available and adequate, but variable in quality, e.g., variable prediction confidence in
modelled data and substantial extrapolations due to lack of ecological data in some areas.

Eutrophicationithe purpose of using mafiS RF G Ay GKS GSdzi NPLIKAOI A2V E
environment status of the marine ecosystem. The key variables af&, ¢btal nitrogen, total phosphate,

secchi depth and dissolved oxygen. Major findings are i) data are available from MEERIODnet,
CMEMS and national environmental agencies; ii) high data confidence for eutrophication is only found in
less than half of all subeabasins; iii) both EMODnet an@ES have data that the other does not but it is

more time consuming to downlad EMODnetlata; iv)generally the subbasins in transition waters and

icing waterswere lacking sufficient amount of data for the high confidence assessnfeotDIN and DIP,

more observations are needed in Danish Straslf of Finland, Aland Sea afde Quark; for ckh, more

14 http://ec.europa.eu/eurostat/data/database
15 hitps://stect.jrc.ec.europa.eu/
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observations are needed in Great Bdliand Sea, Bothnian Sea, The Quark and Bothnian Bay; for secchi
depth, more observations are needed in Danish Stragstern Gotland Basin, Aland Sea, The Quark and
Bothnian Bay.

Riverdischargefi KS LJdzN1J2a$S 27F dzaAy3 YINARYS RIFGF Ay GKS aN
water volume, total nutrients and economic species discharged into the sea. The key variables are river
discharge of water volume, total nitrogen, togahosphate and sediment, water temperature and amount

of salmon in river runoff. Major findings are i) data are available fidlaBHDOBALTEX Hydrological Data
Cente), national hydrological offices, especially SMBWédish Meteorological and Hydroloditastitute)

with data from the EHYPE model; i) the river temperature dataset has few observatioiie EHYPE

model is now simulating river temperature, model performance is considered sufficient but it could be
improved by increasing the aWability of existing datasets; iiijlischarge observations are available from
different databases but with major data gaps. The BHDC is no longer updated. -HWirEENo0del is used

to fill in the gaps and has shown good results over the Baltic Sea drainageuargdhboverestimations in

the south eastand under in the northern part; iwutrient load is calculated using discharge and nutrient
concentration. The observed concentration is often too sparse to calculate loads wWHNE&E model can

be used to filln the gaps with good results.

Bathymetry:i KS LJdzN1J2 &S 2F dzaAy3a YINARYS RFEGF Ay GKS aol
high resolution and openly available bathymetry dataset as well as related uncertainty estimation. The key
variables arewater depth. Major findings are i) data are available from BSHC Baltic Sea Bathymetry
Database (BSBPand EMODnet, in 500m resolution; i) due to national regulations, data availability varies
greatly with countries. In Lithuanian and Russian waters, BSBData from GEBE@ né¢ o6 G K& Y S i NB
Sweden and Finland have restrictions on the resolution of released bathymetry, i.e., 500m, while other
countries e.g., Denmark and Germany release data up to 4m resolutiameiigxistence of good quality
bathymetric data sets is gradually improving but bathymetric surveys are expensive and time consuming
operations. In a substantial area of the Baltic Sea the quality of available bathymetry is still low. This seems
to be especially the case for shallower watéhat are not of interest for commercial shipping.

Alien speciesti KS  LJdzN1J2 &S 2F dzaAy3a YINRYS RFEGEF Ay GKS al
catalogue of alien species and there geferences in the Baltic Sea. The key variablesadien species,
habitat, water temperature and salinity. Major findings are i) alien species data are available from AquaNIS
ICES and research databgsip monitoring data is completed by the geeferenced information from
literature sources; iii) itis recommended that point information should be completed by empirical
modelling to show the areas wheidonIndigenous Species (NI&e already present and may spread in

the future. Salinity and water temperature are two most frequently used paramétetfse risk assessment.

The essential precondition for the empirical modeling is the availability of the physiological tolerance data
for NIS, i.e. data showing the limits of environmental parameters for their survival and normal functioning
such as feedig, reproduction and larval development. Data mining on species physiological limits and
empirical modeling of species distribution is beyond the scope of the current project, however the
necessity of such maps for NIS assessments and prognosis, shoalkebénto account in the future.

18 http://hypeweb.smhi.se/europehype/about/
7 http://www.gebco.net!
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1 The scope of marine data adequacy analysis

Marine data are essential in supporting sustainable development of marine economy, ecodzasteth
management and climate change adaptation and mitigatEeMODnets a long term marine data initiative
from the European Commission DirectordBeneral for Maritime Affairs and Fisheries (DG MARE)
underpinning itdMarine Knowledge 2020 strategy. It assembles European marine data, data products and
metadata from diverse sources in a uniform way, to unlock fragnaeated hidden marine data resources
and to make these available to individuals and organisations (public and private), and to facilitate
investment in sustainable coastal and offshore activities through improved access to -qgalingd,
standardised and drmonised marine data which are interoperable and free of restrictions on use. There
are seven data Lotsm EMODnet to collect and provide accessmarine data onbathymetry, geology,
physics, chemistry, biology, seabed habitats and human activities.

In addition, EMODnet also has a marine data assessment component, including six European Sea Basin
Checkpoint projects in Arctic Ocean, Baltic Sea, North Sea, North Atlantic, Mediterranean Sea and Black Sea.
The purpose of the checkpoint projedssto examire the currentmarine data collection, observation,
surveying, sampling and dasssembly programs in thBea basis) assess and demonstrate howely can

fit into purpose in the socioeconomic challenge areas. To make this practice more solid and fe&ible, D
MARE in the tenders to the checkpoint projects has defined important challenge areas, and key
applications in each challenge area for theta adequacy assessment. For the Baltic Sea CheckPiont (BSCP),
elevenchallenge areabkave been specified.e.,

wind farm siting,
marine protected areas,
oil platform leak
climate change,
coastal protection,
fishery management,
fishery impact,
eutrophication,

river discharge,
bathymetry,

alien species.

= =4 =4 4 -4 4 4 -8 -4 - -9

The Baltic Sea region is as defined by the Marinat&jy Framework Directive, i.e., the seeniclose sea
bounded by the parallel of the Skaw in the Skagerrak at 57°44.43'N.

The work procedure in BSCP is first to review from literatures how the marine data has been used and
assessed in the Baltic Sea. Tlv@come of this effort is the Literature Review report, whichs been
published at BSCP web poftalBSCP then carries out application tasks for each challenge area and
presents products from the applicatiossch as maps, digital data layersdareportson the portal. Finally

"http://www.emodnet-baltic.eu/
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data adequacy of existing marine data should be assessed for their usages in these applidéons
outcome of the assessmentill be summarized into Literature Review atwdb Data Adequacy Reports
(DARSs)The first DAR should be delivered in project month 15 and the second in the project month 30.

According totender specificationdor the DARs"The first part looks at the needs of usersfisheries
managers, coastal protection authorities, national authorities responsible for marine Strategy Framework
Directive, ports, shipping, offshore energy exploration, pipeline laying etc. The second looktearayn
parameterg temperature, bathymetry, se&evel rise etc.”

However, since theroject has already performed a significant amount of work in the first 15 morfttieeo
project, the first DARhasincluded both parts: user needs and data adequacy pey kariables. There will

be unresolvedssues in each challenge area which will be further accomplished in the second DAR report.

The data adequacy is normally assessmt key variableand related characteristics e.g., coverage,
resolution, quality and@mpletenessDue to complexity in the data adequacy assessment, following issues
should be taken into account:

1. Adequacyassessmentmarine data adequacy will be assessed regarding to specific user needs for
the 11 selected challenge areas which are defimBSCP tender. It should be noted that the data
requirements are identified according to specific outputs defined by the EC in the contract.

2. 5Aa0Ay3dAaK RFEGEFE FRSIjdzZ 08 F2NJ a3Sy &Ndra giverlJLXE A O
challenge eea, applications can be divided intategories ofgeneral applicatios and individual
applicatiors. An individual application, in many cases, needs very high quality and very local
information, which can only be generated by using specific local measmtsmThis normally
cannot be resolved from community data. In this report, data adequacy is only assessed for general
applications in the Baltic Sea region rather than individual applications for specific sites.

3. Integrated assessment: marine data can badm available througim-situ, remote sensing, model
and integrated use of all of them. The assessment of the marine data adegu#ug report will
mainly focus on the adequacy of the mariinesitu observations and human activity information in
the 7 BMODNET Themes (Physics, Chemistry, Geology, Biology, Seabed habitat, Bathymetry,
Human activity). The data adequacy is, however, referreth¢ostate-of-the-art approach of data
production, in many cases an integrated approach of usirgdpsdl productiormethods.

13
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2 Methodology used in BSCP DAR

There have been many EU projects in assessing the marine data adequacy and gaps, e.g. ODON (Optimal

Design of Observational Networks), OPEOperational Ecology), HELCOMBRE etc. This part of the
research s been evaluated in the BSCP Literature Ré\(section 2.4)However, the existing projects

mainly focused on the data requirement for a specific area, e.g. operational forecasting or environment

status assessmenEMODnet Chegloint projectsasked fordata adequacy assessment for many challenge

areas and resources available do not allow quantitative assessment. Therefore the assessment method

applied in the BSCP DAR will be a qualitative one.

The first step for the assessment is to define the termiggloglossary and evaluation tefiia. The most
important ones are described as follows:

- Marine cata: all data, maps, tableandinformation describing status or change of marine
atmosphere, sea and river waters, biota, sea bed and related human activities

- Key varial#s the most important parameters needed in accomplishing the application tasks in a
given challenge area.

- Data type: he waythat the data are produced, e.g.-gitu, satellite, model, integrated,
publications, website, statistics etc.

- Daa usage: how the data are used in a given challenge area or a given appliaakion

- Data requirements: the coverage, resolution and quality of data that are neimdediven
challenge area or a given applicati@sk.

- Data alivery. referring to the atire procedurefrom data measuring to data access by the end
users

- Data accessibility: the level of data access in terms of its technical solutions, timeline and data
policy

- Deliverytypes:how the datais delivered, including technical solutions e.gefwvpased ftp and post
etc., timeline e.g. online, near real time, offline,-myuest etc. and data policy applied, e.g. open,
free, cost etc.

- Delivery time: time interval between the time when data are measured and the time when data

can be accessedhisincludes twotypes R St A GSNE GAYSé> 2yS A& 0SiG6¢

measured and the time when data can be requested for access; the other is between the time

gKSY RFUF FNB NBIdZSadSR YR GKS GAYSYSKSNY REKS

report covers both of them but the focus can vary in different context.

- Data coverage: the spatial and temporal coverage of the data

- Data completeness: the percentage of the data that take account for the complete dataset in
assigned data covage.

- Data resolution: sampling interval and frequency in space and time; or the representative size in
spatiotemporal dimensions of one data.

http://ww.marineopec.eu/Deliverables.html
3http://mww.helcom.fi/lhelcomrat-work/projects/completedprojects/more
*http://www.emodnet-baltic.eu/Portals/0/LiteratureReview/Baltic checkpoint literature survey report.pdf
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- Data appropriatenessi KS  S@St 2 F | LILINR LINR | ( GeSsiod. Ay R G ¢

- Data availabilitythe terminology has been used in the repstowing the condition of data
GF @FrAtrFroAfAGE Ay addidsdufiof ( $ YIR2 NI 51 @2 @ S NI A AT ey 7

- Data precisiondatadeviation from true vala and its scatter

- Finessfor-purpose data adequacy assessment: to assess if the data are sufficileeir
availability andaccessibilityn order to meet giverpurposes of the end usersavho use the data

- Fitnessfor-use data adequacy assessment: s3ss if the data are sufficient in their availability
and accessibility in order to meet the requirements during the deta procedure

It should be notified that some of thebove definitions are different from what weresed in

Mediterranean Sea Cheatgmt (MSCP) Forexample, forthe simplicity,i KS G SNY & Rlhéré | @I
coveso 20K ¢KIG YR K2¢ RFEGF FINBX YIRS | @gFrAfBaaé GgRd
Gl @1 At 06AINMBEPDER & R2Yy S

The BSCP DAR uses maimgualitativeapproach.Thelevel offitnessfor use and gaps identified is linked to
the application taskén each BSCP challenge ar@apractice, he assessment of the marine data adequacy
for the 11 Baltic Sea challenge aréadudesfollowingfour steps:

1. Tointroduce the background of the challenge area, i.e. the purpose of using data, which data are
used and how they are used,;

2. Toidentify data requirements for eadtey variable in the challenge area, including requirements
for accessibilityspatiattemporal coverage, resoluth, and precisioretc.;

3. To icentify data aailability of each key variabfer the challenge area

4. To assess data adequafor each key variable in tlebhallenge area

The key variables for each challenge area it availability have been mostly identifiedhithe Literature
Review report with a general scope for the challenge areas. The BSCP DAR will rmhinithde-depth
fitnessfor-use data adequacy assessment in BSCP challenge areas. Hence the key variables imssessed
BSCP DAR amaly the onesthat aredirectly used irthe application tasks in thproject. Thisleadsto some
limitations in the scope of the DAR tbmakesconclusions and recommendatiomsore sensible and
concretefor the EMODNET marine data developrmen

For a givendy variable in a challenge aréda data adequacy is assessed with its abditst against the
data requirementsMajor assessment indexesed in the BSCP are:

Data accessibilityincluding e@livery types and delivery time

Data ompleteness & coveragim space and time

Data esolutionin spatial and temporalimensionsgcategories etc.
Data pecision

=A =4 =4 =4

Shttp://mww.emodnet-mediterranean.eu/wpcontent/uploads/2015/06/D11.2evisedV11.pdJ.
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For readability and claritythe data adequacyor each assessment indexd key variablés assessed with
three options i) data fitfor the use (mar8 R ¢ RF{# K Tdata areiot adequatefor the use iii) the
adequacy of the data cannot be decided in the scope of the project. In addi#Boommendationsare
givenfor improving the data adequacy.

For different challenges, the importancetbe asessment indegs@ | NA S & ® CRrétkidBisImdteJ ST«
AYLRNIFY(Od F2NJ g6AYyR RFEGE Ay gAYR FEFENY airdiy3da Kby
oil platform leak but not in the other area¥his means that once the assessmentineel has been put in

place, the final assessment must be made by challenge exgestssomechallengeareas,e.g, alien

species and fishery sectotthie data adequacy may not be assessed hby risolution in space and time

rather than in categories and tegs of data.

It should benoted that data may also covéne integrated product®.g.outcomes of integrated use of the
available data and models. In some cases, althongitu marine observations are not adequatefit the
useof the applicationsdata productsby integratingin-situ, satellite data and modelsre able tdfit for the
uses

The rest part of the report is organised according to challenge areas. Each challenge area has a chapter on
the data adequacy of key variables used in the areaclhwdonsists of following sections:

Introduction

Data usage andada requirements
Data availability andata adequacy
Conclusions and recommendations
References

®PaoT R

As mentioned above, BSCP will deliver two DAR reports. At the moment, only part of thatappbceas
has been explored. This also means that our knowledge on the datguacyis now not complete and will
be further developed and updateth the second half of the project period. We do not expect drastic
change in the frame of DARbut the new knowledge will be included.h€ links betweenhe different
Challenges will also be investigated.

16



Baltic Sea CheckPoint Data Adequacy Rdport Date: 2016.9.15

3 Data adequacy analysis for offshore w ind farm siting

3.1 Introduction
The objectives of Offshore Winduftn (OWF) siting ar¢éo identify feasible offshore ind farm sites with

balanced economic, environmental and social impacts and consequerussncludesuitability analysis
impact assessmenand optimal siting. The suitability analysis is a preliminary analysis that identifies
locations which are suitde for offshore wind farmsThisconsists of wind condition suitability, meteean
suitability and environment suitability The impact assessment is to assess the environmental, ecological
and socialimpacts of a given OWF site, e.g., impacts on the yiaguatic system and habitat et€he
optimal siting is to find an optimal site in terms of cost and benefit. The cost includes not only construction,
deployment, transmission and maintenance cost, but also a cost due to negative environment, ecological
and social impacts. The benefit also covers the economic (which is mainly through wind power generation)
and positive impacts on the ecosystems and society. The-efatee-art wind farm siting normally applies

an integrated approach which uses a large amtaef marine data from different sectors as essential inputs.

Before discussing the marine data adequacy for wind farm siting in the Baltic Sea, it is necessary to have a
brief description of a typical offshore wind farm. As suggestelm9 [ Q&  éctridalhillectindahd
Transmission Systems florF T 8 K2 NB 2 A y R tinZanSdedtiorfid\aRBwvind farm oonsists of 100
turbines with 10 turbines in a row. A 3 MW turbine from Vestas (V90)ahador diameter of 90 m. The

distance between each wil turbine must be at least seven timéee rotor diameter, which mean€830 m

by use of a V90 wind turbine. The cable length between each wirlne is at least 830 m. AWind

turbines in a row could be connected with a 7 Km connection cable to thiearésubstationlt should be
Yy20SR GKFG adnYéd 2F NRG2NI RAIFYSGSNI A &L70m ar@iaie O2 y
expected to go beyond 200m. The reason for using 90m is that the cost formulas cited in this report were
based on turbines of ik size.

There are four different types of foundations for offshore wind farms: Monopile, Gravity base, Tripod and
Floating. Each foundation type can be used for a certain water depth. The application of Gravity base
foundations is common between 1 g20m. In a water depth range between 1@80 mmostly Monopile
foundations areused. Tripod foundations are a transition technology between shallow and deep water (20
m ¢ 50 m). In water depths deeper than 50 m only floatingrfdations are going to be used

Since the average depth of the Baltic Sea is only 50 meters, a significant percentage of the waters can be
used for cheaper, noflioating foundations. In the BSCP project, the floating foundation will not be a.focus
Due to the resource availability, trstudy will mainly focus on the site suitability study although extreme
condition analysisvill also carried outuring the project periodFor the data adequacy report, however,

the data needed foimpact assessment armbstbenefit analysis are algmartly covered.

3.2 Data usage anddata requirements
Key variables needed for OWF siting covers all 5 data matrix areas: air, water, biota, seabed and human

activity. These variables have been identified in BSCP Literature Review Report, which can alsoibe found
Tab. 3.1. Specifications of requirements on these variables are given Tab. 3.2, and described in the
following subsections.
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Table 3.5 | G | dz&VInd@f&m dityig &
Variable Data Usage
type
Wind profiles (speed, direction) In-situ | Obs. at sitewind resource estimation, normal/extreme condition
assessment, safety and cost assessmeatexpectable windbad
on the wings, wind shearyailability analysis of suitable
maintenance and construction windows.
Gereral: Model validatiorand data asshilation.
Model |User & RSFAYSR AYy &h o & dfor bcgan enddélsS
Meteo. data: In-situ | Obs. at site: estimation of normaitreme conditions, afety and

Air Temperature, Air Pressure, Air
density, Specific humidity, Cloudines
Cloud water

cost assessmenise. architecture of foundations, piles and wings,
e.g. cloud water for expectable ice load on the wings.
Gereral: Model validation andssimilation.

Model

Usek & RSTAYSR AY &h o & dfor bcéan enddélsS

Ocean circulation:
Currents (speed, direction), Sea leve
Salinity, Temperature

In-situ

Obs. at siteestimating normaléxtreme conditions, safety and cost|
assessments.g. strength of foundations and weathering of
foundations and piles.

Geneal: Model alidation andassimilation.

Model |Useas\y Ghoad G &A0GSEéEwWavembiOA Yy 3
Waves: spectra,ignificant wave In-situ | Obs. at siteestimating normakxtreme conditiors, safety and cost
height,dominant period, zeraup- assessmentsvailability analysis of suitable maintemee and
crossing period, Max. wave height construction windows, max. wave height assessment

Geneal: Modelvalidation andoptimization

Waves: spectra,ignificant wave Model | & RSTAYSR Ay & hniad wavéd héightiabsésSraen
height, crosszero/peak periodf forcing for atmosphericpcean circulation and sediment and
wind sea, well and total sea suspended particulate matter transport model
Sea Ice: thickness, strength, flow siz¢ In-situ | Normal/extreme conditions, safety and cost assessments,
extend, occurence Sate availability analysis afhaintenance anctonstruction windows.

llite Geneaal: Model validation anéssimilation.
Oceamutrients, chlorophyHA, In-situ | Environnental status assessmentcelogicaland economic impact
oxygen Model | assessmentnodel validation andssimilation.
Birds/marine mammals/fish:pecies, | In-situ | Environmatal status assessmentgelogicaland economic impact
red lists, proteted status, important assessment
areas,migratory patternsHabitats
Abundance, lomass, formations,
angiospem, macro algae,
interverbrate and bottom fauna
Bathymetry depth, land rise In-situ | For depth dependent foundain design and cost estimations.

model
Sea bed geolog substrate,sea bed In-situ | Seabed and coastal geology dependent founidat design and cost
slope,sediments/lithology, castline Model | estimations, sdiment dynamic and suspended particulate matter

evolution, ®a bed habitats, energy at
the sea bed

dynamic assessments for impact studikelentification of
sedimentation and resuspension domains.

Human activity: exist. wind farms, Marine | Identification of avalable areas for site selection,
maritime traffic, fishing mariculture, | Spatial | For construction and maintenance cost estimations, as well as
coastalland use, MPA, dredging and | Plannin | planning of logistic operationsurbine assembly, transport and
dumping sites, portdpfrastructure g deployment Electric transmission costs, downtime and availability
aggregateextraction, pipelines and for costbenefit analysis.
cables Grid retwork For assembling and managing logistic operations,
Regulatory constraints Publica | Regulatory basis for site selection
Touristic or residential aresahead of | tions, Environmental impact assessment
wind turbines web

sites
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Variable Data Accessibility Completeness| Resolution Precision
type / coverage
Deliver | Deliver | Spati | Temp Hor. Ver. Temp.
y type | ytime al oral
Wind In-situ | open, months | Baltic | >10- | N/A* 5 heights | Hourly 0.1m/s
profiles free -years | Sea | 20yr up to Monthly
Model | open, months | Baltic | >10- | Max. 130m 0.51m/s
free -years | Sea | 20yr | 5km Eu'b-ht
Meteo.- In-situ | open, months | Baltic | >10- N/A aﬁijg T 0.1°C
data: T, free -years | Sea 20yr surface. P,i: 0.15hPa RH
P.i, RH, 3%
Cloudness | Model | open, | months | Baltic | >10- | Max. Tar <0.51°C
free -years | Sea 20yr | 5km P,ir :<0.5hPa
RH:3-4%
Currents | In-situ | open, | months | Batic | >10- | N/A <3m at Current speed:
(speed, free -years | Sea | 20yr surface 0.01m/s
direction), and sea levellcm
Sea level, | Model | open, months | Baltic | >10- | Max2km | seabed Currentspeed
Saliniy, free -years | Sea | 20yr | for Baltic 0.05m/s,
Temperat 1km for Sea level 5
ure Danish 10cm Salinity:
Straits 0.51
Temperature
1°C
Waves In-situ | open, months | Baltic | >10- | N/A N/A dgnificant wave
free -years | Sea | 20yr height 0.1m
period: 1s
Model | open, months | Baltic | >10- | 1-10km N/A 0.2m significah
free -years | Sea | 20yr wave height, &
for dominant
andmean
periods
Sea Ice: Obs Delaye | months | Baltic | >10- | 1km N/A 10% ice
d, -years | Sea | 20yr concentration,
open, <45cm ice
free thickness, 40%
to 80% ice drift.
Nutrients, | In-situ | open, months | Baltic | >10- | 10km 5m in the 0.5 psu salinity,
chla, Model | free -years | Sea | 20yr upper 1°C
oxygen 90m temperature, 10
cm sea level, 0.]
mmol/m®
nutrients,
0.1mg/ nt chia,
0.1ml/l oxygen

*N/A ¢ Not Applied

19



Baltic Sea CheckPoint Data Adequacy Rdport Date: 2016.9.15

Table 32b.5 I G NB|j dzA WikdYafhysitisg ¥ 2 NJ &

Variable Data Accessibility Completeness Resolution Precision
type / coverage
Delivery | Delivery | Spa | Tem | Hor. | Ver. | Temp
type time tial poral
Birds/marine mammals/fish| In-situ | Delayed, | months | Baltic | N/A N/A
Habitats abundance, open, years Sea
biomass, formations, free
angiospermpmacro algae,
interverbrate,bottom fauna
Bathymetry Interpo Continuo Most | <50- | N/A | N/A 0.01m
lated usly recen | 500m
Sea bed geology: Interpo updated tdata | 50m- | N/A | NJ/A | 0.01lm/m
characteristics and lated 1nm sea bed
substrate, slope
sediments/lithology,
coastline evolution, sea beg
slope
Sea bed habitats, energy aj In-situ, Months- >10yr | 5km | N/A | Mont | 0.001m/s
the sea bed Model years hly shear
stress
velocity
Human activity: exist. Wind| MSP: Real Contnuo most | N/A N/A | N/A N/A
farms, maritime traffic, Maps time, usly recen
fishing,maricdture, mastal | and open, updated t data
land use, MPAIredging and| digital | free
dumping sites data
Human activities: ports and N/A N/A | N/A N/A
infrastructure for
assembling and managing
logistic operations,
aggregate extraction,
pipelines and cables
Human activities: Grid N/A N/A | N/A N/A
network for electric
transmission
Regulatory constraints Publica N/A N/A | N/A N/A
Touristic or residential tions, Not | N/A | N/A | N/A
areas ahead of wind web Availa
turbines sites ble

3.2.1 Weather and ocean data
Use of wind data

Major advantages of the offshore wind farms are significant larger wind power outputs than thbdaed
ones. The roughnesyd the water surface is very low which lesath stable and relatively strong winds over
sea surface comparing with land surface. This gives higher and more stable wind power cuphtsvind
conditions over the sea are affected by the wamduced roughness, currefduced surface drag and
surrounding topography e.g. islands and lighthouses.
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The wind shear is also low due to the low roughness which means that the wind speed does not change
much with change in the hub height of the wind turbines. This translates into a capital cost advantage in

the shorter structural towers. The wind gustiness is also an important parameter as it reflects the stability

of the winds.The wind shade effects from land at sea location is important, extending its effect to as far as

20kilometers.

In general, the tempexture difference between air and the surface is smaller at sea than at land, which
leads to the less wind turbulence at sékhis results in less fatigue loading and therefore longer design
lifetimes than landbased turbines.

For the site suitability malysis, historical wind data, including both surface and profile data, in a period
longer than 10 years and a sufficiently spatial resolution, are needed. The dail stover entire Baltic
Sea.

Use of ocearice-waves data

Water observations cover phical and chemical properties in the water environment. The most important
variables for the siting are ice, waves and currents which have large impacts on calculating the loads on the
foundation. Other variables such as temperature, salinity and chemiogkrties are needed in estimating

the life span of the turbines and assessing environtakimpacts of the wind farms.

Use of water observations in wind farm siting can be divided into two categories: the first is that the
observations are sparse henceamly used for model validation; the second is that the observations are
measured by satellites with good spatial and temporal coverage, e.g(S88TSurface Temperaturahd

sea ice, by satellites and therefore can be directly used feopuafloses, e.g extreme value analysis,
environment condition analysis, modedlidation and assimilation etc.

Data needs specifications

In general, for the site suitability analysis, historical wind data, sea ice, wave and 3D ocean data, in a
sufficiently long periochnd a sufficiently high spatiémporal resolution, are needed. The length should

0S YAYAYdzY mn &@SIENB® Hn &SENBQ RIFIGF FNBE YySSRSR AT
For the temporal resolution, hourly is the minimum. Spatial resoluttan vary from 13km. The data

should cover entire Baltic Sesspecially in coastal water regions shallower than 50m

3.2.2 Biota data

One of the important impacts of the OWF is on the marine ecosystemdOifsieore structures will create
refuge areasdr benthic speciesadult and juvenile fis decreasing mortality that magesult in positive
effects forthe high trophic level ecosystenand alsoeconomies through revenues from fisheridghey
may alsodecreaseor destroysuitable habitat for benthic @anisms that are prey for fish polations and
reduced habitat mayesult in populationdeclines of some fish species. This may introduce instability in
local food web systems. The detailed ecological impacts will be closely related to the existingcatologi
status on the site. The ecological impact assessment will need inputs from biota data.
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Biota data for wind farm siting includes the distribution of the high trophic level species (fish, birds, marine
mammals), fauna, macralgae and habitats. One mageaithese data to estimate the potential impacts of
turbines on the marine ecosystems, which can be either positive or negative. The structures may create
new habitats for native fish as protected and nursery areas but may also have negative effectswail they
eliminate suitable habitat for benthic organisms, and create new suitable substrate for settlement of
potential invasive species. These effects will eventually result in changes to the ecosystem food webs and
potentially onfisheries.

Sincethe impact assessment of OWF is out of the scof¢his DAR so the use and assessment obibea
datafor OWF are somewhat limited in the report.

3.2.3 Seabed data

Seabed characteristics are important for design and deploy OWF foundations, not only bathymetry,
substrate types but also slopes and seismic structuf@sabed sediment and substrate affect the
construction cost of the OWFs. A good site should have a hard seabed. In case of fine grain size sediments,
they may be mobilized and redistributed during tbenstruction phase. The habitat data are needed to
assess the impacts of the OWFs, as with underwater foundations, the OWFs will create new seabed habitat
while the old habitat will be degraded or destroyed.

Bathymetry and seabed slope: topography anstatice to the shore/harbor are the most important factors
to determine the investment cost of the OWFs. According to existing reseahehinvestment cost of four
RATFSNBY(G GeLlSa 2F F2dzyRIGA2y & F2N I dnildsLIA OF £ ¢ h?2

Monopile: IC2242483.33 + Z36*dshore+ 98@59*exp(0.0182*D)
Gravity Base: IC=3056887.13 + 514.34*chore

Tripod: IC=8347254.33 +G95.72*Chnore

Floating: IC56820907 + 236*dshore

Where IC is the total investment cost (in USR),ds the distance to the shore (in meter) and D is the
water depth (in meter).The formulas show that theost of the foundations increases linearly with the
distance from the shore. The cost of the monopile foundation also increases exponentially with #re wat
depth. Thenon-floating foundations normally cost between three to four million USD while the floating
foundation can cost up to six million USR.should be noted that the above formulas are very much
empirical and preliminary, which have not accoumny other factors. For example, a flat and hard seabed
can save quite some cost for the construction.

For wind farm suitability study, the seabed condition is regarded as static and spatial resolution as a size of
the typical wind farm (e.g., 7km) wilebsufficient. The coverage should be mainlytfer water depth less
than 50m.

®http://css.snre.umich.edu/css doc/CSSAA.pdf
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3.2.4 Human activity data

The impact of @shore Wind Farms on coastal areas varies across a number of thematic dimensions.
Positive impacts include their contributions to a diversified and cleaner electricity supply that can reduce
GHG emissions and to job opporttiés supporting the manufacture of wind turbine componentbe
feasible waters for OWF developmeitowever,may also already provida number of current uses, such

as for shipping lanesnarine protected areas;ultural resources like shipwrecks, commialdishing areas,

and military operation areasA database of existinguman activities in the Baltic Sea is necessary for the
OWEF siting suitability study. It is important that such a database should be updated to reflect most recent
and even omplanningactivities.

3.3 Data availability and data adequacy
The data adequacy is accessed for the fithess of using the data in windsfiamg mainlyfor siting

suitability but ecological impact assessment and -@fdctive siting also touched. Firstly the data
availability is assessed and then the adequacy is assessed against data requirement for each key variable
and assessment criterion, i.e., accessibility, completeness/coverage, resolution and precision. The
assessment of data availability is summarisetiables 3.3a and 3.3b.

3.3.1 Wind conditions

For a given location, the wind data used for determining the wind conditions consist of observations and
modeled data.These data are used to estimate statistics of potential wind power production including
stability and amount. The model data include coarser resolution analysis/reanalysis data which assimilated
available observations and downscalbédyhresolution data. The wind observations are used in both
assimilation and model validation. Due to lack osetvations, a calibrated, high quality numerical weather
model for simulating wind conditions is very importaiihe wind resource Atlas for the Baltic Sea based on
wind observations and model data have been made by some national met. Agencies (e.gndRfd$earch
centres (e.g., Risg National Laboratory in Denmark).

3.3.1.1 Wind observation data
The wind observations include Sea Surface Winds (SSW) and wind profiles0im@ters above the sea.

Sea Surface Wind

The SSWwinds at 10m heightls montored through both satellites anph-situ platforms. The satellite SSW
vectors are mainly measured by scatterometers with a spatial resolution in 12.5km and 25km and repeat
cycle of 29days. Altimeters also provide alotigick wind speed measurements withfootprint about 7

12km. These data are quality controlled, reprocessed and are freely available through major data portals of
CMEMS, CERSAT and JPL etcinTit offshore SSW is measured by VO®luntary Observation Ships)
buoys and ferry lines, wti are available from meteocean agencies and data portals of BOOS, CMEMS
and EMODNET et€he historical and near retime SSW data well cover the Baltic Sea coast, which can be
obtained from European Climate Assessment Daf{&EAR

"http://www.ecad.eu
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The best ge of the satellite SSW datatisough data assimilation in NWIRlumerical Weather Prediction)
models which can generate SSW products with similar guadisatellite winds but mch highemresolution
and coverageHence for wind farm sitingxistingsatellite SSW monitoringpntributes significantly through
data assimilation in NWP modelfuture alongirack swath altimeters will provide SSW with higher
resolution. It is recommended to maintain the current SSW monitoring activities and developigbry
resolution(e.g., 1km) wind reanalysis.

Wind profiles

The development of offshore wind energy requires accurate information on wind speeds above theesurfa

at least at the levels occupied by turbine blades. Accurate measurement of wind speed profiles aloft in the
marine boundary layer is a difficult challenge. Few measured data are available at these heights, and the
temporal and spatial behavior of neanrface winds is often unrepresentative of that at the required
heights. Offshore wind profile data are measured for existing and potential wind farm sites, but mainly
owned by wind farm companies and is limited for open access. As a consequence, numedehdata,
another potential source of information, are essentially unverified at these levels of the atmosphire.
recommended that the existing wind profile data should be open for research purposes, e.g., calibrate
operational NWP models, and monend profiles should be measured in the Baltic Sea by using existing
costeffective technology, such as sttiprn, fixed or floating platforabased DoppleLiDAR (Light Detection

and Rangingylevices Longterm data arealsoneeded for the calibration ofperational NWP modelg\s an
example, the Energy Department (DOE) in the United States recently in 2014 and 2015 deployed two
offshore AXYS WindSentinel buo®ne of the key instruments on top of the buoy is a LIDAR device that
shoots a series of lasers 650 feet into the sky and measures their reflection to characterize wind speeds at
various altitudesThe buoy also uses additidnaeteorological and oceanographic instruments that record

air and sea surface temperature, barometric pressure, relative humidity, wave height, and period, water
salinity, and subsurface ocean curten

3.3.1.2 Wind data from models

Major part of the 3Dwind and other meteorological data for wind farm siting is provided by the NWP
models, normally needed for a period longer than 10 years. The model data should be able to provide
sufficient resolution (finer than 5km for suitability analysis and tens aemsegor optimal siting) and quality

(root mean square error < 1m/s), and also correct wih@ars and boundary layer stability features. There
are currently a wide range of lostgrm model wind products for the Baltic Sea. The global reanalysis
products ae available from ERWterim (~70km resolution) and NCEP CFSR (~30km resolution). However,
both the quality and resolution of these products cannot fulfil the requirements. Several reanalysis
products in spatial resolutions ranging frorrlkm exist or a& in process of production, e.d@altAn65+by

Uni Tartu, Estonia, UERRA reanalysis COR#®6 (by DWD) and SMHI reanalysis HARIKADWAR. DMI

has produced a 13 year analysis+6h forecast hourly products in spatial resolutigskof. 'his product

has beensuccessfully used in a few Danish wind farm siting projects, as the forcing to gehgglate
resolution wave and oceatice conditions and higher resolution downscaled wind products for optimal
siting. It should be noted that that the model products shobl/e suffient horizontal resolution and
vertical layers below 200m altitudevhich arenow not the case in many reanalysis produdganalysis

with 2.5km resolution is required for Baltic Sea wian siting and the wind profiles in the lower 200m
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shauld be calibrated and verified by using observatidmgpacts from waves, currents and sea ice should be
considered in the regional analysis models.

3.3.2 Water conditions

Water conditions such as waves, currents, ice, sea level, temperature, satnityaffect the winds,
turbulence in the marine boundary layer and the loads on the turbines. For the Baltic Sea wind farm siting,
the most critical variables are waves, ice and currents. For wind farm siting stigiesolution and

quality data produt are needed, which can only be obtained by integratimesitu and satellite
observations with models. In chapter¢c6DAR for Climate change, the availability of T/S, SST and sea ice
data (both model and observations) for the Baltic Sea is describedanl.d¢owever, the data adequacy is

only assessed for their uses in climate change. The information will be used in followisgcsiolns for
assessing thétnessfor-usein wind farm siting.

3.3.2.1 Water observations

The water observations (sea levefves, currents and temperature and salinity) in Baltic Sea are produced
by agencies of operational monitoring, environmental monitoring, fishery monitoring and research
monitoring using buoys, tidal gauge stations and research vesselgl@st of the dat are accessible from

the data portals of BOOS, CMEMS, EMODNET, ICES and SeaDataMesitlaeater measurements,
although sparse, serve for the purpose of wind farm siting, partly due to the fact that the models have a
good skill in simulating the sade variables. However, currents and waves in coastal waters are
exceptional both due to lack of current measurements and challenges for modelling currents in complex
topography. It is recommended that more current observations should be made availablenddel
validation, e.g., through moored ADCP and HF radars; buoy measurements should be made available in
coastal areas with complex topography.

Surface data with high spatial resolution can be obtainethfferrybox lines for SST and sea surface sglinit
and satellitedor SST, sea ice and waves. The satellitec®&IS entire Baltic Sea for periods of more than

20 years. For SST and sea ice, via merging data from multiple satellites and objective analtsisnlong
daily gridded observations are alaile through CMEMS and national agencies e.g., BSH, DMI, FMI and
SMHI. The historical alofigack wave height data from muitiatellites have been aggregated by Ifremer
and are downloadable from CERSAT web$Sitese data can be uséalserve wind farm §ing purpose.

3.3.2.2 Water data from models

Several statof-the-art oceanice-wavebiogeochemical models have been developed and applied to
generate decadal hindcast and reanalysis time series for the Baltic Sea. In the followsersoihs we
describethe data adequacy for wind farm siting in the Baltic Sea.

Data from ocearnce models

Hydrodynamic models for the Baltic Sea inclitiBM, NEMENordic and GETM. The model products are
used for wind farm siting due to lack of observatioifiese models ha& been used for operational
forecasting and therefore have been calibrated regularly both for normal conditions and extreme events.
Through CMEMS, analysis/forecasts of oeeanare available it nautical mile (nm, ca 1,8 kmgsolution

for the past twoyears. The oceaite reanalysis is available in CMEMS with 5.5km horizontal resolution for
the period of 1982014. A 13 year hindcast of oceme conditions for the Baltic Sea in horizontal
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resolution of 1nm for the Baltic Sea and 0.5nm for the B&ltidh Sea transition waters was produced by
DMI and used in Danish wind farm siting projects. A more comprehensive summary of tHertongodel
runs for the Baltic Sea is given in Tébl (in Chapter 6)It is recommended that ocedoe reanalysis
produds with high-resolution(e.g., 1nm) should be generated for the Baltic Bgaising welkalibrated
operational models. Ae currents should be calibrated for all the f#sins and major coastal regions
against observations.

Data from wave models

Wave malels simulate wave conditions in the sea, including wave height, direction and period winitie

sea and swell, now also goe waves.Several versions of the wave climate of the Baltic Sea are
reconstructed based owave model WAM. For example, a-$2arhindcast (19572008) in 3nm horizontal
resolution was produced by TUNiKolkinaetc. 2014) with COSMO wind hindcast. Hoargethe ice was not
included. A éyear wave hindcast in 6nm resolution was produced by FMI with including seariddions
(Tuomi et al., 20111 The wind forcing used in the hindcast was FVRLAM analysis/forecast with varying
resolutions (922km). A13 year wave hindcast in 6nm resolution was produced by DMI with HIRLAM
analysis/forecast in-8km resolutions as forcing and sea ice included. It provides boundary condition for a
1nm resolution hindcast covering the Balhorth Sea transition waters {¥6E, 5360N). The 1nm
resolution wave hindcast have been used in Danish offshore wind farm siting projects.

Waves in Baltic Sea coastal waters are affected by many factors: wind forcing, ice conditions, bottom
topography, islands, shallow water and lindtdetch effects etc. Current hindcast models are mainly
calibrated for open waterskor the near shore waterst is important to take into account the specific
factors in the wave models for the hindcagtor example,hte seasonalce conditions affect tb wave
climate of the northern Baltic Sea and the farlation of the wave statisticDue to the irregular shoreline

and archipelago, the cotd areas in Northern Baltic Sea are pasheltered from the more severe wave
conditions of the open sea. Modelfy of wave conditions in thesseas requires highesolution grids with
sufficiently accurate description of bathymetry and laseh maskAdditional measures ameeded to take

into account wave refraction and depthduced wave breaking on a sgbid <ale. Above all,the
meteorologicalforcing plays a key roland production of meteorological datasets with high quality and
resolutionis essentialln recent years research progresses have been made setheeas (e.g., in Tuomi,
2014. In CMEMS, opernanal wave forecast in 1nm resolution will be freely available in 20t7s
recommended that recent progressesnave-current interactionwaveice interaction, sulgrid treatment

for sheltering effects and limited fetch impacts etc. should be takendntount in new hindcast wave
models; the hindcasted products should hhightresolution(e.g., 1nm) and be further calibrated in coastal
waters in the Baltic Sedhe wave hindcast products should be forced with reanalysis or analysis/forecast
productswith horizontal resolution minimum in 5kithe dataset should be &# available via e.g., CMEMS.

Data from biogeochemical models

Use of water chemical data in wind farm siting is mainly for environmental impact assessment. Currently
only a few biogeochmical hindcast and reanalysis data are available. A biogeochemical reanalysis for the
period of 19791999 with 5.5km resolution was produced by SMHI. The data are available on request. A
25yr (19962014) hindcast of biogeochemical variables is availalden fFP7 project OPEC web portal
http://www.marineopec.ey with a horizontal resolution of 6nm for the Baltic Sea and 1nm for the Baltic
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North Sea transition watersFor wind farm siting in the Baltic Sea, it is recmended that the
biogeochemical model products should be calibrated extensivedgiadlp in the coastal waters.

3.3.3 Biota conditions

Part of the useful biota data products can be found in HELC@M Bnd Map &wvicé (DMS. The
important bird areas ath withering bird areas are shown in Figl. The Baltic Sea benthic niag

landscape is shown in Fig23

Figure 3.1Bird areas and withering bird areirsthe Baltic Sea (HELCOM DMS)

Legend

' A R L
Figure 3.2 Benthic maine landscape in Baltic Sea (HELCOMSPM

8http://maps.helcom. fi
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The other useful biota data for wind farm siting may include spatial distribution of endathgpeeies (fish,
birds, benthic invertebrate, marine mammals etct is recommended that existing EMODNET Biodiversity
may provide a similar viewing serviceiaslELCOM Map and Data Service

3.3.4 Seabed conditions
General information and data of seabed conditions can be found in EMODNEat ldadiHELCOMDMS.
Figure 33 displays the seabed sediment polygon and seabed slope from the HELCOM Service.

Figure 34 is the habitat type based on EUNIEL5. One can also zoom in to see detailedihieatures (as
shown in Fig. 5).

Legend

Biodive

Vinius
Non-photi nd .

Il Fho I - A &

Figure 3.3Seabed sediment polygon (left) and seabed slope (right) in Baltic Sea
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Habitat maps (EUNIS-based)

Baltic Sea (draft, 2015)

M A3.4: Battic exposed Infralittoral rocks

M A3.5: Baltic moderately exposed Infralittoral rocks

M A3 6: Baltic shettered infralittoral rocks

M A4 4: Battic exposed circalittoral rocks

M A4 5: Baltic moderately exposed circaltoral rocks

I A4 6: Battic shettered circalittoral rocks

B A5.13: Infralitoral coarse sediment

B A5.14: Circalttoral coarse sediment

W A5.15: Deep circalttoral coarse sediment

I A5.23: Infralittoral fine sand or A5.24: Infralittoral muddy st
AS5.25: Circalittoral fine sand or AS.26: Circalittoral muddy § u
AS5.27: Deep circaltttoral sand

W A5.33: Infralittoral sandy mud

B A5.34: Infralitoral fine mud

W A5.34: Infralittoral fine mud or A5.33: Infralittoral sandy muss
A5 35: Circalittoral sandy mud

W A5 36: Circalttoral fine mud
AS5.36: Circalittoral fine mud or AS.35: Circalittoral sandy
AS5.37: Deep circalittoral mud

W A5 43: Infralittoral mixed sediments
AS 44: Circalittoral mixed sediments
A5 45: Deep circalittoral mixed sediments

M Infralittoral seabed

M Circalittoral Seabed

W Deep Circalittoral Seabed

M Deep Circalittoral rocks

Figure 3.4Baltic Sea habitat map from EMODNET Habitat
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Bathymetry and seabed slopehd@ best public available bathymetry can be obtained from BSHC (The Baltic
Sea Hydrographic Commisn) and EMODNEWhich are basically the same. The BSHC has produced a
Baltic Sea Bathymetry Database (BSBD) based national contribution of gridded bathymetry data from 50m
500m resolution covering their EEZ and territorial waters. For Russiahitm@nian waters, GEBCO _08
1minute resolution data were used. The newest version is v09.3. The BSBD website provides a dynamic
GLR A5RIRYKE ASNBAOS® 9ah5b9¢ RIFEGI A& olFaSR 2y . {.
from other resourceskor sitirg suitability study for a typical wind farm in a diameter of a few kilometers,

the BSBD data should be sufficient to provide a baseline reference except for Rusdishzemianwaters.

The seabed slope data are a product from BALANCE prtjéstsuggsted that the seabed slope data
should be derived from the original bathymetry data rather than publicly available bathymetry as they have
lower resolution than the original ones.

Existing seabed data and information can only provide a general guidantteefseabed related issues in
OWEF siting. The detailed data have to be obtained throughpot measurements for optimal siting.

" ' ——
Figure 3.5Enlarged habitat maps in western Baltic Sea reveals more details

<

For Baltic Sea wind farm sitingj$ recommended to enrictexistingbathymetry database with new data,
especially in eastern Baltic Sea, and to develop new seabed slope products, in a similar way of generating
the bathymetry databaseThe current resolution of the bathymetry data (500m) shouldim&eased to
100-200m.

3.3.5 Human activities

The human activity data in the Baltic Sea can be obtained from web portals of HHRKZSMnNd
EMODNET Human activity theme. The two databases are mostly ovatlappsome differences should

be noted. For exaple, Fig. 3.7 displays part of the human activity data from HELBRBL The cables and
pipelines are not from the same dataset as in EMODNET (Fig. 3.8). HELCOM has more detailed fish catch
maps than EMODNET, which is important for assessing the economacts of the OWFs. The spatial
distribution of commercial fish catch was given in Fig. 1.9. HELCOM also has more data for MPAs by adding
UNESCO heritage sites and fish closure sites, ship lane statistics are also available from the BNEECOM
(figures notshown here).
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Figure 3.6Baltic Sea bathymetry based on BSBD, boundaries of EEZ and territorial waters

0 Baltic Sea data and map service eZ@d @
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Figure 3.7 Part of the human—activities shown in HELGDMS
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Figure 3.9. Spatial distribution of commerai fish catch in the Baltic Sea
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The electricity transmission grid
in the Baltic Sea Region 2007

/\/ National boundaries Barents Sea
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Figure 3.10. A Baltic Sea grid network ntagrdregiq 2007)

Some human activity data needed are not available from HELCOM or EMODNET, e.g., electricity grid
network in the Baltic Sea, regulatory documents and cost of different type of foundations which are in
general hold by national agencies or wind farm conipa. A Baltic Sea grid network map was made by
Nordregid in Sweden but for 2007 (Fig. 3.10).

3.4 Conclusions and recommendations
In this dhapter, marine data usage, requirement and adequacy are investigated fofitttessfor-usein

wind farm sitingMajor focus is on the application in site suitability assessment, which is part of the BSCP
demonstration. The application of environmental and ecological assessment and optimagffaaent)

siting design are of the wind farm siting but out of the scopehe project. Therefore they are touched
mainly in the level of data availability rather than the adequacy assessment.

Major findings are summarised in Tables 3.4a and 3Major data gaps are identified as follows:

1. Offshore wind profile measurements the boundary layer up to the hub height (150m) are not

sufficiently monitored and shared.

Coastal currents are not sufficiently monitored and shared.

3. Quality of modelled wind and current in the shallow coastal region needs to be improved

4. Human activitydata e.g., navigation (AlS), grid network and national regulations in related to wind
farm siting should be made available and shared

N

%nttp://www.nordregio.se/en/Maps/05Environmeniand-energy/Energstransmissiorgric-in-the-BSR
2007/
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Recommendations for filling the above data gaps:

1.

2.

3.

4.

A detailed optimal design of offshore winds (profile) and currents monitoring array is needed, to
select minimum number of optimal locations as validation stations fatier and ocean models.

To cdevelop highresolution weather and oceafice assimilation andreanalysis(>30years)to
improve thequality of coastal wind and current product.

To enrich existing bathymetry database with new data, especially in ea®dtic Sea, and to
developseabed slope ducts with higher resolution and quality.

Toextend EMODNET Human activitycover necessary dat@.g., cables and pipelines, AIS etc.)
for wind farm siting

Followingnotificationsare made when using the abovesults and recommendations:

1.

There are two levels of data use in wind farm siting: one is for site suitability study and the other
for detailed site design and impact assessmditite former is an area where community data can
largely benefit. For the lagtr, specific local monitoring and modelling are required, which are
services performed by private companies. Use of data in this report is mainly limited in the first
level.

Data adequacy also depends on the stafdhe-art of modelling and data assimilanh. Products
based on irsitu -satellitemodel integration are frequently used. When the integration methods
reach sufficient quality, major use of the-situ observations becomes validation and assimilation
rather than generating final products. Thisllvsignificantly reduce the number of-gitu stations
required.

Climate change may alter local wind resources significantly. Wind resource data with reliable
statistics and error bar estimates for the future climate (in 20years) should be considered as
necessary for the wind farm siting
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Table 3.3a. Data availabilify 2 Wihddfarm siting

Date: 2016.9.15

Variable Data Accessibility Compleeness Resolution Precision
type / coverage
Delivery Spati | Temp Hor. Ver. Temp.
type/time al oral
Wwind In-situ Restricted, on Baltic | 1960 | Sparse A few Houldy | 0.1m/s
profiles | (private/ | request, in Sea | now | points heights
institutio | monthsyears up to
nal data) 130m
Model On request or 2003 | 3-5km User 1-1.5m/s
(DMI) open, free, in now specified
Winds at | In-situ monthsyears 1900 | Sparse N/A 0.1m/s
10m (ECAD, points
GTS)
Satellite 1993 | 7-25km 1m/s
RAN/ 1980 | 3-5km 1-2m/s
HC* now
Tair Pir | IN-Situ Baltic | 1960 | Sparse User Tar 0.1°C
RH, Sea now points specified P.ir: 0.15hPa RH: 39
Cloudine | RAN/HC Baltic | 1980 | 3.5km Tar <12°C
Ss Sea now P.ir :<0.5hPa
RH: <30%
Currents | In-situ Bdtic | 1990 | <10 1-2m Hourly | <0.1m/s
(BOOS, Sea | now | stations
T/S MARNET 1960 | 10°° Hourly | T: <0.1C
EMODNE now | stations daily S: <0.1psu
Sea level| T) 1900 | 15100 N/A 1060 | <lcm
now | stations min.
Currents | DMI HC | On request Baltic | 2003 | 0.51nm 1-3min | Hourly- | Current speed: 0-1
, T/S, sea Sea now upper monthl | 0.3m/s,
level 50m y Sea level: 20cm
CMEMS | open, free 1989 | 5.5km Salinity: 0.51
RAN 2014 Temperature 1°C
Waves In-situ On request, in Baltic | 1990 | <10 N/A Hourly | Hs: 0.01m Eriod:
monthsyears Sea | now | stations 0.1s
Satellite | open, free, in 1993 | 7km along Instant | Hs: <0.1m
monthsyears now | track
Model On request Baltic | 6-40y | 1-10km Hourly | Hs:0.30.5m
HC Sea Tp: 23s
Tm: 12s
Sea Ice: | Satellite | open, free Baltic | 1979 | 1-3km N/A Daily Goncentration 10%
Sea Thickness: <45cm
Model 1989 | 2-6km hourly | Drift: 40% to 80%
Nutrient | In-situ Internet access, 1980 | >100 4-24 N&P: 0.1mmol/ni
s (N&P), | (ICES) delayed by 11.5y stations times/ly | Chla: 0.1mg|/m3
Chla DQ 0.1 ml/l
Dissolve | CMEMS | Internet access, 1979 | 5.5km Multiple | Hourly | N&P: 2 mmol/ni
d oxygen | RAN delayed by 1.5y 1999 monthl | Chta: 1mg/ ni
(DO) OPEC H(Q Internet access 199G | 6nm Multiple |y DO:0.2ml/l
2013

*RAN: reanalysis; HC: hindcast
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Table 3.3b. Data availability 2 Wihddfarm siting

Date: 2016.9.15

Variable Data type Accessibility Completeness Resolution Precisio
/ coverage n
Deliver | Deliver | Spati | Temp | Hor. Ver. | Temp
ytype | ytime al oral
Birds/marine mammals/fish| In-situ On request or Baltic | N/A N/A
Habitats abundance, (ICES/ open, free Sea
biomass, formations, HELCOM, | delayed in
angiospermmacro alge, EMODNET]| monthsyears
interverbrate,bottom fauna
Bathymetry BSBD Internet N/A 500m | N/A N/A 10°'m
National Restricted <50 N/A N/A Im
data 100m
Substrate, sedimes EMODNET]| Internet Unav | N/A N/A 0.01m/
lithology, coastline ailabl m sea
evolution, sea bed slope e bed
slope
Sea bed habitats In-situ Internet N/A N/A N/A N/A Unkno
HELCOM wn
Energy at sea bed Model On request, >10yr | 5km N/A Mont | 0.001m
delayed in hly Is
monthsyears shear
stress
velocity
Human activity: exist. Wind| EMODNET| Open, free, most | N/A N/A N/A N/A
farms, maritime traffic, HELCOM | Conthuously recen
fishing, mariculture, coastal updated t data
land use, MPA dredging an
dumping sites
Human activities: ports and N/A N/A N/A N/A
infrastructure for
assembling and managing
logistic operations,
aggregate extraction,
pipelines and cables
Human activities: Grid N/A N/A N/A N/A
network for electric
transmission
Regulatory constraist Publication N/A N/A N/A N/A
Touristic or residential s, web Not N/A | N/A N/A
areas ahead of wind sites Availa
turbines ble
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Date: 2016.9.15

Table 3.4.5 | I RS il férd siti NJ a
Variable Data Accessibility Completeness/ coverage Resolution Precison
type Delivery Spatial Hor/Ver./Temp
type/time Temporal
Wind profiles | In-situ Existing data More new data are needed. | Lack of offshore| FFU*
should be more | Time series over sea are wind profile Observed and
open to research | sparse and too short on hub | measurements | modelled
height (100m130m) winds are
Model Post processing | Current data are adequate fo| Reanalysis roughly of the
should make wind extreme estimation up to 50y| needs higher same quality.
profile data return period.Longer time spatial
available series are needeftbr 100yr resolution
return periods.
Air In-situ FFU More data are needed. Time | FFU FFU
Temperature, | (ECAD, series are sparse over sea .
Air Pressure, | GTS)
humidity, Model FFU FFU FFU FFU
Cloudiness data
Currents In-situ Data should be Point observations are rather sparse. Most of th FFU
EMODNE| more open. offshore data is available from cruises (delay ti
T, Natl. FasterQCand for quality control) Fester data provisions
data data provision is | recommendable
centres | recommendable
T/S EMODNE| FFU FFU FFU FFU
Sea level T, BOOS ["Fry More stations needed in FFU FFU
Poland and Lithuanian cost
Currents, T/S,| Model FFU FFU Hindcastand operationaproducts with FFU but more
sea level data adequate spatial and temporal resolah are validation/assi
available; reanalysis products feature a lower | milation
resolution, which makes them lesgitble for neededfor
wind farm sighting coastal waters
Wavesspectr | In-situ , FFU Somelong time series agt; point observations | FFU
a, Hs/periods, | satellite, are sparse in space and tinldore observations
Max. Wave model neededin shallav waters. Satellite data have
height good spatial/temporal coverage
Sea Ice: Model, FFU for ice Digital maps from CMEMS are available from | FFUbut
thickness, satelite | concentration. 2010 onwards. Ice charts go back a longer timg model data
strength, flow Reprocessed sea| but are often not digitalized. Model data have | needs more
size, extend, ice thickness is coverageand resolution hat areadequate for validation and
occurrence needed. No floe | normal statistics and extreme statistics. quality
size data improvement.
Nutrients, In-situ The required time| Time series of adequate length are available at Modelquality
chlorophyltA, | Model for making some buoy positions and ship cruise stations. | isinadequate
oxygen observations Model data from reanalysis, hindcast and for
available is with | operational products are freely accessible. assessment,

lyrto 1.5yro
long. Recent data
should be
available in

months.

Observations need nmre coverage in space and
time. The resolution of mdel data products is
adequate.Observations of ecosystem variables
are still point data and can onhe used for local

assessments.

but still useful
for long term
and large
scale studies.

*FFUq Fit-for-the-use
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Table 3.4. Data ad§ dzI O @&

F2NJ G2AYR FIENY airday3aé

Date: 2016.9.15

Variable Data Accessibility Completeness/ Resolution Precision
type coverage
Delivery Spatial Hor/Ver./Temp.
type/time Temporal
Birds/mariné ma- In-situ FFU Not Assessable for this report FFU for site
mmalgfish, habitats suitability
abundance, lomass, but not for
formations, ecological
angiosperm, macro impact
algae, interverbrate assessment
and bottom fauna
Bathymetry Interpola | FFU Openly | The coverage with | The spatial resolution | FFU for site
ted available for | highresolutiondata | is adequate for Baltic | suitability
BSHC/EMODN is adequate, except | Seawide large scale except for
ET but for Russian and studies. Local studies | Russian and
restricted Lithuanian waters, need higher resolution| Lithuanian
access for where an update data that is often not | waters
national data | with original data is | freely available from
needed. national data centers.
Substrate, Interpola | FFU. Openly | Not Assessable for | Not Assessable for this Improved
sediments/lithology, | ted data | available this report report Seabed
coastline evolution, slope
seabed slope needed
Energy at the sea In-situ FFU. Not Assessable for | Not Assessable for thig Not
bed model this report report Asgssable
Exist. Wind farms, MSP, Open data More cables/pipeline| N/A Need
maritime traffic, , Maps, access /land station data in updated
fishing mariculture, | digital EMODNET; more fisk information,
coastal land use, data maps, ship lane e.g., forfsh
MPA, dredging and | from coastal land data in catch spatial
dumping sites web sites HELCOM distribution.
Ports, infrastructure Open data Completeness of the data set is restricted by | Not
for assembling and access the access to new and local data. Assessable
managing logistic EMODNET More port information needed: e.gport depth | for this
operations, http://www.w | for assembling the turbines, logistical access| report
aggregate extraction orldportsourc | large am heavy items, towing capacity
pipelines and cables e.com/
Human activities: Nordregio The Baltic Sea grid| Not Assessable for this
Grid network for web site; map was made for | report
electric transmission EMODNET 2007. An updated
portal map is needed.
Regulatory Publicati | Not available | This information is | This information is This
constraints ons, web lacked lacked information
sides is lacked
Touristic or EMODNE]| Partly EMODNETProvides | N/A N/A
residential areas T, adequate bathing water
ahead of wind Publicati quality; HELCOM
turbines ons, web has land
sides information.
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4 Data adequacy for marine protected areas
4.1 Introduction

The objectives of MPMarine Protected AregChallenge in BSCP are to analyse the existing network of
GKS . ITfGA0 $HBWSGt DA My OQIGSI2NASE 2F at! Qa | OC
representativeness and coherence of the network according to Article 13 in the Marine Strategy
Framework Directive; and 3) effects of climate change on the network.

Task 1. Classtiit A2y 2F at! Qa | OO0O2NRAYy3 G2 L'/ b oLYyGSNY
categories.The IUCN protected area categories are a global framevarklassifyingprotected are

according tomanagement typesnd conservation targets his frameworldefines 7 classes of protection

IA Strict Nature Reserve; IB Wilderness Area; Il. National Park; I1ll. Natural Monument; IV. Habitat/Species
Management; V. Protected Landscape / SeascapePMlected Area with Sustainable Use of Natural
ResourcgDudley 2008) The IUCN categoriegere usedfor classification of the Biéc MPAs by HELCOM

(2013) withnewly published guidelinePgyet al., 2012)Table 4.1)

Task 2. Coherencef the network according to Article 13 in the Marine Strategy Framework Directive
Article 13 of the Marine Strategy Framework Directive (MSFD) is related to the Programs of Measures
0t2aQavy oKAOK aSYOSNI {dFdiSa akKz2dZ R ARSYyGATFe Ay
relevant marine waters. According to MSFD, PoM of MemS8tates shall include spatial protection
measures, contributing to coherent and representatM@A network, adequately covering the diversity of

the constituent ecosystems considered by Habitats Directive, Birds Directive and other regional and
international agreements Coherence of the network has been typically assessed by four measures:
representativenessreplication and connectivity of sites/features, as well as adequRepresentativeness
evaluates presence of conservation features (e.g. protesieecies, habitat types) in the MPA network.
Replication evaluates the number of MPAs which include selected conservation feature. Connectivity
evaluates the linkage between the MPAs based on number of MPAs connected by certain distance (e.g. 50
km). Adequay evaluates whether the individual MPAs are adequate in terms of protection level or size of
AYRAGARdIZ £ at! Qad 060aSt SOGSR (KNXakKz2f R S&ARAthoughrs A&
replication and adequacy were assessed applying simple noahdhiresholds for the area or number of
similar sitesrepresentativenesand connectivity aspects are more complex. Information on environmental
heterogeneity (diversity of habitats set by bathymetry, salinity and substrate) serve background
information in assessment of physical features covered by MPA networkrépeesentativeness In the
Challenge these layers will be primarily used to assess the distribution of planned management measures
across ecologically relevant depth ranges, substrate typessalinity classes, and by this estimate their
contribution to increased coverage of protected features. If programs of measures will target concrete
species and habitats, then coherence parameters should be explored in a context of their distribution
patterns.
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Date: 2016.9.15

Table4.1 Definitions and objectivesf MPA according to IUCN classification (from Day et al., 2012).

Category | Name of Primary objective of MPA Definition of category

code category

1A Strict To conserve regionally, nationally or | Strictly protected area set aside to protect
Nature globally outstanding ecosystems, biodiversity and also possibly geological/
Reserve species (occurrences or aggregationy geomorphological features, where human

and/ or geodiversity features: these | visitation, use and impacts are strictly controlle
attributes will have been formed mos{ and limited to ensure protection of the

or entirely by norhuman forces and | conservation values. Such proted area can

will be degraded or destroyed when | serve as indispensable reference area for scief
subjected to all but very light human | research and monitoring.

impact.

1B Wilderness| To protect the longerm ecological Usually large unmodified or slightly modified

Area integrity of natural areas that are areas, retaining their natural character and
undisturbed by significant human influence, without permaent or significant
activity, free of modern infrastruater | human habitation, which are protected and
and where natural forces and procesy managed so as to preserve their natural condit
predominate, so that current and futu
generations have the opportunity to
experience such areas.

Il National To protect natural biodiversity along | Large natural or near natural area set aside to

Park with its underlying ecological structurg¢ protect largescale ecological processes, along
and supporting environmental with the complement of species and ecosysten
processes, and fwromote education | characteristic of the area, which also provide a
and recreation. foundation for environmentallgnd culturally
compatible spiritual, scientific, educational,
recreational and visitor opportunities.

1] Natural To protect specific outstanding naturg Protected area set asitb protect a specific
Monument | features and their associated natural monument, which can be a landform, s¢
or Feature | biodiversity and habitats. mount, submarine caverns, geological feature

such as a caves or even a living feature such a
ancient grove. They are generally quite small
protected areas and often have high visialue

v Habitat / To maintain, conserve, and restore | Protected area aims to protect particular specie
Species species and habitats or habitats and management reflects this priorit
Manageme Many category |V protected areas will need
nt Area regular,active interventions to address the

requirements of particular species or to maintai
habitats, but this is not a requirement of the
category.

\% Protected | To protect and sustain important Protected areas where the interaction of peoplg
Landscape| landscapes/ seascapes and the and nature over time has produced an area of
/ Seascape| associated natarconservation and distinct character with significant ecological,

other values created by interactions | biological, cultural and scenic value: and wherg

with humans through traditional safeguarding the integrity of this interaction is

management practices. vital to protecting and sustaining the area and i
associated nature conservation and other valug

Vi Protected | To protect natural ecosystems and ug Protected area conserves ecosystems and hah
area with | natural resources sustainably, when | together with associated cultural values and
sustainable| conservation and sustainable use car traditional natural resouecmanagement systems
use of mutually beneficial. It is generally large, with most of the area in
natural natural condition, where a proportion is under
resources sustainable natural resource management and

where lowlevel non industrial use of natural
resources compatible with nature conservation
seen as one of the main aims of the area.
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Task 3. Assessment of climate change effects on the MPA netwarlalysis of limate changeeffects in

the Baltic Sea typically addresses changes in temperature, water level and salinity. In the MPA Challenge
this task will be based on comparison of current background environmental conditions (salinity, ice cover,
transparency) with available data on their historical records and/or future projections. Only those
environmental layers, which have tight relation téstribution of protected species and habitats will be
utilized. Such comparison should provide insights on spatial changes of conservation features, which have
been observed or should be expected in connection to the climate change effects.

Mechanisms of lanate change effects acting on biodiversity through salinity, temperature and sea level

rise have been described in Dahl et al. (2012) addressing well known, functionally important and/or
commercially important speciesge example in Fig.1). Althoughmany of these species are not targeted

by MPA network directly, the approach itself illustrates well the algorithm for the testing climate change

effects on spatial distribution of nature conservation features addressed by the Challenge

A

Baltic tellin

F ounder

Idotea baltica
(isopod crustacean)
Common jellyfish

= i r rack

Blue mussel

Comlmon sr;rimp

Sand gaper

Sea lace
)ead man's rope
x x

Shore crab

8 \‘_f_’_/———— Common periwinkle

Northern red anemone

Figure 4.1 Exampe of the longterm surface salinity change (according to Meier et al., 2011) effects on
distribution of selected marine species (boundaries redrawn from Bonsdorff, 2006).

4.2 Data usage and data requirement

Use of data for thehree applicationtasks describd in section 4.1 is summarized in Table. D2ata
requirements according to the three MPA Challenge tasks are listed ifdbk4.3. Datasetson MPA
boundaries, bathymetry and salinity will be needed as background layers for more than one Challenge task
Since physical layers are either modelled or merge various datasets of different origin and resolutions, in
many cases there are no specific requirements for spatial resolution of environmental datasets (bathymetry,
water transparency, ice cover, saliit As long as these layers are technically compatible, e.g. resolution of
the modelled photic depth is meaningful in the areas of complex coastlines with relatively steep slopes (e.g.
Archipelagos), their use can provide useful results.
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I A X2 4 A x

Table 4.2 Dataauil 3S Ay dal NAYS t NEPGSOGSR ! NBI aé

Variable Data type Usage

MPA boundaries Coordinatesoflegal | F a3AAFAOlI GA2Yy 2F at! Q
boundaries categoriesdistribution and intensity of

management measures contributing to ecologica
coherence criteriamf MPA networkextent of
climate change effects in the existing MPA netwt

IUCN categories for MPA

Derived from
conservation targets
and management

G FraairTAOLGAZY 2F at! Q
categories

measures

Member States MSFD report{ Documents Distribution and intensity of management

on Programs omeasures measures contributing to ecological coherence
criteria of MPA network

Substrate In-situ Distribution and intensity of management
measures contributing to ecological coherence
criteria of MPA nework

Bathymetryl Interpolated Distribution and intensity of management
measures contributing to ecological coherence
criteria of MPA network

Bathymetry2 Interpolated Effectsof longterm changes in Secchi depth

distribution of vegetation and seleate
phytobenthos species in existing MPA network

Distribution of threatened
HELCOM Red List species

In-situ Obs., Model

Distribution and intensity of management
measures contributing to ecological coherence
criteria of MPA networkextent of climate change
effects in the existing MPA network

Distribution of Bird Directive | In-situ Obs. Distribution and intensity of management

and Habitat Directive specieg Model measures contributing to ecological coherence
Distribution of Habitat In-situ Obs. criteria of MPA networkextent of climate change
Directive Annex | Habitats Model effects in the existing MPA network

Salinity In-situ , Model Extent of longterm salinity effects in distribution
Salinity trend/forecast In-situ , Model of threatened species
Average/maximum/minimum | In-situ Obs. Effectsof long-term changes in ice coven

ice cover OR Duration of ice distribution of selectedird Directive and Habitat
cover OR Average end date ( Directive species

the ice cover season

Historic/future average / Model

maximum / minimum ice

cover OR Duration of ice

cover OR End date of the ice

cover season

Secchi depth In-situ , Model Effectsof long-term changes in Secchi depdin
Secchi depth trend/forecast | In-situ , Model distribution of vegetation and selected

phytobenthos species in existing MPA netiwo
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Table 4.5 | I NBIljdZANBYSyia FT2NJ dalNAyS t NBGSOGSR
Variable Data Accessibility Completeness/ Resolution Precision
type coverage
Deliver | Delivery | Spatial | Temporal Hor. Ver. | Temp.
y type time
MPA pundaries | Legal Open Online Entire | Designated| Varying| N/A N/A N/A
bounda Baltic | till 2016
ries
IUCN categories | Derived Entire | Current N/A N/A N/A N/A
Baltic
MSFDPrograms | Legal All Till 2020 N/A N/A N/A N/A
of measures docum Memb
ent er
States
Badtom Model Online, Entire | N/A N/A N/A N/A .N/A
sediment ready for | Baltic
delivery
Bathymetry1 Model Entire | N/A 500m N/A N/A Im
Baltic
Bathymetry2 Model Entire | N/A 250m N/A N/A 0.1m
Baltic
Distribution of Model Ready Entire | 2003 N/A N/A N/A N/A
threatened for Baltic onwards
HELCOM Red Lig delivery
species
Distribution of Model Entire | 2003 N/A N/A N/A
Bird Directive and Baltic onwards
Habitat Directive
species
Distribution of Model Entire | 2003 N/A N/A N/A
Habitat Directive Baltic onwards
Annex | Habitats
Salinity Model Entire | >10 years N/A N/A 1 psu
Baltic average
Salinity Model Entire | 50-100 N/A N/A 1 psu
trend/forecast Baltic years
Ice cover Model Entire | >10 years N/A | N/A 1 knf
Baltic (average,
min. max.)
Ice Model Entire | 50-100 N/A | N/A 1 knf
cover/forecast Baltic | years
Secchi depth | Model Entire | >10 years N/A | N/A 0.1m
Baltic (average,
min, max.)
Secchi depth | Model Entire | 50-100 N/A | N/A 0.1m
trend/forecast Baltic | years

In contrast tophysical and administraté layers, resolution of protected features (species and habitat types)
is directly linked to the interpretation of results. Since the size of the smallest MPA is ?).arikhthere are
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a number of sites smaller than 10 &nit is obvious that existing datlayers of protected features will not

be compatible with size of conservation zones at the whole Baltic scale. On the other hand, minimum
resolution may highly vary among features being high for rare/small scale features and relatively low for
large andwidespread features. Although numerical information on the amount of feature (abundance,
density, etc.) would be preferable for the species, presence/absence data within MPA and Baltic wide
distribution will fulfil a minimum requirement for coherence asseent. For analysis of the habitat types,
their Baltic wide distribution would ideally fit for analysis of the Challenge tasks. Distribution of the habitat
type within individual MPA is minimum information needed to proceed with analysis on contribution of
management measures to the MPA network coherence.

4.3 Data availability and data adequacy

The data adequacy the MPA Challenge is assessedsidering the most relevant data sources for
implementation of the tasks. All variables are grouped into threeselsts

i) physical variables (salinity, bathymetry, sea level, sediment, water transparency, including
impact of climate change on these variables)

ii) conservation features (Reldist threatened species, Habitat Directive species and habitat types,
Bird Directivespecies)

iii) administrative data (MPA boundaries, conservation measures of countries accordirayitteM

Strategy Framework DirectivArticle 13)

For each variable group data availability is investigated first and the adequacy to fit for the use in
implementtion of Challenge tasks is then assessed agahestdata requirements in Tab. 4.31ajor
findings are summarised in Tabs. 4.4 and #Spectively.

4.3.1 Administrative data

The administrative data includes MPA boundaries, conservation measures of countediag to Art. 13,

MSFD. HELCOM database MPA data laymtiainsboundary information orall 173 sites designated in the

Baltic SedFig. 4.2. Out of them, 61 sites are purely marine and 112 sites occupy both marine and

terrestrial parts. Most of the t@s (163) are assigned to NATURA 2000 network, therefore primarily linked

to the species and habitat types specified by Habitat and Bird Directives. Species and habitat types
O2yaARSNBR T2NJLINRPGSOGA2Y o0& at! REAABFELNTRIROI 2 Na
within MPA are provided. However data on species absence are not available (dataset considered as
providing presence only and not presence/absence data).
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Figure 4.2MPA boundary layer (left) and number of IUCN categories ass$ignthe individual sites (right)
(source: HELCOM MPA map service, 2016).

HELCOM database layer on IUCN classification contains 208 records of IUCN categories assigned to 174
MPA.Altogether, more than one IUCN category was assigtesites, out of them 3 sites have more than

four IUCN categories. On the other hand, 29 sites do not have assigned IUCN categories and these will need
to be examined screening additional information sources. The major difficulty to define IUCN category for
most of these indiRdzF f at! Qad A& NBAGNAOGSR FO0OO0Saa G2 GKS f
plans, where detailed description of conservation targets and/or conservation measures can be found.
Nevertheless, both data layers on MPA boundaries and IUCN categoriesasegaod background for

further analysis of MPA network.

Assessment of the distribution of planned management measures under MSFD Article 13 is highly
dependent on the level of details. Although Programs of measures developed by all Member States contain
measures relevant to MPA network, the level of details provided in the description of these measures is far
from sufficient for assessment of their contribution to the network coherence. These measures can be
classified into three categories: i) extensidnMPA network; ii) development/update of management plans;

iii) development of specific management measures (management plans for selected species; measures to
mitigate critical pressures etc.). None of these measures are georeferenced and therefordigtrdiution

will remain unknown (except for discrimination between EEZ and territorial waters) until certain phase of
measure implementation will be reached (e.g. inventory and assessment of offshore sites for MPA
designation is completed). Developmentmfnagement plans and specific measures are also very broad
and cannot be assessed in terms of intensity, to which they will contribute to the MPA network coherence.
Summarising above, the level of detail provided in the Programs of measures is inadiuegsessment

of their contribution to any of four coherence criteria of the MPA network.
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Table4 s GF T @FAflIoAfAGE FT2NJ dal NAYS t NPGSOGSR
Variable Data Accessi Completeness/ Resolution Precision Data
type bility coverage provider
Delivery Spatial | Temporal | Hor./Ver./Temp
typeltime
MPA boundaries | Legal Open, Entire -2015 N/A N/A HELCOM
boundari | online Baltic MPADB
es -2016 N/A N/A Natura 2000
database
IUCN categories | Derived 2013 N/A Category | HELCOM
MPADB
MSFDPrograms of | Legal All Till 2020 N/A N/A Websites of
measures doaumen member MS MoE
t states
Substrate Model Open, Entire N/A bottom HELCOM
online, Baltic sediment five DMS
ready for classes
Bathymetry Gridded | delivery N/A H: 0.5 km 1m HELCOM
DSM, BSBD
Bathymetry Gridded N/A H: 1/8 min 1m EMODNET
Distribution of Model Open, 2003 N/A presence | HELCOM
threatened ready for onwards MPADB
HELCOM Red List delivery HELCOM
species DMS
Distribution of Bird | In-situ 2003 N/A presence | HELCOM
Dir. and Habitat Obs. onwards MPA
Dir. Species database
Distribution of Bird | Model On request 20072009 | H: 1.235 km Birds/km | Skov et al.,
Directivespecies 2 2011
Distribution of Model Open, Entire 2003 H: Per MPA Presence| HELCOM
Habitat Dir. Annex ready for | Baltic onwards in MPA | MPADB
Habitats delivery
Salinity In-situ N/A A few hundred | 0.1 psu | EMODNET
stations; 424
profiles/yr
Salinity*, ice Model Open or 19602100 | H: 6nm Varying | CMBJS,
cover* (RAN/ HC, On request V: multilevels SMHI, DMI,
scenario runs) T: hourly FMI
Ice cover, historical In-situ Open 1719now | Annual N/A FMI,
Obs. HELCOM
DMS
Photosynthetically | In-situ N/A N/A N/A EU Sea Map
ActiveRadi ation 2016/
at seabed EMODNET
Secchi depth In-situ 1980;1998 | N/A 0.1m HELCOM
DMS
Secchi depth Model On request| Entire 1978;2007 | N/A 0.1m Meier et al.
scenario runs Baltic 20692098 2012

*Details in Tab. 6.5
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4.3.2 Physical variables
Salinity

Salinity is one of the main factors shaping biodiversity of the Baltic Sea and therefore ahpiitance

for coherence assessment of MPA network and climate change effects on protection of species. There is a
relatively dense network of coastal stations and also offshore oceanographic platforms providing
operational salinitydata, however due to igh spatidgemporal variability of the parameter most of these

data are used for small scale shtetm studies and validation of modelled salinity results. Modelled
salinity layers are typically used for assessments or studies focused on larger spadigl(swd. the
regional assessments of MPA network and habitat suitability studies) due to full coverage of the Baltic Sea.
There are several datasets of modelled salinity values covering the whole Baltic Sea. Mean annual bottom
salinity modelled by BALAECproject AFHamdani, Reker, 2007see Fig. 4.3 left) is divided in®
categories covering oligohaline (<57% psu), mesohaline (%HL, 1218 psu), polyhaline (£80 psu) and
euhaline (>30 psu) salinity intervals. Although these categories havelearyecological explanations (Cod

and marine algae reproduction limits, etc.), salinity resolution is obviously too coarse for the Challenge
tasks.EMODNET also provides modelled average salinity (for yearZZi) data layer at a resolution of
approx.5.5 km. This salinity information satisfies minimum adequacy requirements for implementation of
Tasks 1 and 2, but precision of the parameter can limit Task 3 implementation in cases were very detailed
information is neededHighresolutionmonthly means bthe Baltic Sea salinity distributions for the period

from 1989 to 2014 are available from HIROMB model through COPERNICUS platform. Potentially, these 25
years data are the most precise readily available information on salinity fluctuations, howevtrefor
Challenge purposes integration of data would be needed.

Climate driven salinity changes have been simuléted 9612099 with three models (Meier et al., 2012):

the BAltic sea Londerm largeScale Eutrophication Model (BALTSEM), the Ecological mak@dzean

Model (ERGOM) and the Swedish Coastal and Ocean Biogeochemical model coupled to the Rossby Centre
Ocean circulation model (REXZOBI). The ERGOM and {SCOBI are thregimensional circulation

models with uniformly high horizontal resolution of6é5and 3.7 km, respectively, while BALTSEM resolves

the Baltic Sea spatially in 13 dynamically interconnected and horizontally integratdohsins with high

vertical resolution.Simulations were based ixhourly atmospheriand monthly river NJzy @ai from

four climate projectionswith the time steps ofl50 s- 3 hours. This dataset fully fits for purpose of the
Challenge to analyse climate change effects on MPA network.
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Figure 4.3Modelled bottom salinity(psu) (From: AkHamdani, Reker, 200 Daa source: NERI/Denmark
(left) and pojected annual mean ensemble average bettom salinity change (in g Ky(right) from 1978;
2007 to 20692098 (from Meier et al. 20)Zright).

Bathymetry

Depth datawill support assessment of PoM contribution tohewence of MPA networkSeveral datasets

are available for the use in the Challenge w@kthymetric Data Modébr the entire Baltic FFig. 4.4eft)

is based on modelled data withgx0.5 knresolution (Baltic Sea data and map service, 2016). It is lased
various national data from the countries around the Baltic Sea:r&gibnal data were of highly different
resolution from 50 m (for Danish, German and Estonian waters) up t&&@00n (for Swedish and Finnish
waters). Higher resolutioBaltic Sea batymetry with the output grid of 250 m wasomputedfrom the

original Digital Topography of the Baltic Sea (IOWTOPO) database produced by the Baltic Sea Research
Institute of WarnemundgFig. 4.4right). Both datasets deliver similar results and fully soitChallenge

task 2 in respect to resolution and available format.
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Figure 4.4Bathymetricbased on Bathymetrpata Model(left) andDigital Topography of the Baltic
Sea databasgSource: Baltic Sea data and map service, 2016)

Secchi depth (transparesy)

Water transparency is a proxy of light conditions at the seabed, which is important for MPA coherence
assessment and delineation of areas suitable for benthic vegetation species (including threatened and
protected species). Two measures of Secchi ldegrte frequently used to reflect water transparency
conditions: directly measured Secchi depth (m) and depth of 1% mean annual irradiance (m) typically
estimated from Secchi depth (historical time series available). The latter indicates the depthatteast

1%of the surfacdight reachegshe seabedand is called photic depth. Both measures are suitable to analyse
water transparency conditions in the MPA network.

Spatial Secchi depth data have been extensively utilised by BALANCE piigjedty ushg period from
1980;1998 (March to October) with appro20,000 point based records. This number was reduced to
approx. 2800 after averaging data per station and the remaining records have been spatially interpolated to
cover the Baltic Sea and KattegaheTlowest accuracy occurs for the Baltic Proper, Gulf of Riga and
southern Baltic, but the data can be used for Challenge Tasks as a background layer. This dataset layer was
updated by DHI within EU SeaMap project (based on unpublished modelled dataplsgdrpshape file
(converted from original raster file) is available from HELCOM database. Since modelled data have been
used to produce the data layer, true spatial resolution depends on empirical input data and therefore less
relevant for the Challenge.
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Figure 4.5Modelled distribution of the photic zone (1.9xSecchi Deptith at least 1% available liglat
the seabedFrom: AlFHamdani, Reker, 200Data source: DHI Water /Environment/Health and JER)
and projected changes ilmnnual mean ensebie Secchi depth (m) according to reference nutrient load
conditions (rightfrom 1978&;2007 to 20692098 (from Meier et al. 2012

Substrate

Substrate mapserve asmportant background information in coherence assessment of MPA network (e.g.
replication, connectivity, representativenes®f habitats). Although there is a number of local and sub
regional high-resolution sediment maps, the only map for thentre Baltic Se&ottom sedimentwas
produced by BALANCE project-Kfdmdani, Reker, 2007). This mapswaeated in ArcGis vector format

after integrating different resolution data and reclassifying national sediment classes used by different
Baltic countriegFig. 4.6 left) The map mainly integrates interpolated point data and shows distribution of
five major substrate classes (bedrock, hard bottom complex, sand, clay and mud). Substrate classes do have
ecological meaning and relation to the habitat types (e.g. reefs), type of benthic macrofauna (infaunal,
epifaunal, mixed) and vegetation (attached fornasigiosperms), feeding strategies of some marine bird
species. The resolution is relevant for regional assessments, but obviously too rough for analysis of
AYRA@GARIZ £ at! Q& | degignsl MPA netdorka (¢.9. Kdtt&pyat). a OF £ S & dzo
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Figure 4.6 Distribution of 5 aggregated substrate classes (FAlflamdani, Reker, 2007 ath sources:
Geological Survey of Swede@eological Survey of Finlareahd Geological Survey of Denmark and
Greenland (left) and aerage ice cover within the Baltic Sea reg{enom AFHamdani, Reker, 2007 ath
sources: Metria/Sweden and Leppéaranta et al. (1988jyht).

Ice cover

Ice cover has multiple relations to marine organisms. However in respect to protected features of MPA
network ice cover is directly related the cgarvation status of theinged sealPusa hispidasp.botnica).

Ringed seal breeding distribution and reproduction success is closely linked to the extent and duration of
the ice coverThis speciebreeds in broken consolidated ice that traps snow heaps this habitat remains
important for 57 weeks after breeding in April. The spedied &4 S dzy RSNJ LINPGSOGA2Yy
northern Baltic under Habitat Directiv&ince reproduction success of the species depends on duration of

ice cover, thertore the spatial change in the end date of the ice period would ideally fit for assessment of
climate change effect on protection of this species by MPA network. Distribution and duration of ice cover

in the Baltic is also related to the distribution hatig of several wintering bird species, targeted by MPA
network (see below).

Ice cover dataset was produced by BALANCE prdjéEtaindani, Reker, 2007Fhe data for this map was
originally acquired from Metria/Sweden for the Swedish part of the Bothniay,Band this layer was
combined with ice cover data for the period 1963/6479/1980from Leppéaranta et al. (1988). The data

are integrated into liree arbitrary chosercategories for ice coveFig. 4.6)1. 0¢90 days of ice covelt. 90¢

150 days of iceaver; lll. >150 days of ice coveigher resolution of ice cover duration is provided with
HELCOM map service dataset, where GIS layer contain ice cover duration (in days) intervals up to 160 days
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divided into 8 categories with the time step of 20 dayisic§ ice cover categories of both datasets have
little relevance to species and habitat protection, their use for evaluation of climate change effects on MPA
network is not straightforward and hardly interpretablen addition, metadata on the parameteremnot
provided therefore technical details remain unknown. Other ice datasets include maximum and minimum
extent of the cover for two five year periods 1968 and 200582009 (Fig. 4.7). ThHater was derived from
satellite observations, whereas older datgere compiled from historical record¥hese datasets can be
directly used for analysis of the climate change effects on selected targets of MPA network (ringed seal and
wintering birds) based on historical records from the last decafes.ice cover obseations, CMEMS
provides freely available reprocessed ice cover data during & 9®8v. Additional datasets on extent of ice
cover for different periods between 1960 and 2100 have been modelled at suitable temporal and spatial
resolutions and are availabigoon requestat SMHI, DMI, FMI.
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Figure 4.7Baltic Sea ice cover minimum based tostorical weather service observations for the period
196064 (left) and from satellite observations for the period 29 (right) (From: Baltic Sea data and
map sevice, 2016; data source: Finnish Meteorological Institute).

4.3.3 Conservation features

Conservation features of the Baltic Sea MPA network addressed by the Challenge include protected species
(Habitat Directive, Bird Directive), threatened species (HELCOMIi&gdnd protected habitat
types/biotope complexes (Habitat Directive).

Protected species (Habitat and Bird Directives)

Approx. 20aquatic species inhabiting various parts of the Baltic Sea are listed ifdbéat or Bird
Directives. Baltic Sea datachmap service is the major source asttibution data for these species. Data
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type of spatial distributiorvaries between species from subgional presence/absence data up to point
based data of different accuracy. The most detailed data layers congaddta on point based species
guantity is available for few species only, e.g. ringed $8gl4.8, left) and those covered by assessment of
waterbird ppulations ancpressures in the Baltic S€akov et al., 2011). Presence/absence data with 10x10
km giid or polygon data are also available for several species, mostly Bids4(8). For fishes and
mammals typical datasets are of 100x100 km grid and therefore of little use for MPA network analysis. For
other taxonomic groups data quality varies from sj@s to species, however 10x10 km grid data and
polygon data are the most characteristic. This information is of suitable quality for regional assessments on
coherence of MPA network and climate change effects on the species conservation, however should be
crossvalidated with the species distribution data of HELCOM MPA database. This database contains
information on the species presence within individual MPAs. Although distribution of the species within
MPA is not available, countries provided information species status (migratory, breeding, wintering,
occasional, resident). Information on species presence within individual MPA can be treated as being of the
highest accuracy for those, which are submitted to the list as justifying the site designdtimugh all the

data have been provided at the time of site designation and therefore of very low temporal consistency
between species records in various sites, so far this dataset is of the highest quality for further analysis of
MPA network.
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Figure4.8. Examples of data layers on distribution of Habitat or Bird Directive species in the Baltic Sea:
point based quantitative data on Ringed seBlga hispidaspp. botnicd compiled by BALSAM project
(2015), presence/absence 10x10 km grid data for Euanp®tter [utra lutrg and polygon data on
presence of Velvet Scootdyl€lanitta fuscg compiled HELCOM Red List project (2015).

Threatened species (HELCOM Red List)

Dataset of threatened HELCOM Raést species contain information on distribution of 5ddRisted species,
classified into three categories of critically endangered, endangered and vulnerable sjdstabution

maps for 80% of threatened specissvailableat Baltic Sea map and data service. Grid resolution of 10x10
km is mainly availabl for distribution layers of benthic macroinvertebrates and macrophytes. Birds
distribution datasets typically contain polygon data and therefore can be used for assessment of all
coherence criteriaof MPA network: replicability, sizeepresentativenessand connectivity. Datasets on
distribution of benthic macroinvertebrates and macrophytes are suitable only for assessment of replication
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and partly forrepresentativenessvithin a known species range derived from presence based grid data.
Datasets for distbution of fish and mammal species are of 100x100 km grid and therefore of little use for
MPA network coherence analysis.

Habitat typegBiotope complexeqHabitat Directive)

Seven habitat types included into Annex | of the Habitat Directive (and derstddotope complexes by
HELCOM) are exclusively distributed in the marine environment: Reefs (Lamf),shallow inlets and bays
(1160, Coastal Lagoon (1150)udflats and sandflats not covered by seawater at low {{tie40), Estuaries
(1130),Boreal BHic narrow inlets(1650), Submarine structures made by leaking gagEs30). Baltic Sea

map and data service provides data on the presence of the habitat type within a grid of 100x100 km
resolution (Fig.4.9), but this is far too coarse for examining tt@rerage by network of protected areas.
HELCOM MPA database contains information on presence of the habitat type within the individual MPA
classifying records into those where the habitat type justifies designatianparticular site. Such records

are d high certainty for the habitat presence in the given area, while accuracy of other records (indicating
NO or N/A) has lower accuracy. Currently habitat dataset classifies presence of Reefs for 133 territories,
Sandbanks for 103, Lagoons for B8tge shbow inlets and bay$or 64, Mudflats and sandflats not covered

by seawater at low tidsandbanks for 44,ubmarine structures made bigaking gases for 8, Boreal Baltic
narrow inlets for 5.Since information on presence for some habitat types within iddal MPA serves
higher spatial resolution than available at 100x100 km in individual HELCOM datasets, therefore this data
primarily will be used for the Challenge tasks where needed
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Figure 4.9. Example Data layer on Baltic wide distribution of reisi@0x100 kngrid (From: Baltic Sea
RIGE FyR YIFL aSNWAOSSE HnmcO |yR NBST LINBaSyoS
database).
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I A X2 4 A x

Tabe45> 5F GF | RSljdzt 08 F2NJ dal NAYyS t N2PGSOGSR ! NBI at¢
Variable Data Accessibility Completeness Resolution Precision Data
type / coverage provider
Delivery typé&ime Spatial Hor./Ver./[Temp.
Temporal
MPA boundaries | Legal Downloadable Adequate N/A FFU* HELCOM
bounda MPADB
ries Downloadable Adequate N/A FFU Natura 2000
database
IUCN categories | Derived | Downbadable Update N/A FFU HELCOM
needed MPADB
MSFDPrograms | Legal Downloadable, Adequate N/A Not Websites of
of measures docum | English summaries adequate| MS MoE
ent available (except
for LV)
Substrate Model | Downloadable Not adequate for FFU HELCOM
analysis within DMS
Mt ! Qa
Bathymetry Interpo | Downloadable Adequate FFUbut | BSBD
Bathymetry lated | Downloadable by Adequate notfor | EMODNET
request climate
change
effects
Distribution of Model | Downloadable Not adequate ér Partly HELCOM
threatened coherence MPADB,
HELCOM Red Lig assessment due to DMS
species data availability for
Distribution of In-situ Downloadable MPA only Partly HELCOM
Bird Dir. and Obs. MPADB
Habitat Dir.
Species
Distribution of Model | Downloadhble partly HELCOM
Habitat Dir. MPADB
Annex | Habitats
Distribution of Model | Not available Adequate FFU Skov et al.,
Bird Dir. species 2011
Salinity In-situ | Downloadable FFU EMODNET
Salinity Ice cover| Model | On request or FFU See Tab. 6.4
open,
downloadable
Ice cover, In-situ | Downloadable FFU HELCOM
historical DMS
Photosynthdicall | In-situ N/A EU Sea Map
y Active 2016/
Radiation at EMODNET
seabed
Secchi depth In-situ FFU HELCOM
DSM
Model | On request FFU Meier et al.
2012

*FFUq Fit-for-the-use
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4.4 Condusions and recommendations

This study assesses different data availability and adequacy for the three MPA Challenge tasks defined in
the BSCP project. The data adequaoy summarised in Tab. 4.Bformation required for identification of

IUCN categorie$ 2 NJ | LILINRE® mp: 2F at! Qa A& y20 NBFRAt& | ¢
mostly in national languages. However, when access to the needed information is set, data are usually
adequate for assigning IUCN categories. In opposite, informégioassessmendf the networkcoherence

according to Article 13 in the Marine Strategy Framework Diregiveurrently not adequate. Level of

details provided in countries MSFD reports (last reports approved by March 2015) on spatial protection
measuresdo not allow assessment of their intensity and spatial distribution at any finer scale than
countries territorial/EEZ waterd'his is obviously too coarse information for Task implementation at the
moment.

Criteria for coherence assessment of MPA netwdrkge been recently suggested by Wolters et al. (2015).
Report on coherence assessment of the Baltic Sea MPA network was published in October 2016 (HELCOM,
2016). Based on a quantitative approach for aggregated evaluation of conneataptgsentativenes,
adequacy and replication, the overall assessment indicates that it is highly unlikely that the network of
HELCOM MPAs is ecologically coherent. It was also noted, that important basic information needed for
appropriate analyses, for example on the sphtiistribution of species and biotopes, is still missing. As
formulated in the description of the Task 2, MPA Challenge should not aim at repeating the exercise of
coherence assessment, but rather focus on benefits for the coherence of MPA network fognamps of
measures set by countries during implementation of Marine Strategy Framework Directive. In this respect,
the Adequacy assessment of existing data demonstrates inadequate level of details drawn by countries in
respect to their marine conservationeasures.

Information availability and adequacy for Task 3 fully satisfies the needs and is not considered to limit
implementation.
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5 Data adequacy for Oil platform leaks

5.1 Introduction
Ly GKS dahAf LIXFOGF2NY fSFH1¢ /KFEEfSyaS INBIsS F2fift2¢

Issuing and reporting an Oil platform leak warning

Forecasting the 3D trajectory of the spilled oil

Farecasting the oceamveather conditions for oil cleaning operation

Forecasting and assessing the environmental and sec@omic impact of the oil leak

P wbdrE

The above tasks will be carried out in a form of real time demonstration. The procedure is tHat thl
issue a warning of a virtual oil spill to BSCP. Upon receiving necessary oil platform leak information, BSCP
consortium will perform the above tasks and submit reports to the EC after 24, 48 and 72hours respectively.

5.2 Data usage and datarequire ment

TheRI G dzal 3S Ay GKS OKIFffSy3aSinTabBle & KBy WKISH B2 NN
fSF1¢ Aa NBLRNISR:X (KS tSIF{SR t20FIG4A2y>Y RSLIIKXEZ 2A
information, BSCP will start weathenceanice and oil trajectory forecasts. Among them, weather and
oceanice forecast are similar to routine forecasts in rogean agencies but need to be with sufficient
resolution and quality, especially for oil leak in the coastal waters. Winds, tsirf@D) and ice are most
essential variables. The requirements for these variables are listed in Tab. 5.2. Near real time data products
are needed. The forecast is preferably updated 4 times a day but update of every 3 hours may be needed. If
the oil leakis caused by a ship and happens in coastal waters, it is very important to predict the time,
location and amount of oil landed in the coasts. This will need kigfiyresolution (up to a few hundred

meters) weatherocearnice models to provide water windsnd currents. The precision of winds and
currents are essential for the correct prediction of the oil drift trajectories. If the oil leak happens in icing
waters, accurate ice forecast and oil weathering processes in the ice become important.

Table5.1. K& @I NAFo6fSa FyR RFEGEF dz&al 3S Ay ahAt LI GF2NY

Tasks Key variables Observation type Providers

Issuing warning Oil types, leaking amount, location | In-situ, satellite Oil company, EMSA

METOC forecast | Winds, visibility, precipitation, ice, Model Met offices, CMEMS
waves, curents

Trajectory forecast| Winds, 3D ocean status, ice, Model, satellitejn- Met. Offices, CMEM
bathymetry, coastlingoil types & situ
characteristics

Impact assessmen Sensitive areas, tourist beaches, GIS data EMODNET Human

activity, HELCOM

Qil cleaning METOC conditions Model, in-situ, Met. Offices,

operation Trajectory forecast, Ggoing human | satellite, GIS data | CMEMS, maritime
activities (eg navigation) agencies, HELCOM

After the oil drift trajectory forecast is made, rei@ine validation of the model products is needed. This
needs observations on olil slicks, either framsitu or satellite, to identify the location, size and amount of
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the oil slick distribution. An assessment of potential environmental and ecologicatisngfoil leak is also
required. This is currently done by integrating information of the forecasts and the important human
activity areas, e.g., MPA, tourist beach, fish spawning areas etc. In BSCP project, only a preliminary
investigation is carried outo tell if the oil slicks will affect these sensitive areas but not on how the

Baltic Sea CheckPoint Data Adequacy Rdport

environment and ecosystem will be affected.

Date: 2016.9.15

¢rofS poud 5F0GF NBIIZANBYSydGa Ay aGhAift LI GF2NY
Accessibility | Completeness Resolution Precision
Key variable |Data type coverage | Spatial Temporal
Model, Open, free, |BalticNorth H: max.3km Hourly Criticalbut
in-situ, online, real |Sea V: 10m height unspecified
Winds satellite |time
Meteo data | Model H: max. 3km Hourly Unspecified
Baltic H (offsiore): 15minutes| Criticalbut
max. 2km unspecified
H (coastal): max
1km
V: 1m at surface
bottom layers
Currents Model H: max. 1km
T/S Model Baltic 3km Hourly Unspecified
Baltic H:Same as Hourly Criticalbut
Ice Model, currents unspecified
concentration| satellite V: N/A
Baltic H: 3km Hourly Unspecified
Seal evel Model V: N/A
Open, free, |Baltic H:~10"°m N/A Criticalbut
Coastline In-situ online unspecified
Baltic H: max. 500m | N/A Criticalbut
Bathymetry |In-situ unspecified
Sendive Baltic As requested N/A Unspecified
areas GIS data
Tourist Baltic As requested N/A Unspecified
beaches GIS data
LeakedOil Real time 14 oil types N/A Most Unspecified
characteristic updated
S In-situ
Oil features | Parameter| Open, free Static Unspedied
used in model s
Open, free, |Asrequested |As requested Most Criticalbut
online, near updated | Unspecified
real time
Oil slicks and| Remote | (max. 24h
spills sensing | delivery time)
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Accessibity Completene Resolution Precision
Data ss/coverage Spatial Tempora
Key variable| type I
Model Met. Offices: real | BalticNorth | H: max.3km Hourly |[1-2m/s
foreacst, | time, on request Sea V: 10m height
in-situ
CMEMS/KNMI, H:12.525km 6hourly¢ | 1-2m/s
Open, free, online, V: 10m height | daily
Winds Satellite | 1day delay
Met. Agencies: Rea H: max. 3km Hourly | Unspecified
Meteo data | Model |time
CMEMS: open, freq Baltic H (offshore): 15min. | Criticalbut
online, real time max. 2km unspecified
H (coastal): max
1km
V: 1m at surface
bottom layers
Currents Model H: max. 1km
Baltic 3km Hourly |RMSE:
T:. ~fC
TIS Model S: <2psu
Ice Baltic H:Same as Hourly | Unspecified
concentratio| Model, currents
n satellite V: N/A
Baltic H: 3km Hourly | Unspedied
Seal evel Model V: N/A
GSHHG: open, free Baltic H:~10"’m Updated | Criticalbut
Coastline | In-situ EMODNET/BSBD: in 2016 | unspecified
open, free Baltic H: max. 500m | Updated | Min. (10m,
in 2016 |10% of the
Bathymetry | In-situ depth)
Sendive Baltic As reqested N/A Unknown
areas GIS data
Tourist Baltic As requested N/A Unknown
beaches GIS data
LeakedOil Real time 8-14 oil N/A Most Unspecified
features In-situ types updated
Oil featues | Paramet | SINTEF: on reques Static Unknown
in model ers
EMSA: Open,on |As As requested Most Unknown
QOil slicks Remote |request, near real |requested updated
and spills | sensing |time (max. 24h)

Finally the meibceanice and oil trajectory forecasts (together with the uncertainty estimate) and the
impact assessment will be provided td ak combatting agencies to support their field operations and

decisiormaking.
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impact assessment. An oil platform leak case was issuedi®DEet in 11:30CET (Central European Time)

in 10/5/2016. The request for prediction and impact assessment was sent to thedB8dihator. BSCP oil

spill task team, led by SMHI, reacted quickly. Within 24 hours, the general environment (e.g. Marine
Proteded Areas in Natura2000 and other human activities) in the accident area was investigated. The
weather and sea state conditions are diagnosed for potential oil spill combatting.

At 8:15 CET 10/05/2016,mrehole located at (55,39974N8,72303E) startetb leak oil at a rate of 2500
barrels/day for a period of 3 days, which is equivalent to about 15tons/hour. The accident area is about 119
km northeast of Polish coast (Wladyslawowo) and 153 km west of Klaipeda, where there are Marine
Protected Areas in Nara2000. The oil spill site has a water depth of about 86 meters.
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Figure 5.1. The location of the oil spill event (the location of the yellow star). The Natura2000 Areas are
marked with shadows.

BSCP oil spill task team, leading by SMHI, reactedlyguiftker receiving the request from EMODNET. The
general environment (e.g. Marine Protected Areas in Natura2000 and other human activities) and meteo
ocean conditions in the accident area was investigated. The weather and sea state conditions are
diagnosedor potential oil spill combatting: the accident area is dominated by a high pressure system in the
afternoon of 10 May. Good weather and sea state conditions will last to the noon of 11 May. The winds will
then increase up to Scale 6 and waves 1 rheters in the Polish waters in the following 24 hours. For the
48-72h of the spill, the weather condition will become better than that inrd®h period. The weather and

sea state conditions are in general good for oil spill combatting activities.

Two operatdnal oil drift forecasting systems (SMHI SEATRACKWEB and DMI BSHdmod) were started to
generate the forecasts in the afternoon of 10 May. The forecast showed that, for the first 24h of the spill,
the oil has been drifted WSWard to about 10km. About 60% tife leaked oil quickly reached the surface.
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The oil slick is spread to 0.8km in radius and covering an area &f Zkmoil thickness has been decreased
sharply in the first few hours of the spill.

At 8:15CET 12th, the oil has been drifted W&#Yd to ebout 30km away from the spill site. About 60% of
the leaked oil is at the surface and 5.5% remain in the bottom. The oil spread is increased to 1.2km in radius
and covers an area of 5Km

The forecasted drift trajectory in the first 72 hours after the ledk is displayed in Fig. 5.2 and Fig. 5.3
based on SMHI and DMI oil drift prediction systems, respectively. Although both trajectories are similar
DMI forecast is more southward. According to DMI forecasting) 4872h of the spill, the oil will drift\§-

ward. At 7:00CET 13/05/2016, the oil is expected to reach (55.2N, 18.1E) A new simulation was made at
6:00UTC 12/05/2016. The results show that, for the next 24hours, the oil will driftv&d/ At 8:00CET
13/05/2016, the oil is expected to reach (55.28.1E). The percentage of the oil at bottom remains as
unchanged.

Figure 5.2. The simulated oil trajectories for the first 72h of the spill, shown together with wind vectors
(SMHI)
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Figure 53. The simulated oil trajectories for the first 72h of thals(DMI)

Based on the forecasts made by DMI and SMHI, there will be no oil landing ocoatte and no impacts on
the spatial protectedareas in Natura2000. However, the impact on the marine ecosystems (especially
benthic community and fishery) shoul@ Isignificant, and should be further investigated.

Animations of the forecasted oil drift and 24h, 48hd 72h oil leak bulletins on this test case can be found
in the BSCP web portal

5.3 Data availability and data adequacy

The data adequacy in the @ilift study is reviewed by combining model, remote sensing amsitu
measurements. This is to remind that the adequacy of the data is reviewed based on an integrated way. So
the data necessary for improving the integration methods will also be incluglgd, for validation and/or
assimilation.

5.3.1 Winds at 10m elevation

The 10m winds (including forecast) are maitdyived from modelsMet. Offices in the Baltic Sea region,
e.g., DMI, FMI and SMHI provide high resolution surface wind foreEastexample DMI is currently
providing several types of weather forecasts for the Baltic Sea, as shovabis.4. The rooimeansquare
error of 10m wind forecast iabout 1.5m/sat the coastal and land stationslowever, there are only a few
buoys providing wind mesaurementsin the Baltic Sealrhese data are normally measured at 2m above the

Lhttp://mww.emodnet-baltic.eu/
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sea surface, andhould be corrected to the 10 winds whencompared with the model windsSatellite
measured sea surfasgindscan be used in operational numerical weather prediction via data assimilation.
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Table 5.4. Wind forecasts currently available in DMI

Forecast model Resolution Update frequecy Assimilation

HIRLAM 3km, hourly 4 times per day, 60h forecast Satellite &in-situ data
HARMONIE 2.5km, hourly | 8times per day, 60h forecast Satellite &in-situ data
HIRLAM ensemble (21)| 5km, hourly 4times per day, 60h forecast Satellite &in-situ data

Other Met. Agencies e.g., ECMWF, SMHI and FMI etc. have their own weather forecasts which also have
good quality meeting the requirements. Of course, different model has different skills in different areas on
the wind forecasts. There are cases thanavforecasts go wrong. In such cases, it is important to use winds
from different models (multmodel ensemble) which may effectively reduce the uncertainty of oil drift
trajectory forecast.

Highresolution wind forecast incoastal waters are important fopredicting oil drift near shorelt is
essential that the NWP model can provide winds over water rather thandaadnixed winds.

5.3.2 Physical variables: T, S, currents, sea level, sea ice

The physical variables are needed in making oil trajectory fsteednich includes variables from 3D ocean
model (i.e., currents, sea level, water temperature and salinity) and ice model (ice concentration). The
state-of-the-art Baltic Sea 3D ocean forecast are made by BSH and DMI by using HBM model and SMHI
using NEM@\ordic. The hourly forecast (in 1nm resolution) is freely available from CMEMS data portal.
The quality of the currents and 3D ocean are normally good for oil drift trajectory prediction but still
subjective to extensive validations. The quality of thistxg oil spill case in the Baltic Sea has been proved

in several existing oil spill case&Christiansen2003 but still lack of quantitative validationslse of multi

model forecasts has shown with added valuBsotrom et al., 2011

¢ KSNBE Beenod gpid dases in the icing waters yet, hence the quality of ice forecast data have not
been validated for the oil drift forecast. Since the mesos@#delynamics has not been implemented in the

ice model, it isnot expected that the current ice pdiction will be able to generate realistic feature in
kilometre scales.

5.3.3 Coastline and Bathymetry

A Global Selfonsistent, Hierarchical, Higlksolution Geography Database (GSHAGErsion 2.3.6 is

released in August 19, 2016. TBSHHGIata are freelyavailable and can be downloadedhe resolution

and quality is similar to what one can find in Google maps, which are sufficient for using in the weather,
ocean, ice and oil drift models. The availability of bathymetry data be referred to Chapter 1t the

Baltic Sea, the BSBD, EMODNET and HELCOM are using similar dataset which is generated by BSHC. Tt
resolution is 500 meters. Although each country has data higher than 500m resolution, they are not always
available. For oil drift forecast, the exig bathymetry is sufficient for offshore cases. For oil spill cases in
catchmentcoastsea continuum with complicated topography, bathymetry with higher resolution is
needed.

Yhttp://ocean.dmi.dk/case_studies/index.uk.php
Lhttp://www.soest.hawaii.edu/pwessel/gshhg/
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5.3.4 Human activity data

Existing data (sensitivity areas atwlirist beaches in the Baltic Sea) are found sufficient for a descriptive
impact study of oil spill cases. These data are available from EMODNET Human activity web portal and
HELCOM Maps and Data web portal. Since BSCP only use these data to idemsitivk sereas are
affected by the oil slicks, they seem to be adequate for the phase 1 applications.

5.4 Conclusion and r ecommendations

Forthe oil platform leak applicationpperational numerical oil drift mode$ used to predict the trajectory

of ail slicls, with inputs from a weather model and an ocesga ice model. Sea surface winds and currents
observations are usefibr model validation and data assimilation. Satellite images are used to identify the
position of oil slicks which are essential in venifythe forecast of the oil drift trajectoriesluman activity
data are used in the impact assessment together with the model foredastiouldbe noted that in the
Baltic Sea,here are almost no active offshore oil platforms. However, the Baltic Seadsd with very
heavy marine traffic. The risk of oil leak from ships is fairly high comparing with other regiam in
Europe. The data requirements on key variables and data types are sh#la¥J G KS & &4 K& 2R 2 A €
LJ I G F 2 Ndf doth&d différences on data coverage sensitive areathasormer has a much larger
area of high riskin the Baltic Sea

For oil platform leak applicatiomlue to lack of currents observations and good wind measurements at 10m
above the sea surfacahere isa lack of comprehensive validation séa surface winds and currents
forecasts.The amount and location of the stations needed, however, are still unknown and subjective to
detailed model verification study and optimal sampling design study.

For oil spllin coastal waters and icing waters, more data requiredin comparing to open water oil spill.

For the icing waters, the quality and resolution of ice forecast should be further improved. For oil spill in
catchmentcoastsea continuum, the publicly aVable bathymetry will not be sufficient. However, this may

not be an issue as each country has its own bathymetry database with much higher resolution than 500m,
which can be used in the national oil spill combattifidie ocean and weather prediction wilkeed
resolution in a few hundreds of meter§heir quality, especially forecast of surface currents should be
extensively validated and improved.
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6 Data adequacy for climate change

6.1 Introduction
The objectives of challenge area 4, Climate Change, are to apply existing Baltic Sea monitoring data and

identifying their adequacy for establishing time series of change in average temperature on a grid over past
10/50/100 years, of annual temperature at sea surface and bottom, of internal thermal and kinetic energy,
of average extent of ice cover over past 5/10/500 years on maps, of total ice cover in kilograms over
past 100 years and of phytoplankton abundance of three species. During the work the biota part was
extended to cover four representative speciesspring bloom diatomAchnanthes taeniataand
dinoflagdlate Peridiniella catenata and summer bloom cyanobacteriuodularia spumigenaand
dinoflagellateHeterocapsa triquetra

The reliability and utility of the data and products were also to be assessed. Whenever possible, uncertainty
statistics were to be vided as well. The suitability of the existing data for trend analysis should also be
examined.

The intended products will serve as basic background for further analyses of the response of the Baltic Sea
to climate change. The users of the provided tissgies should then be aware of the-fitr-purpose, the

gaps and the usefulness of the data for that kind of work. It should be noted that the work done within this
challenge was not aimed to giaa analysis of the climate change or trends in the desctiparameters as

such.

6.2 Data usage and data requirement
The Baltic Sea area is over 1200km long from south to north and over 600km wide from west to east. The

Sea is located in a preval westerly zone between 536N but have different weather conditionm its
southern and northern parts. Surrounded by the Baltic catchments with more than 70 major rivers, it
consists of many subasins and connects witthe North Sea through the narrow and shallow Danish
Straits. The water depth is up to 450m but with @arerage of 50m. Steered by these features, Baltic Sea
climate variability is dominated by atmospheric forcing, river discharge and water exchangaeuibrth

Sea. Small characteristic scales in a few kilometres, upwelling;smbdrasin exchange andeasonal
thermo- and haloclines feature their internal dynamics. These dynamic features change with climate. The
forming and melting of seasonal ice are also strongly affected by climate change. For monitoring Baltic Sea
climate variability, highresolution observations and models are needed. Typical requirements for the
spatial resolution are 1km in horizontal, 1m in layers of upper and bottom 20m and pycnaaicheourly

or daily in temporafesolution.

To produce the intended basic products for climateange, data from seawater temperature, salinity,
current, sea ice and phytoplankton are needed (Tab. 6.1). In the table, the requirements for the data are
also listed.
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Table 61. Datarequirements for climate change

Variable | Data | Accessibility Competeness/ Resolution Precision
type coverage
Delivery Delivery | Spatial Temporal | Hor. Ver. Temp.
type time
Seaice | Obs./ | Delayed, | On Baltic Aslong as | N/A N/A Annual Not
extent model | Open, free| request | Sea possible available
>50 yr
Seaice | Obs./ | Delayed, | On Baltic As long as | Point data | N/A Daily 0.05m
thickne | model | Open, free| request | Sea possible or Max.
Ss Obs.: >1 yr| 50km
Model: >5
Oyr
SST Obs./ | Delayed, | On Baltic >20yr Point data | N/A Hourly- | 0.1°C
model | Open, free| request | Sea or 1-5km daily
Sea Obs./ | Delayed, | On Baltic 5-100yr Point data | N/A Hourly- | 0.1°C
temper | model | Open, free| request | Sea or 1-5km daily
ature
Sea Obs./ | Delayed, | On Baltic 5-100yr Point data | N/A Hourly- | 0.1
Salinity | model | Open, free| request | Sea or 1-5km daily
Current | Obs./ | Delayed, | On Baltic Obs.: >1yr | Point data | 1m Hourly 0.01m/s
S Mode | Open, free | request | Sea Mod.: >50 | or 1-5km Relative
I yr errorl0%
Phytopl | Obs. | Delayed, | On Baltic >36yr At least 15 observations per | Not
ankton Open, free| request | Sea (1980->) | subbasin per season/year | available

* The requirement of the delivery time depends on the frequency of the assessment/trend analysis.

We have identified and used sea ice data, seawater temperature and salinity, current and phytoplankton
data in our analyses and as described ab. 6.2.

6.2.1.1 Weather conditions
Weather conditions over the Baltic Sea characterise the climatic regime where the Baltic Sea be#ings to

each point in time. Usually the weather patterns and winds that come from the North Atlantic dominate
the Baltic Seaonditions. Sometimes especially in winter the cold air masses from Siberia flow to the
northern Baltic Sea areas causing periods of very cold weather. The routes of the weather patterns, like
storms, on their way from the North Atlantic to the southerndacentral Baltic Sea are essential for the
water exchange between the world ocean and the Baltic Sea, especially for the major saline water inflows
that enhance theconditions of the deep waters.

Weather information is needed both from observations andnirmumerical weather modelg climate

studies True observations are needed to relate thesitu observations from the sea to the driving forces.
Numerical atmospheric model datariequired as forcing fields for the hydrodynamic ocean models that
are usel to study the climatological variability of the Baltic Sea in scales from years to several decades.
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Table 62 Data usage in climate change

Variable Data type Usage
Sea ice extent In-situ Obs. Producing annual maximum ice extent time series, model
validation
Model Not used, but may betilised for estimations of ice amount
Sea ice thickness | In-situ Obs. Producing annual ice amount time series (in kg), model validg
Model Producing ice amount estimations
Sea Surface Blended satellite | SST longerm time series and climate variability
Temperature and insitu
Sea water In-situ Obs. DIVA analyses, model validation, assimilation
temperature Model Constructing internal energy time series
Sea bottom water | In-situ Obs. DIVA analyses, modedlidation, assimilation
temperature
Sea water salinity | In-situ Obs. DIVA analyses, model validation
Model Constructing internal energy time series
Currents In-situ Obs. Model validation
Model Calculating kinetic energy
Phytoplankton In-situ Obs. Trend analysis
abundance

6.2.1.2 Sea water temperature, salinity and currents

Relevant climate change signalhe Baltic Sea is a strongly stratified sea area that hsigrdficant
seasonal cycle in its upper layer temperature. Below the upper layer there is always iatenpukdiate

layer, often called as the old winter water. Both this layer and upper layer have short thermal memory,
because they are mixed twice a year. The deeper waters below the old winter,\aatbespecially those
below the haloclineare thermallymore stable, though weak signals of seasonal cycle are also seen below
the halocline at least in many areas.

Salinity is a more conservative parameter than temperature, but in the Baltic Sea the upper layer salinity
has a seasonal cycle, too. This is lbseaof the freezing and melting of sea ice and spring floods of the
rivers at least in stations thare near to big river mouths.

For climatic studies the form of the seasonal cyad their interannual and interdecadal variability is of
interest. Suchvariability is strongly coupled with external forcing, mesoscale dynamics anesinbdrasin
exchange. The horizontal hydrodynamic scales of the Baltic Sea, when described with the internal Rossby
radius of deformation, vary from stiasin to sukbasin tut in order of 18 km. The fronts and mesoscale
eddies that have these characteristic length scales complicate even more the analysis of the spatially sparse
observations. To make the case even more complicated, some physical processes, like upwelling, can
change the surface layer temperature rapidiynd those events have to be considered in analyses of mean
temperatures at least in the coastal areas.

T/S data requirementsthese features of the thermal and halo regime of the Baltic Sea must be taken into
account in the analyses of the climate change. Therefore dense time series of temperature from certain
dynamically representative areas are necessary for reliable trend analyses.
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The representativeness of the profile stations of the fixed oceanografiseraations should be analysed,

but it is difficult from observations only, because usually the profile observations are not horizontally dense.
On the other handthe bottom topography and coastlines may force certain dynamic feature to certain
locations and thus the representativeness of the stations may be estimated. For HELCOM Baltic Sea
Environment Assessment,7 open sukbasins were usedalong with the HELCOM Monitoringnd
Assessment Strategy (HELCQMIL3"™. To reach moderate samplingpresentatieness it is requiredthat

at least 15 profile observatienshould be available per yeper sub-basin. This can also be used as the
minimum requirements for temperature and salinity profile observations.

Neverthelessit is not possible to have sufficie/S profile measurements to resolve important mesoscale
dynamics. To resolve the impacts of mesoscale dynamics on the climate change, nhumerical modelling and
data assimilation approach should be used. The stdithe-art Baltic ocearice model has readd a
horizontal resolution of 1km and vertical resolution ofil and is capabl®f resohing the mesoscale
dynamts in the Baltic Sea.

Highresolution measurements are essential for resolving mesoscale dynamics. Such measurements are
available for surfacéemperature and salinity from satellittsand ferrybox* lines although their periods
are limited. The mesoscale signals from the surface observations can be introduced into the numerical
models through data assimilation which helps in reconstructinghhee-dimensional mesoscale features.

Precision requirements The monitoring methods on sea water T/S profiles have changed considerably
during the scientific oceanography era. However, the T/S data are still considered to be relatively
comparable with ach other in different measurement techniques periods after necessary corrections are
made. However, one should be careful with the climate analyses for salinity. The international
recommendation is that data should be stored and exchanged as practidgaitysabut in scientific
publications absolute salinity should be used. The conversions batthese are offered by TEQS®.

Currents knowledge on sea currents is vital in understanding the exchange and mixing of the water masses.
The horizontal hydroghamic scales are rather small in the Baltic Sea, which makes impossible the real
observations of the current field. Lofigrm, highresolution (hourly) current observations are required for
model valicition. Similar data are needeat locations with stragégic importance for water exchange, such

as Danish Straits, Stolpe Channel and entrances to the Gulfs.

6.2.1.3 Seaice
Traditionally the importance of sea ice is first considered in winter navigation. For climate research, the

existence of ice changethe surfaceheat fluxes to the atmosphere and ocedramatically Sea icealso
offers ground for many species and moving ice redistributes substances and plankton species tgirgpnve
or diverging them depending on the situatioffherefore longterm sea ice observains are needed
including concentration, extenthickness and drift of the ice for climate research.

¥HELCOM 2013. HELCOM Monitoring and Assessinategs.
http://www.helcom.fi/Documents/Action%20areas/Monitoring%20and%20assessment/Monitoring%20and
%?20assessment%20strategy/Momittg%20and%20assessment%20strategy) pdf
Yhttp://marine.copernicus.eu/

http://www.teos-10.org/
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6.2.1.4 Phytoplankton abundance
The amount and distribution of phytoplanktopecies are measure® determinethe ecological state of

the sea. Their changes also describe how the reductions of nutrient loads have affected the sea and what
climate change may cause. Phytoplankton abundance, biomass and species comp@sitifest and
therefore requires frequent sampling. Phytoplankton data gathered by observations should be spatially
distributed as much as possible in a Agased way. According to the HELCOM monitoring requirements at
least 15 observations in every sbhsin per yar/season could be needed for rdli@ assessment.

' YRSNJ OKIFttSy3asS ¢/ tAYFHGS OKIFy3aSé GKS REGF FRSIdz C
done usingfour species¢ two spring speciesAchnanthestaeniata ¢ diatom; Peridiniellacatenata ¢
dinoflagellate) andwo summer speciesNodulariaspumigenag cyanobacteriaHeterocapsa triquetra;
dinoflagellate). These speciegre choseras they form an important part in the spring and summer bloom,
respectively, and their systematics has not changeath over the years.

6.3 Data availability and data adequacy

6.3.1 Temperature and salinit y
The in-situ temperature and salinit(T/S)data for the Baltic Sea is available from the listed sources,

HELCOM, ICES, SeaDataNet, EMODnet. The data begins in HELGHS &odnl 1898.

HELCOM/ICES/SeaDataNet Daldne HELCOM datasgELCOIM2016;ICES2016a)is a subset of ICES

data (ICES2016b) HELCOM data includes, by 28 July 2016, ov@/0dd profiles from the Baltic Sea of

which a little over 5,000 is from Skageak and Kattegat. ThECES database contains over 888, profiles

of bottle data and almos20,000profiles of CTD data from the Baltic Sea. The SeaDataNet Baltic Sea data
contains about 358.500 profilgSeaDataNet2015™. The spatial distribution oftie available data is far

from even. The amount and spatial coverage of temperature and salinity data is the smaller the more north

in the Baltic Sea we go (Fig. 6.1). The observing stations are mainly standard stations that are rather sparse
in the Gulf ofBothnia. This is natural, because of the ice cover in the winter reduces the possibilities of
research ship monitoring in winter. The same is the case in the temporal distribution of the SeaDataNet T/S
data, too, in the northern parts of the Baltic Seatgh the seasonal distribution of data seems to be more

even (Figs. 6.2). The yearly ambwif data increased fast in mith8QQa ® ¢ KSNBE ¢SNB I NH
LIN2E2SOGa GKFEG O2ft SOGSR | 28 2F RIFGlF GuwéFillayid mddn
Year (1996) that may also have contributed on the amount of data.

The ICES data includes both the ship data and fixed oceanographic stations, though it has turned out that it
does not contain all the profiles that exist in national indetu (at least that is the case of some Finnish
fixed oceanographic stations).

It is found that the data availability is quite uneven in time. Before 1960, thmrenly about 100 profiles
per year. During 1961975, the number of profiles per year increasto 162 Thisamount of profilesis
~10"*in 19761997. In years 1993 and 199807, more than 1tprofiles per yeamwere measured. After
2007, tre numberof profilesreturns to below 10000 profiles per year.

®Swedish Meteorological and Hydrological Institute (2015). Baltic Bemperature and salinity
observation collection Vattp://doi.org/10.12770/1610aa04364b53b220-98e10f17a2d4
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EMODNET dataEMODNET T/S data are similar to SeaDataNet data but more frequently updated with
operational T/S observations from CMEMS.
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Figure 6.1Spatial distribution of stations (left) and the number of profile observatimfithe SeaDataNet
T/Sdata in the Baltic Sea.
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Figure 62. Annual (left) and seasonal (riglaistribution of SeaDataNet Baltic Sea data.

National data At least in Finland seawater temperature has been regularly measured iratsi@ions.

Those statios were chosen to be as deep as possible in an easily reachable area. However, the changes in
the society have diminished the permanent inhabitants of the outer archipelagos and thusthieer of
volunteer obserations has decrea&sl drastically. On the otdr hand open sea depth observations have
mostly been done from research ships in the Baltic Sea. In last two decades the increasing use of
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temperature profilesat some locations.

Table 6.3Swedish and Danish lightships in the Baltic. Statiors 7 - 11 wereSwedish andhe other were

Danish ones

Date: 2016.9.15

St omnm. | Start date End date Lat. Lo Name Small mowves
ny 1923-09-01 1951-08-31 SOLTLGT | 165667 (Hands Rev
= 1923-01-01 1972-11-30 | 55.3000 | 12.7833 Falsterbo Rev®
] 1923-01-01 19G1-12-12 | 535.5833 | 12.8500 Oskarsgrundet
110 1923-01-01 1960-10-05 | 36.16G6GT | 12.5167 Svinbadan
11 1948-01-01 1969-11-09 | 371667 | 11.66GT Fladen
GOAT 1931-01-01 1977-09-02 | 57.7667 | 10.7333 Skagens Rev 1945-09-04. 1955-01-01
" 1977-09-03 [ 1979-10-0% | 57.7833 | 10.766T7 "o
GO4T 1931-01-01 1943-04-13 | 374733 | 11.3350 Laese Trindel®
" 1943-04-14 | 1945-04-11 | 57.5150 | 11.2600 " o*
" 1945-0%-23 | 1961-12-31 57.3333 | 11.3417 Liesn MNored 1949-01-01
" 1962-01-01 1975-09-03 | 57.5333 | 11.5417 "
" 1975-10-05 | 1977-11-24 | 574667 | 11.41G7 Liese Trindel®
GOST 1931-01-01 1943-03-31 272133 | 10.6933 Leesn Rende
" 1943-04-01 1962-02-06 | 57.2083 | 10.7333 " 1945-09-01, 1949-01-01.
195301-01
" 1962-02-07 | 1963-11-30 | 37.2000 [ 10.7333 "
GOGT 1931-01-01 1942-12-31 A6.O7T33 | 10.8950 Dsire Flak*
" 1943-01-01 1973-02-258 | 568500 | 10,8000 Aalborg Bugt 1945-09-0%, 1949-01-01.
195G-01-01, 1960-01-01
GOTT 1931-01-01 | 1944-12-31 | 361483 | 111867 | Schultz's Grund
" 1945-01-01 1971-00-03 | 26,1000 | 111500 Fattegat SW 1949-01-01, 1956-01-01.
19G0-01-01
GURT 1951-01-01 | 1945-04-22 | 36.7667 | 11.80633 Anholt Knob
" 1945-09-01 1945-08-20 | 367500 | 11.9917 "
" 19480821 1961-12-31 S0.ES00 | 118000 Anholt Nord 1949-01-01
" 1962-01-01 19753-03-09 | 36.8500 | 118000 "
" 1975-03-10 | 1985-085-08 | 36.7500 | 11.8833 Anholt Knoh
GOOT 196G1-01-01 1969-07-31 SoAD0n G.9500 FER 190G
G107 1931-01-01 1939-12-31 SO dGGT T.0833 Vil
" 1945-01-01 | 1948-12-31 | 234000 | 7.6167 " o*
" 1949-01-01 197530306 | 354000 T.066T " 1961
" 1975-03-07 | 1980-04-15 | 555667 | 7.3333 Horng Rev®
G127 1931-01-01 1973-08-31 o367 11.0406G7 Halaskov Hev 1949-01-01, 1950-12-08.
1955-02-01
G147 1931-01-01 1939-12-31 544533 | 12.1833 Gedser Rev
" 1945-01-01 1955-04-15% | 534.4200 | 121467 "o
" 1955-04-19 | 1976-03-31 | 544535 | 12,1833 "
" 1976-04-01 | 1979-01-24 | 54.7833 | 12.7500 Kadetrenden®
" 1979-01-25 | 1988-12-12 | 54.8000 | 12.7833 Men SE*
(148 1987-07-01 19885-01-31 246167 | 11.0167 Femernhalt®
G157 1966-01-01 19753-03-03 | 36.2500 | 122500 Kattegat Syd
GIGT 1931-01-01 TOG9-0G-300 | 36.0GGT | 120333 Lappegrund 19390116, 19510421
(183 1900-01-01 1937-06-12 | 55.9333 | 12.71G7 Drogden Fyrakib
" 1937-06-13 | 1998-009-30 | 55.5335 | 12.7167 Drogden Fyr

*Not used for isopleths

Thus sptal and emporalcoverage of the seawater temperature data is still poor for eamlyses of long

term changes.
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In transition waters, Danish light ships have measured a comprehensive historical dataset for temperature
and salinity, the station list and monitoring periods are shown in Ta&b. 6.

Sea Surface TemperatungSSTand Sea Surface Salinity (SSfB)addition to T/S profile measurements
conducted using coastal stations, autonomdugys tidal gauge stationand research vessels, satellites

can measure SST with good spatial and temporal coverAdditionally, ferrybox systems have been

utilised for heSSTand SIS a dzZNBYSy i a | £ NS R& T NIhthe BakiSSea Bhase y y A Y
data are available fromMIEMS via free internet access.

Most of the temperature data are accessible from the data portals of BOOS, CMEMS, EMODNET and
SeaDataNetThein-situ measurements, although sparse, are essential for climate change studies. They are
also used to model validations and thus give confidence on model results that can then complete the
picture of temperature changes.

It is recommended that profilg buoys with regular observations should be used in some representative
and/or dynamically importanfocationsin each subbasin of the Baltic Sea.

At present there are new data sources, like Abymys that produce datthat areopenly available through
the Internet that are not included ithe analysiof present project

The SST data used in the climate change is from CMEMS, a 3km resolution, daily level product blended from
multiple satellites andn-situ measurements. The dataset covers a period fri982-2013. It also provides
analysis erroestimate for each data value.

6.3.2 Sealce
The systematic ice observations began from practical needs and the ice services around the Baltic Sea have

followed and recorded the ice conditions at their best for decaddwe are manydata sources: coastal
observationsjn-situ observations, air reconnaissance, satellite images and coastal rddersigh variety

of observations has givemgood picture of the ice extent and partly on the ice thickness, too. At present
many ice models deliver model data we conditions (see Tab. 6.4).

Especially one time series of sea ice has been used to describe the ice conditions and theimiong
changes. This is the annual maximum ice extent of the Balti¢FRpe6.3) It gives the area of the ice cover

in the day when the ice covavaslargest in a wintel(see Fig. 6.4)Thisis one of the longestime series

which begins from the winter 1719/20. The data sources within the series are many, beginning from proxy
data like oldlogbooks from archipelago postal services and news in public newspapers. R. Jurva from
Finnish Institute of Marine Research constructed aelyLJF NI 2 F (0 KS (Rabdd 1933, sgeh £ {1
data and description from Seina and Palosuo 19%6)s nowcontinuously updated in the Finnish Ice
Service (run by FMI). Though there are several things that may affect the accuracy of the time series, it is
generally considered to be a useful dataset for lomgn studies of winter conditions. During latest
decales the ice services have done even daily ice maps from where the internal dynamics of the ice winters
Oty 0SS IyrfeaSR® {6SRAEAK | YR CAYyAadaK A0S &aSNIIAOS:
and produced a climatological ice atlé&MVHIland FIMR, 1982FIMR also published a complementing ice

atlas that describes the typical ice conditions according to the natural phases of the ice winter in contrast to
the other ice atlas that describes the course of the ice wintea@alendar basiglepparanta et al. 1988)
Unfortunately, the gridded data set was not updated regularly since then. At present new gridded data is
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available via FMI/CMEMS and a process to fill the data gaps is going on, though the process is somewhat
slow.

Annual maximum ice extent of the Baltic Sea
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Figure 6.3. Anmal maximum ice extent of the Baltic Sea.

The extent of ice does not tell on the mass of the ice cover. The question of the total mass of ice in the
Baltic Sea is much morhallenging At present the data is not digitized, but is in tfeem of ice charts

Evenin the ice charts, only thestimates of ice thicknesse given but nothe ice mass. lisverydifficult to
change into definite numbers i givengrid. The ice thicknesses are providesisome range and in the ice
charts, the boundaries of théhickness ranges are not drawn. In FMI there is work going on to digitize the
old ice charts. To give an idea of the task: the ice winter lasts from October/NovamtieMay, which
makesin total 6 ¢ 7 months and about 30 weeks. At present the digit@atproject includes 2 charts from

each week. Digitization of one chart takes 0.5 working days, which means that it takes three weeks to
digitize one years ice charts. Actually there exigtremore charts, the daily ones.

There is ice thickness informatidrom single observation sites around the Baltic Sea. In Finfarah data

is monthly mean from seven stations from 1890 onwards. From SMHI there is freely available daily ice data
from 402 stations around the coasts of Sweden from years 1987 till 20t .data is coded according to

Baltic Sea Ice Code, which includes the ice thickmelgsin nine different classes.

There also exists a data set of monthly mean values of Baltic ice coverage and thickness2@0E95the

data is calculated from digitakd ice charts by Natalija Schmelzer and Jurgen Holfort, BSH, Rostock and is
published with the book by Feistel et al (2008). That dataset maysed im calculating ice masses that

period, too.

It is recommended that theighnumber of existing ice alits are digitized t@ new gridded digital dataset.
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Figure 6.4Mean annual maximum ice extent in the Baltic Sea in last a) 5 years, b) 10 years, c) 50 years and
d) 100 years.

6.3.3 Data from numerical models
During recent decades severaumerical ocean models that have coupled ice modules have been

developed ad used to generate decadal himdsts, gridded reanalysis and climate scenario time series for
the Baltic Sea. These have usually been validated against single stations with réasemgerature time
series. The models include e.g. HIROMB, HBM, NEM@ic, GETM and COHERENS. Ustralse models

have also been used for operational forecasting and therefore their behaviour should be known at least in
normal conditions and in extreenevents. Part of these model runs are summarizetiain.6.4.
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Table 6.4A summary of existing oceace model runs for the Baltic Sea

Date: 2016.9.15

Model name Period Forcing References Type of runs Resolution
DMI BSHcmod | 19601990 | HIRHAM downscaled | Madsen, 2009 | Climate run 6-1nm,
climate run hourly
DMI BSHcmod | 20702100 | HIRHAM downscaled Al Madsen, 2009| Scenario run 6-1nm,
scenario run hourly
HBM 19902009 | HIRHAM hind cast Fu et. 2012 Hind cast 6-1nm,
downscaled ERA hourly
HBM 19902009 | HIRHAM hind cast Fu et al. 2012 | Reanalysis (T/S| 6-1nm,
downscaledERA profiles hourly
assimilated)
HBM 19582008 | HIRHAM hind cast DMI, SUNFISH Hind cast 6-1nm,
downscalecERA project, 2010 hourly
HBMHIRHAM | 19902010 | ERA Tian et al. Coupled hind 6-1nm,
2013 cast run hourly
HBMHIRHAM | 19602100 [ CMIP 5 E€arth Climatg Tian et al. Coupled 6-1nm,
scenario run 2016 climate, hourly
scenario run
HIROMB 19892014 | HIRLAM reanalysis CMEMS Reanalysis run | 5.5km,
hourly
RCGSCOBI 19701999 | Hind cast downscaled | Lu et 2014, 3D ocean 4km,
from ERALQ SMHI biogeochemical | hourly
Reanalysis run
NEMONordic | 19612007 | Hind cast downscaled | FMI Hind cast 2nm,
from ERALQ hourly

The numerical model data of temperature, salinity and currents used in the BSCP Climate change challenge
area is from the FMI NEMG@limatological runs, covery the years 1962007 with 2 nm (nautical mile)
horizontal and 4@ayer vertical resolutions. The modehtd havethe strong seasonal cycle in temperature

as expectedFig. 6.5) The development of thealinity during the simulation may not reflect changes in
nature, but some model related propert¥ig. 6.6)

6.3.3.1 ; Cu[rents ) . A o

LYy OUKS FANROG KIFIfFT 2F mMdnnQa NBIdzE | NJ 20aSNkgeé GA2Yy a
seasons. Those observationslite data from a couple of depths in verticAk least in Finland the light

ships stopped to operate in 19501 Qa FyR a2 ad2LIJISR (GK2aS 20aSNBIGA
have been measured in distinct projects and in certain hotspots in ditecBea.

&SN
{ St

{K2NI LISNA2Ra& 2F (GKS fA3IKG &aKAL 20aSNBIGA2Yy A
GISYSNIf OANDdA FdGA2yE Ay G(KS y2NIKSNY . FEGAO
shaped the thinking of average currentléieof the Baltic Sea. They also include the persistence of the
currents to give an idea of how variable the currents are in space and time. The persistency was also given
to different icefree seasons.

One important measurement of the currents is the int&igd volume flow through the Belts that DMI and
SMHI deliver. It is a measure of the water exchange between Baltic Sea and North Sea.
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Figure 6.5Mean surface and volume temperatures of thibole Baltic Sea according to NEMO model
climatic simulationn FMI.
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Figure 6.6 Mean surface and wame salinity in the NEMO model climatic simulationFikll. The lines
represent different model versions and the green, uppermost line is the latest version in the simulations.
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Date: 2016.9.15

Table 65. Data availability for clinta change
Variable | Data Accessibility Completeness/ | Resolution Data
type coverage provider
Delivery type | Delivery | Spatioemporal | Hor. Ver. | Temp.
time
Seaice | Obs. On request Months | Baltic Sea N/A N/A Annual FMI, CMEMS
extent Open, free 1719/20- now
Model | On request Online Baltic Sea 4-55km | N/A daily CMEMS,
Open, free 1961-2014 DMI, FMI
Seaice | Obs. On request sites around N/A N/A monthly | FMI
thicknes from Finland Finnish coasts
s 1900-
Obs Freely Online stations around | N/A N/A daily SMHI
available Swedsh coasts
SMHI 1987¢ 2011
Obs Book, Static Baltic Sea 30 NM N/A monthly | IOW
Germany 1956- 2005
Model | On request Online Baltic Sea 4-55km | N/A daily CMEMS,
Open, free 1961-2014 DMI, FMI
SST Blende | On request Online Balic Sea 3km N/A daily CMEMS
dL4 Open, free 19822013
Model | On request Online Baltic Sea 4-55 km | N/A daily CMEMS,
Open, free 1961-2014 DMI, FMI
Sea In-situ | On request Online Baltic Sea -1960: <100 profilesly (ply) | CMEMS,
tempera Open, free 1900-2016 ~19611975: 16°ply EMODNET,
ture ~19761999: 16*ply ICES
1993, 1998007: >16p/y SeaDataNet
2007¢ now: 107 ply
Model | On request Online Baltic Sea 4-5.5 km | Multil | daily CMEMS,
Open, free 1961-2014 ayers DMI, FMI
Sea In-situ | On request Online Baltic Sea -1960: <100 profilesly (ply) | CMEMS,
salinity Open, free 19002016 ~19611975: 16°ply EMODNET,
~19761999: 16*ply ICES
1993, 1998007: >16p/y SeaDataNet
2007¢ now: 107 ply
Model | On request Online Baltic Sea 4-5.5 km | Multil | daily CMEMS,
Open, free 19612014 ayers DMI, FMI
Currents | In-situ | On request Online Baltic Sea Hourly sparsely distributed | EMODNET
Open, free 1990 2016 stations
Model | On request Online Baltic Sea 4-5.5 km | Multil | daily CMEMS,
Open, free 1961-2014 ayers DMI, FMI
Phytopla | Obs. Delayed, on 1-2 year | Baltic Sea 0-20m ICES/
nkton Spring | request, free 19792014 Some seasons/years lack daj HELCOM
or data are very sparse
Obs. Delayed, 1 year Baltic Sea 0-20m ICES/
Summe | open, free 19792014 Some seasons/years lack dal HELCOM
r or data are very sparse
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At present many operational numerical models give the currents in gridded fields. Many publications have
given estimates of the current fields in different safeas of the Baltic Sea in a higher resolution than the
models that cover the wile Baltic Sea. By this the complicated structures of the currents have become
visible. However, the results of the different models differ from each other and with the lack of real
observations it is difficult to say how well the models reproduce the tueent field and which models
manage best. Such knowledge is essential, because models could then be used to define the most useful
monitoring sites for currents. In any case model data seems to be the only way to estimate the changes of
current field inchanging the climate and in estimating the distribution of human originated substances in
the sea.

6.3.4 Phytoplankton species

The data adequacy in the Climate change phytoplankton study looked for completeness of historical
phytoplankton dataset in the ICEEHCOM database. Even for assessment of Baltic Sea environment status,
there are no core indicators defined fghytoplankton; severahre in the status of pre-core (seasonal
succession offunctional phytoplanktongroups; cyanobacterial surface accumulaspnor candidate
(phytoplankton community composition as a food web indicator) indicator. Phytoplankton data used in the
present reportwere gatheredrom ICES/HELCOM databases forgegod 19792014.

ICES Datarhe ICES/HELCOM database contained pran&fin time seriegor 19792014 during thdast
downloadon the 11" of April 2016. The spatial coverage of datahe whole Baltic Sea (F&7), data are
collected either monthly or yearly from HELCOM coastal and open sea stations from the suréace lay
(mostly integrated water samples fromdepth of 0-10 or 320 m) but in many cases alsamplesfrom
discrete depthsare included into the database
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Figure 6.7. HELCOM open sea shasins used for phytoplankton trend analysis (left panebuirse:
www.helcom.fi (with added subasin numeration. Location of stations used in the phytoplankton spring
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ICES data accessibilitfhe data used are free with quick-tine access and data source always available.
The daa are easy to locate either direct download from the online database or through direct contact
with data managers at ICES. The latter is more useful if also data about the data provider/country and
division by HELCOM sbhlsins is needed, as this infoation is not available when one is downloading
data from the online database.

ICES data completenes$he origin of data is necessanyanalyse the completeness of the dataset. The

project identified alot of missingdatain the ICES/HELCOM phytoplankiatabaseAlso,the station map
(Figureb.7) seems to beretty well spatially covered with samplirsgations, oftenthe temporal coverage is

very poor By looking for the reason for missing datayits discoveredhat it is not always due to the data
providers not submitting the data. Very often, thelhasbeen an error in providedatasets,and ICES data
managers have asked thata provider to make corrections and resubmit the data. Unfortunately, often

data providers have not responded and so the® Y| y& RFGFaSada Ay aidl Gddza
Ff NEFReé F2NJ aSOSNIf &@SIFENB® LG gFa adz2NLINRaAy3d (G2
years, meaning, that the delay is from ICES side. The high percentage of data in pendinig staicial to

be solved as soon as possible to increase the usage of this database for different purposes

EMODNET dataBaltic Sea Checkpoint hatso identifiedseveral international and national databases,
which maybe usedfor completing the ICES/HEDM database to increase both the spatial and temporal
coverage of the data. Phytoplankton data in the EMODNET Biology database cover the yeé&818983
The data in the EMODNET database are free witlinenaccess and data source always availalie. chta
can be downloaded by speciasder interest butin that case,the trend analysis is impossible to
accomplish. This is because the target species is not alwagsvaa in all samples taken, in this case
a1 S NP #porteld dBamples not containinghe target speciesare not takeninto account The data
available at the present are mostly provided by SMHICESHence, even the coverage omeap might
look promising, after closer examination of the data, these are not yet suitable for the Sstticide trend
analysisand therefore not used by the present project.

National data BSCProject has also searched for additional phytoplankton data from National databases

in Estonia, Latvia, Finland, Sweden and Polahd.databasérom Estonian Envinmental Agency contains
phytoplankton data from national marine monitoring stations in the EstonianfREZ9932014. These

data were entirely missing in the ICES/HELCOM database during the download in April 2016. Swedish
national data was downloaded dictly from the publicly accessible SMHI datab&arkweb. The data

were partly available in the ICES/HELCOM database, but several years were missing due to the current
GLISYRAY3I aGFaGdzaéd ! FOSNI LISNEBR2Y It  O2 Y Yetiyehtited thdt 2 y & A
data from only afew stations hadbeen submittedto the ICES/HELCOM database so far. Hence, for the
more reliable Baltic Seaide or Gulf of Riga analysis, additional phytoplankton monitoring data should be
requestedfor directly from tre Latvian national data holder for better spatial and temporal coverage. In
Finland, all monitoring data are freely available, but there is no-peagde to download these. Instead one

has to turn directly to the data providers (there are several). The ptdjas also asked about the data
policy in Poland, but even though the monitoring data should be freely available, the response to the data
request was not positive.
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Projectbased data Two major databases compiled during EU funded past projeets alsoidentified: 1)
Characterization of the Baltic Sea Ecosystem: Dynamic$-amction of Coastal Types (CHARVKSCT
2001-:00065), and 2) Thresholds of Environmental Sustainability (THRESHOLDS) (Global Change and
90z2aealiSyanowbDR0No & ¢ Kk&itnib BaRid Seawidé nfaialy coastal stations)
phytoplankton data series for periods of 192801 and 196&008, respectively. Unfortunately, it is not

easy to get access to these databases considering there are no publicly avaikibkedatabases.

6.3.4.1 Spring speciesz Achnanthes taeniata and Peridiniella catenata
Several problems and mistakes using the ICES/HELCOM datadyaselentified In a couple of occasions

the stations appeared on land. There is no uniformity in units of data valties values are presented in 3
different ways: a) humber of counting units with coefficient in separate colgmbhundance values need

to be calculatedbefore analysis; b) units per litre; ¢) units per cubic decimetre. Sometimes the coefficient is
absent, meaning thse data rows shoulde excludedrom the analysis (e.g. in present case 29 data rows
for spring diatomAchnanthedaeniata were removed. Data are often presented by species size clagses
separate rows; there is a need to sum first the values of diffat size classes before the analysis. Quite
often data having thesamedate, coordinates, station and depth parameters had wfferent values. As
these two values were one order of magnitude different, these were not treated as parallel samples,
meaningthe values were noaveragedout were summarised instead to get only one row per station. In the
present data adequacy analysis of spring species data 45 stations (1,9%; mostly German data from 1982)
from 2376 had sampling depth higher than 200m in-bakins not that deepe.g in Kiel Bay idepthrange
200-280m, in Bay of Mecklenburg samples from depth range-280m, in Eastern Gotland Basin samples
from upto 900m (!) depth. These depth rangesemto be typingerrors, and these datavere excluded

from the analysis.

6.3.4.2 Summer species- Nodularia spumigena and Heterocapsa triquetra
Data fromthe summer period June August19792014, was extracted from the ICES/HELCOM database.

Zeros were added whenever the target species was absent in a specific saimpldepths varied from
single depth 0 meters to 910 meters! A considerable amount of data was without depths of which a lot was
Danish data. Maybe there is depth information somewhere that is lacking in the current dataset. There
were variable integratediepths as well from {1 to 0-20 meters. In some casdahe depths seemed to be
switched so the shallower depth was in the max depth column, whether the data is truly switched or wrong
is not known. All depths considered nonsense or absent should be ddfeted the parameter can be
provided in any way.
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Figure 6.8 A total number of samples (upper panel) atite yearly available number of samples (lower
panel) per HELCOM siiasin forMarchMay 19792014.

The same issues as for the spring specieewatso found for the summer species, come to i) variability in
units, ii) absent coefficient when only number of cells have been reported and iii) different size classes from
the same occasions that need to be summedbeipore analysis. So, care has to taken before data are
processed in order not to lose useful data or wgéully use the available data.

The number ospringsamples per HELCOM sbésins and yearlgpringsample numbers are presented in
fig. 6.8. There are only two subasins witha sufficient number of yearly samples to qualify to the HELCOM
recommendations (15 samples per season/year per-tzadin). As thespring phytoplankton bloom
progresses in time from south to north, the time frame for analysis is probably slightly different for
different areas (e.g. inclusion of Februaamd exclusion of Maylata tofrom the southern subbasins
analysis).

For spring bloom diatonAchnanthes taeniataand dinoflagellatePeridiniella catenatgFig. 6.9) 2 228
samples were identified in the ICES/HELCdatabase, of which the target species were found in 775
(34.8 %) and 1017 (45,6 %) samples respectively. The summer bloom $gpedidaria spumigenand
Heterocapsa triquetravere observed in 869 (39 %) and 640 (2%efmersamples respectively, unceita
depths included. Unfortunately the available data have many spatial and temporal gaps and are not
suitable for the challenge Climate change reliable trend analysis.
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Figure 6.9 The abundance of spring diatoichnanthes taeniata(upper panel) anddinoflagellate
Peridiniella catenatémiddle panel) in MarciMay in the entire Baltic Sea and the number of observations
for the same period available at the ICES/HELCOM database (lower panel) (data downloaded 8rothe 11
April 2016).
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6.4 Conclusions and recommendation s

Data adequacy assessment looks mosthgitu data from SeaDataNet, ICES and HELCOM. SeaDataNet is
somewhat behind the EMODnet physics, too. We downloaded the available dataset and for phytoplankton,
asked also from local institutes fodditional data. Sea ice data was downloaded from published source
and insttutes (FMI, SMHI, IOW (book)).

The temperature and salinity data can be downloaded in OceanDatddievat (Schlitzey2015 and ODVY
software includes options to visualize some sits of the data, too. That is done in this repdithere are
longterm data made by historical observing programs which have been stopped, e.g. light house
observations, volunteer observations. These data are important for climate change researchoatttish
collected by EMODnet.

It is seen that spatial and temporal distributions of open sea data are biased and thus constructing long
time-series is possible only for some representative locations. The temporal resolution of the temperature
and salinitydata is such that episodic processes, like upwelling, may disturb the interpretation of the data

in a climatic sense. The phytoplankton dataset in the ICES/HELCOM database needs to be improved by data
providers via inlusion of more monitoring data.

In future monitoring, there is a need to guarantee the existence of some representative stations with
observation with high temporal resolution so that the annual cycles are known and sparse open sea
observations can be interpreted according to them. This dguraknt is going on with water physical
parameters when the number of autonomous profiling buoy stations is increasing. Spatial coverage of
observations of temperature and salinity is also going on as well becausdldatpare taken into use in

the BalticSea. Still, phytoplankton monitoring efforts needle increasedo fulfil the HELCOM minimum
requirements.For future phytoplanktommonitoringthe shared efforts of neighbouring countries should be
discussed.

Ice data is systematically collected in ggrvices around the Baltic Sea and after digitization of the existing
ice charts, the datasets will be adequate for different kinds of climatic analyses. The amount of ice masses
in the sea will be difficult to observe e.g. because of the ridging of iddbaoause the ice thickness is given

as a range rather than a single value. On the other hand, remote sensing methods improve the quality of
the charts and models continuously.

The 3D numerical model data is adequate both in space and time. The datanuges project is from
climatic runs of the already older version of NEMO model, and it is not clear how well the models
reproduce e.g. the salinity field. Model development is rapid, and we recommend doing climatic runs every
now and then.
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Table 6.6Data adequacy for climate change

Variable | Data | Accessibility Completeness/ Resolution Precisio| Data provider
type coverage n
Delivery Delivery | Spati | Temporal Hor. | Ver. | Temp
type time al
SST Blend | FFU FFU FFU | FFU FFU| FFU| FFU | FFU CMEMS
ed L4
Sea In-situ | FFU Unevenly distributed | Sparse in time and | FFU EMODNET,
water space ICES, HELCO
tempera | Mode | FFU FFU 2 NM, 5m, hourly | FFU CMEMS, FMI,
ture I SMHI
Sea In-situ | FFU Unevenly distributed | Sparse in time and | FFU EMODNET,
water space ICES, HELCO
salinity | Mode | FFU FFU 2 NM, 5m, hourly | FFU CMEMS, FMI,
I SMHI
Spring In-situ | FFU but lot of data Spatially unevenly In some sukbasins | FFU Often too
phytopla lacking, some of which distributed data, FFU in most too fragmental.
nkton are available on some sib-basins fragmental.
request ifyou know under sampled.
from where to ask, Often too short or
many data not easily | fragmental temporal
accessible coverage
Summer | In-situ | FFUY but lot of data Spatially unevenly In some sukbasins | FFU Often too
phytopla lacking, some of which distributed data, FFU in most too fragmental.
nkton are available on some sukbasins fragmental. Variable
request ifyou know under sampled. integrated
from where to ask, Often too short or depths!
many data not easily | fragmental temporal
accessible coverage

* FFU Fit-for-the-use

Acknowledgements are given to Inga Lips,-Aon Skjevik and MagnWenze for their inputs to the
chapter.

References
Axell, L. and Y. Liu, 20¥gplication of 3D ensemble variational data assimilation tBatic Sea reanalysis
19892013.Tellus A, 68, 24220, http://dx.doi.org/10.3402/tellusa.v68.24220

Feistel, R., Naub¢c G. and Wasmund, N. eds, 2088ate and Evolution of the Baltic Sea, 12805 Wiley,
2008.

Fu, W., J. She, and M. Dobrynin, 2012. Ay2@r reanalysis experiment in the Baltic Sea using three
dimensional variational (3DVAR) method. http://www.ocesai.net/8/827/2012/0s8-827-2012.pdf

HELCOM2015 Manual for Marine Monitoring in the COMBINE Programme of HEL@®@M.helcom.fi

HELCOM2016 COMBINE data base.HELCOM, Helsinkit{p://www.helcom.fi/baltic-seatrends/data
maps/seaenvironmentalstatus/oceanographiteasurements).

85


http://www.helcom.fi/

Baltic Sea CheckPoint Data Adequacy Rdport Date: 2016.9.15

ICES, 2016a Baltic Sea Monitoring data. - ICES, Copenhagen
(http://oce an.ices.dk/Helcom/Helcom.aspx?Modg=1

ICES 2016h ICES Oceanographic database, CTD and bottle dgtalCES, Copenhagen.
(http://ocean.ices.dk/HydChem/HydChem.aspx?plot=yes)

Lepparanta, M., Palosuo, E., Gronvall, H., Kalliosaari, S., Seind, A. and Rel@#& Phases of the ice
season in the Baltic Sea (North of latitude 57°Nrinnish Marine Researclo54 Supplement 2.

Madsen, 2009. Recent and future climatic changes in temperature, salinity, and sea level of the North Sea
and the Baltic Se#&hD thesis, Copenhagen University 2009.
http://www.nbi.ku.dk/english/research/phd_theses/phd_theses 2009/kristine _skovdamadsen/kristin
e_skovgaard madsen.pdf

Palosuo, E. 1952 Treatise on Severe Ice Conditions in the Central Ballierentutk. lait. julk156.

SeaDataNet, 2015 Baltic Sea - Temperature and salinity observation collection V2.
http://doi.org/10.12770/1610aa4404364b53b22098e10f17a2d4

Seing, A., E. Palosuo, 1996e classification of the maximum annual extent of ice cover in the Baltic Sea
1720¢ 1995, Meri¢ Report Seriesf the Finnish Institute dflarine Research, No. 27,-P4.

Schlitzer, R., Ocean Data View, http://odv.awi.de, 2015.

SHARKWEBttp://www.smhi.se/klimatdat/oceanografi/havsmiljodata/marinailjoovervakningsdata

SMHI and FIMRL982. Climatological Ice Atlas for the Baltic Sea, Kattegatt, Skagerrak and Lake Véanern
(19631979). Swedish Meteorological and Hydrological Institute, Norrkdping, Sweden, InsfitMarine
Research, Helsinki, Finland.

Tian T, Boberg F, Christensen O, Christensen J, She J, Vil#@a3TResolved complex coastlines and
landgsea contrasts in a higtesolution regional climate model: a comparative study using prescribed and
modelled $Ts. Tellus A 65. doi:10.3402/ tellusa.v65i0.19951

Tian T, J, Su, F. Boberg, S. Yang and T. Schmith, 2016. Estimating uncertainty caused by ocean heat
transport to the North Sea: @eriments downscaling EEarth. Clim. Dyn.46(1), 99¢110.
http://link.springer.com/article/10.1007/s00382152571-8

Witting, R. 1912 Zusammenfassende Ubersicht der Hydrographie des Bottnischen und Finnischen
Meerbusens und der Nordlichen Ostsee natgn Untersuchungen bis Ende 19X0Soc.Scient Fenn.,
Finlandische Hydrographts@iologische Untersuchungen 7.

86


http://www.nbi.ku.dk/english/research/phd_theses/phd_theses_2009/kristine_skovgaard_madsen/kristine_skovgaard_madsen.pdf
http://www.nbi.ku.dk/english/research/phd_theses/phd_theses_2009/kristine_skovgaard_madsen/kristine_skovgaard_madsen.pdf
http://doi.org/10.12770/1610aa44-0436-4b53-b220-98e10f17a2d4
http://www.smhi.se/klimatdata/oceanografi/havsmiljodata/marina-miljoovervakningsdata
http://link.springer.com/article/10.1007/s00382-015-2571-8

Baltic Sea CheckPoint Data Adequacy Rdport Date: 2016.9.15

7 Data adequacy for coastal protection

7.1 Introduction

The objective of thepplication isto establish time series of loAgrm sea level variion (in 1@yr scale)

and sediment balancper Baltic Sea coastal stretcfhe objective of determining past sea level change and
variability for all stretches of the Baltic Sea coastline is to allow assessment of environmental and social
impacts and congpiences of future sea level rise. This includes coastal erosion and risk of flooding, and
planning of coastal structures.

Methods used in sea level study is to reconstruct 100 year sea level variation in the Baltic Sea coast by
integratedin-situ tidal gauge data, modelled sea level and land risea #vel records for tide gauges in the
Scandinavian region consist of signals of both hydrodynamic change as well as land rise. Number of tidal
gauge stations is less than 20 with records longer than 100 yieapsder to reconstruct the longerm sea

level in the coastal region where tidal gauges are not available, a regression model is established by using
relativein-situ sea level data and model reanalysis, to reflect the relationship between the two dsitase

Local reference level has been corrected so that data from different stationbe@ompared with model
data.Independent validation on the reconstructed sea level time series was carried out

Methods used in sediment balance stuiyto use sea levedata derived in the projectogether with
national coastal monitoring datdo evaluate the changes to the dry beach based on the hindcast of
divergence and convergence of waggven longshore sediment transport. A complementary estimate for
the budget ¢ underwater sediment volume in the active beach profile will be obtained by combining
inverse Bruun Rule, numerically evaluated closure depth, location of coastline and hindcast or forecast of
sea level. The results will be validated at selected locaijBesakila Beach, Pirita Beach in Estonia) against
similar estimates derived from emerging technique of aerial laser scanning measurements and merged with
the database of results of national coastal monitoring activities from Germany, Poland, Latvithaadii

The outputs from the application in the project are i) spread sbaet digital datasetof average annual
sealevel rise per stretch of coast (absolute and relative to the land) and@o50 and 100yr; igpread
sheet and digital datasetof average annual sediment balance (mass gained or lost per stretch of coast)
for a multidecadal period.

7.2 Data usage and data requirement

The key variables used in coastal protections are sea level, coastal wave height and period, coastline
evolution, sedment and lithology, land rise, geoid change due to land rise, digital elevation maps of the
coastal zone, and foreshore/backshore evolutidgror phasd DAR, only the data adequacy for the
reconstruction of sea level time series is assessed. Adequadhenfyariables will be assessed in the DAR

Il.

The land rise model used in this study is the Milne model, whiah aspecialrelativistic cosmological
model proposed byEdward Arthur Milng1935). GPS observations were used to correct the mddeé
gauges measure sea level changdatiee to the land on which théde gauge rests. By itself, a tide gauge
cannot tell the difference between local cruktaotion and sea level changddhe absolute sea level can be
obtained by extracting the land rise from the observed tidal gauge data (relative sea I&Ehear time
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series of monthly mean relative and absolute sea level for all parts of the Baltich&ea been
reconstructed to allow trend calculations, by using the statistical regression model described above. Once
constructed, the only Input to the regression model is the land rise model (to convert between relative and
absolute sea level) and tideagge dataAmong all the 34 tidal gauge stations with data in 12084, only

7 stations were used for establishing the regression model (marked in Fig. 7.1 as black). The rest of the
stations are used as independent source for
model validation. The reddl are shown in
Fig. 7.1. The results show that, the
correlation coefficients between the
reconstructed data and observations are
between 0.850.95 for the transition waters
but greater han 0.95 in rest of the areas.

66°y 100

195

Figure 7.1. Correlation between the 7N ' 4 o
reconstructed monthly mean sea level and
observations. Stations in black are those .,
which observations have been used to
construct the regression model.
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The preliminary results of the trends of absolute and relative sea level rise are obtained by hesing t
reconstructed time series and land rise data. The results are shown in Fig. 7.2.

30°E

Figure 7.2Trends of absolute (left) and relative (right) sea level rise during-2018.

The sea level trend analysis combines measurements of celingyseadvel observational records from
selected tide gauges with model reanalysis of the sea level to produce sea level information for all parts of
the Baltic Sea. To assess the separate effects of sea level rise and land rise, accurate information on land
rise especially from glacial isostatic adjustments is essential in the Baltic Sea region, as the land rise signal
varies throughout the region. The land rise is larger than past sea level rise in the northern part of the
region, resulting in apparent sea lev&dll. Remote sensing complements this method of sea level
reconstruction and allows independent assessment of the epater sea level variability during the
satellite altimetry era (1992, present). At the same time, the combined tide gaupgesanalysis radel
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product is highly suitable for validating the quality of the satellite data in more coastal regioasesults
of in-situ datausage andequirement assesaent are summarized in Tabs. 7.1 and 7.2.

Table7.1. Data usage of sea level for coastal protection

Variable Data type | Usage
Land rise and | Model For estimating land rise correction of sea level reconstruction
geoid change | In-situ Obs.
Sea level In-situ Obs. | Model/RS validation, regression mdder sea level reconstruction;
estimating closure depth
Model Regression model for sea level reconstruction, estimating closure de

Table7.2. Data requirements for coastal protection

Variable | Data Accessibility Completeness/ Resolution Precision
type coverage
Delivery | Delivery| Spatial | Temporal Hor/Ver/Temp.
type time
Land rise | Model | Delayed | N/A Global | Stationary | H:10 km 0.5 mm/
and geoid , open, T:Single Y
change free
Obs. Months- | Bdtic >10 yr H: 100km 0.2 mm/
years T:Monthly-yearly yr
Sea level | Obs. Selected| 100yr H: 10200 km 0.01m
Baltic alongshore
Sea sites T:Monthly
Model Baltic >20yr H:10km ~0.05m
Sea T:Monthly

7.3 Data availability and data adequacy
The adequacy of selevel 5 assessedh this section by combining model, remote sensing amditu
measurementsThe Baltic Sea is one of the best monitored areas of the world when it comes to sea level,
but the coverage of the last century does not include all stretcHethe coast. Here, 3 data sources are
combined to provide this coveraghk-situ tide gauge observations, model reanalysis and satellite altimetry

observationsThe data availability and adequacy are summarized in Tabs. 7.3 and 7.4.

7.2.1 Tide gauge observations
The EMODNET physics database includes near real time (NRT) hourly sea level observations as a parameter
and delayed mode monthly and annual mean sea level observationstfiefermanent Service for Mean

Sea Leve{PSMSLjlatabaseas a productMany long records of tide gauge observations exist from the

Baltic Sea. For this study, 59 tide gauges with unigue records with at least 49 years of data after year 1900
have been identified fronthe PSMSldataset (Fig. 7.3, and supplemented with 4 stationsofn the

Estonian coast, made available from the Estonian Environmental Agemey. the overall data coverage is
good.However, the stations are not evenly distributed and especially seatitern stretches of coastline

0 vy BalticséaReSel statopsa@ S & @

lack coverage of high quality digiéd dataS a LISOA I £ f &
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also included in theNRT sea level parameteHowever, many stations from Lithuania, Poland and

Kaliningrad Oblasire still missing(Fig. 7.3 left) The period of thd&NRTdata is from 1960 and onwardsijth
many records starting later.

To calculate trends of the combined effects of sea level rise and general land rise from sea level itecords,

is mandatory to adjust for small vertical movements of the station by referring all data to a local reference
level. This has been done for all PSMSL data in EMODNET, but not for the NRT sea level parameter. To
further calculate the sea level rise withibland rise effects (the absolute sea level rise), the land rise of the

local benchmark must also be known.

It is recommended that i) EMODNET should expand its sea level database for the Baltic Sea to include as
many as possible stations from Poland amtiuania; ii) Some historical data may be recorded in paper,
therefore will need digitization; iiifhe gap between the NRT parameter and the PSMSL product is bridged

by providing a research quality sea level parameter with hourly data and consistentlynanthannual

means, anddcal reference levelorrections applied (following PSMSL standarig)The network of high

guality tide gauges is maintained throughout the region.
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Figure7.3. Baltic sea level stations from EMODNihVScs (left) and sea level stations with long records

used in the present study (right, red: PSMSL stations, blue: Estonian stations)

7.2.2 Sea level from models

Several reangkis products of the Baltigea level exist. For this study, two reanalysis potsliboth based

on hydrodynamic modelling with the HBu et al. 20124nd HIROMBAXxell and Liu, 2016hodels have

been compared. These models have been used for operational forecasting and therefore have been
calibrated regularly both for normal conditis and extreme events. The HIROMB odearreanalysis is
available in CMEMS with 5.5 km horizontal resolution for the period of -2884, while the HBMbased
reanalysis covers year 192012 and is available from DMI. Validation performed within thiglgtshow

that both model systems sufficiently resemble the observed long term variability of the seavidvebot-
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meartsquareerror around 67cm and correlation of 0.88.88. Noneof the simulations include effects of
land rise and longerm external sa level variability and risdt is recommended that future ocedce
reanalysis products for the Baltic Sea accurately include effects of external sea level variability and land rise.

7.2.3 Remote sensing of sea level using satellite altimetry

Several dferent sea level rise products based on satellite altimetry exist. Here, we focus on the ESA sea
level CCI product, which is widely used also within Copernicus. Within this study, the variability of the
satellite product will be validated against the édesped combinedn-situ ¢ reanalysis sea level product.

The validation will assess which parts of the Baltic Sea the satellite product is useful, and especially
identifying the size of the coastal zone where the product is not optiiha. recommended #t future
satellite-based sea level rise products specifically target the coastal zone identified.

Table7.3. Data availability for coastal protection

Variable | Data type Accessibility Completeness/ Resolution Precision
coverage
Delivery | Delivery| Spatial | Tempor | Hor/Ver/Tem
type time al p.
Land rise | Model Delayed, open, free | Global Stationa | H: >10 km ~0.5 mml/yr
and geoid| (Milne) ry T: Single
change In-situ Restricted, free Selected | <30yr | H: 100500 km | 0.2 mm/yr
(DTU) Delivery irmonths | N. Europe T: Yearly
years sites
Satellite Restricted, free Global ~10 yr H: ~500 km Unknown
(DTU) Delivery in months T: Monthly
Sea level | In-situ NRT deliveryopen, | >50 19600r | Hourly 0.01 m from
EMODNET1 free stations later- instrument,
now estimated 0.05 m
from reference
level, estimated
0.5 mml/yr for
trends
In-situ Restricted, free >50 1900 Monthly 0.0lmand 0.2
PSMSL/ | Delivery irmonths | stations | now mm/yr for trends
EMODNET years
In-situ On requestfree 4 stations | ~1950- | Monthly Estimatedd.06 m
EMI delivery in nonths- now from reference
years level and 0.5
mm/yr for trends
Model Open, freedelivery | Baltic Sea| >20yr H: 10km ~0.05m
CMEMS | in monthsyears T:Monthly

7.4 Conclusions and recommendations
This stidy shows that, by integrating-situ and satellite observations together with land rise and 3D ocean
models, the long (100 year), monthly time series of both absolute and relative sea level can be
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reconstructed with reasonable quality, for identifyingtids of the sea level rise. In general, existing data
availability fit for the purpose of use although somsuescan still be improved.

Forin-situ observations, it is recommended that i) EMODNET should expand its sea level database for the
Baltic Sedo include as many as possible stations from Poland and Lithuania; ii) Some historical data may be
recorded in paper, therefore will need digitization; iii) The gap between the NRT parameter and the PSMSL
product is bridged by providing a research quatiga level parameter with hourly data and consistent
monthly and annual means, and local reference level corrections applied (following PSMSL standards); iv)
The network of high quality tide gauges is maintained throughout the region.

For modelled sea levelt is recommended that future ocedne reanalysis products for the Baltic Sea
accurately include effects of external seadewariability and land riseFor satellite sea level, it is
recommended that future satellitbased sea level rise products sjfeally target the coastal zone
identified.

Table7.4 Data adequacy for coastal protection

Variable | Datatype| Accessibility Completeness/ Resolution Precision
coverage
Delivery Spatioemporal Hor./Ver/Temp
type/time
Land rise | Model FFU* FFU FFU FFU
and geoid| |n-situ FFU but data | FFU Acceptable FFU
change | (DTU) are restricted
Satellite | FFU FFU FFU FFU
(DTL)
Sea level | In-situ FFU Need longterm data | FFU FFU
NRT in SE Baltic coast
EMODNET
In-situ FFU Too short temp. Some coastal | Info needed on
P3ASL/ coverage sections lack reference level
EMODNET data
In-situ FFUout some | FFU FFU Info needed on
Non data on reference level and
EMODNET request guality control
Model FFU FFU FFU Ok, info neededn
CMEMS reference level
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8 Data adequacy for fisheries management

8.1 Introduction
Ly GKS . Fft4GdAO0 {SI /KSOJLRAY(l LINR2SOG:> i Ktifesesh a KS NJ
of whole seabasin of;

1 Mass and number of landings of fish by species and year.
1 Mass and number of discards and bycatch (of fish, mammals, and seabirds) by species and year.

The produced tables will be based on data from before and after the Dalec@mh Regulation came into
force. The timeseries will be as long as possible for each considered species. The final aim is to provide an
overall picture of the trends over the years of landingcdrd and bycatch by species.

The main target species commercial fisheries in the Baltic Sea are cod, herring and sprat. These constitute
about 95% of the total catch. Other target fish species in the Baltic region having local economic importance
include salmon, plaice, flounder, dab, brill, turbot, pjerch, pike, perch, vendace, whitefish, eel and-sea
trout. In the Kattegat, ammercially important species includele and\Nephrops

The fisheries for cod, sprat, herring, flatfish and salmon in the Baltic Sea are internatinaafged Most

of the wmastal fish species are subject to national regulations. The major management measure in
internationally regulated fisheries is annualofel Allowable Catch (TAC)However, not all stocks are
regulated byusing theTAC, some stocks are only regulated by mum landing size (flounder, brill, turbot)
Until 2015, TAC has only been applied for commercial landirggsthe quotas before 2015 were landing
quotas, not the catch quotasince 2015the EU Landing Obligation is in place in the Balti¢ \Begh ains

at reducing discards of quota spec{&C, 2014) andings obligation was implemented for sprat, herring, cod
and salmon in January 2015 and for plaice it is intended to be implemented in 2017.

Technical measures such as restrictions for minimum lasdgize, mesh size of gears, closed areas and
seasons and effort regulations are commonly applied for both internationally and nationally regulated
fisheries. These measures are intended to additionally protect the target species or reduce bycatch of
unwanted fish species as wel anarine mammals and séxrds.

Data on fisheries are currently collectbyg Member Statesinder theEU datacollection frameworkprogram

(EC, 2008)Fisheries catch of a species within a management asekey information for fisheries
management. For stocks for which quotas are in place, fisheries landings are directly regulated by fisheries
management. Also, fisheries catch data provide key information for assessing the status of fish stocks, by
representing removals from theatk by fisheries. The quality of catch data is therefore of major importance

for sustainable management of fish resources. Further, information on the amount of bycatch provides
information on the efficiency of management measures in minimizing the fesheelated mortality of non
commercial fish specieg marine mammals and seabirds.

The objective of this report for Fisheries management Challengeigetdify adequacy oéxisting Baltic Sea
fisherymonitoring data for establishing tienseries of wholeseabasin of nass and number of landingsd
discardsof fishandbycatch of mammals, and seabirolg species and year

8.2 Data usage and data requirement
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The main data sources for these variables have been identifiBS@P Literature Review Repdwditonal
fisheries related variables relevant in the context of fisheries managetmeinnot covered in this section,
such as fishing effort, are addressed under Fgplimpact challenge (Chapter 9).

8.2.2 Use of key variables for fisheries management

8.2.2.1 Mass of fisheries landings

Fisheries landings are generaigcordedin mass (tons), except for salmon which are reported in numbers.
Landings statistics is therefore usually available in weight units, and provide information on the amount of
fish removds from the sea that is landed. Temporal development in fisheries landings, together with an
index of stock dynamics, provides an estimate of changes in exploitation intensity, which is key information
for fisheries management to facilitatgpropriate mamgement actions.

For the species and stocks where the amount of landings to be taken is regulated by quotas, landings
statistics allows monitoring the correspondence between management regulations and the actual level of
fishing. Further, in datéimited situations where additional information on a fish stock is not available,
development in fisheries landings can provide an indication of the status of a particular stock (ICES 2012). In
a more datarich situation, i.e. for stocks for which a full quantitet stock assessment is conducted,
fisheries landings are used directly as input to stock assessment models to evaluate the status of fish stocks.
Resulting stock assessment outputs in terms of stock size and fishing mortality are then in turn usesl as basi
for fisheries management advice. Fisheries landings thereby provide central informatiofistieries
management cycle.

Fisheries management measures are generally directed towards commercial fisheries. In addition to
commercial fisheries, in some casassubstantial part of total landings of a fish stocks are taken by
recreational fishermen. In the context of evaluating the status of a fish stock and conducting stock
assessments for management purposes, it is important to take into account also thelyatecreational
fisheries. This is in order to get reliable estimates of stock dynamics, where all removals from the stock
should be accounted for. Also, in cases where landings by recreational fisheries are substantial, these need
to be taken into accont in fisheries management, including addressing issues such as resource allocation
between commercial and recreational fishermen (Strehlow gRéi12).

8.2.2.2 Fisheries landings in numbers

For most species, fisheries landings are recorded in massishvetiés management regulations providing
catch options are also operating with weight units. An exception in the Baltic Sea is salmon, where the
allowable catch and catch statistics are provided in numbers of individuals.

However, for stocks with an alyéical assessment, landings in numbers are needed as input to stock
assessments to evaluate the status of the stocks. The estimation procedures in quantitative bygth

based stock assessment models are operating with numbers of individuals, tfdinervith mass. Therefore,
landings in weight need to be converted to landings in numbers, using samples of length/age structure and
mean body weight of the fish. Stock assessments provide estimates of stock size in numbers of individuals
and fishing mortéties that are calculated based on numbers of fish in different ytasses. The numbers of
individuals in the stock are then translated into biomass that is used as an indicator for stock size. However,
the underlying calculations, including the catgttions provided for fisheries management advice are based

on numbers of individuals. Landings in numbers are therefore essential information for stock assessment
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and fisheries management advice, for stocks for which full analytical assessments are coanBoctstocks

with no analytical assessment, biological information for landings (i.e. length/age structure and mean body
weight of fish) that are the basis for deriving landings in numbers, still provide important information in the
context of fisheries mnagement.

8.2.2.3 Fishdiscards in mass and in numbers

Discards are fisheries catch that is not retained on board of commercial fishing vessel but is returned to the
sea. The fish which are discarded represent an unwanted part of the catch, consistingnudrketable
species, individuals which are below minimum landing size, fish that has a lower marketable value than the
target species or size or belong to species which fishermen are not allowed to land, &censiue to quota
restrictions.

In the Bdic Sea, among the species that are regulated by catch limits, discards are an issue for cod and
plaice. In addition, substantial discardsrafn-quota regulated flatfish species, such as flounder occur. The
discards of salmon in the Baltic Sea are consitflevery small, and discards of herring and sprat are
negligible.In the Baltic Sea the EU discard ban was implemented for sprat, herring, cod and salmon in
January 2015 and plaice is intended to be covered from 2017 onwidaisquota regulated and bycaltc
species and fish offal can be still discarded after the introduction of a Landing Obligation.

From a fish stock assessment and fisheries management perspective, it is reétecansiderwhether the
discarded individualare likely tosurvive or will @. Discards representing mortality need to be included in
stock assessment to get reliable estimates of stock dynamics and exploitation intensity. Discards in weight
contribute to the total amount of removals from the stock taken by fisheries which entako account in
fisheries management when setting fishing quotas. Discards in numbers of individuals are included in catch
input data into analytical stock assessments, similarly to landings in numbers. Information on discards is
thereby contributing tareliable assessments of stock status and appropriate management measures.

8.2.2.4 Bycatchof marine mammals and seabirds

The species of marine mammals where incidental bycatch in fishing gear is of concern include harbour
porpoises and sealHELCOIM2015). The bycatch risk is highest in various types of gillnets. For seals, in
addition to gillnets, fykenets are also of concern (Vanhatalo et, @014). Concerning seabirds, fishery
bycatch is a high pressure to lotajled duck, scoters and some othseabird species (HELCQIZ015).
Bycatch in gillnet fisheries can in certain places result in highnbadality, especially in areas with high
concentrations of resting, moulting or wintering seabifdydelis et a).2009, 2013Bellebaum et a)2012)

Marine mammals andeabirds areincluded in several policy documents aiming for their protect®eabirds

are included in EU Bird directive (1978pgreement on the Conservation of Small Cetaceans of the Baltic,
North East Atlantic, Irish and North SeasSCOBANS) aims to achieve and maintain a favourable
conservation status of small cetaceariBhe EU Habitats Directive lists harbour porpoise as a strictly
protected species (Anne, IV), meaning that the species requires strict protection. The three sgaadies
(grey seal, harbour seal and ringed sea listed in Annex Il, meaning that they are to be protected by the
means of the Natura 2000 network (HELCQBL5).

One of the ecological objectivesinthelr f G A0 { Sl 1 OGA2Y tEAYYH . LT t DLISGA 9
includes a target that the bgatch of harbour porpoises, seals asekbirds should be significantly reduced
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with the aim to reach bycatch rates close to zdBycatch of marine mammals and seabirdsng of the
core indicatosin HELCONh the context of measuring Good Environmental Status (HEL C@ig).

Potential measures to reduce bycatch include avoiding use of specific fishing gears with high bycatch rates

(Bellebaum et al. 2012); specific design and modifications to fighéag (Dagys et al2009) or spatieo

temporal fishing restrictions in areas and seasons with high bycatch rates. To evaluate the status of bycatch
and design appropriate management measures including measuring the progress towards the goal of

minimizing byatch requires consistent and reliable data on the amount of bycatch.

Table8.1. Data requirements foFisheries Management

Variable Data type | Accessibility Completeness/ coverage | Resolution Precision

Delivery | Delivery | Spatial Temporal Hor. Temp.

type time
Mass of Official Delayed/ | Months | Manage | Min. 510 Min. Min. tons
landings | statistics | open ment years, managemen | annual
of fish area of a | preferably t area of a
species stock longer stock
Landings | Official Delayed/ | Months | Manage | Min. 510 Min. Min. Numbers
of fish statistics open/on ment years, managemen | annual | (thousands)
species in | combined | request area of a | preferably t area of a
numbers | with stock longer stock

monitoring
Mass of Monitoring | Delayed/ | Months | Manage | Min. a year, Min. Min. tons
discards of open/on ment preferably managemen | annual
fish request area of a | longer t area of a
species stock stock
Numbers | Monitoring | Delayed/ | Months | Manage | Min. a year, Min. Min. Numbers
of discards open/on ment preferably managemen | annual | (thousands)
of fish request area of a | longer t area of a
species stock stock
Bycatch of | Monitoring | Delayed/ | A year Populati | Min. a year Min. Season | numbers
marine on on distribution | al
mammals request distributi area of the
on area population

Bycatch of | Monitoring | Delayed/ | A year Populati | Min. a year Min. Season | numbers
seabirds on on distribution | al

request distributi area of the

on area population

8.2.3 Spatiotemporal requirements

8.2.3.1 Spatial coverage and resolution

The Baltic Sea is divided in several-8ivisions (seéig.8.1), which are used to define fish stock assessment

and management units. For quegpecies, TAGEe set bythesemanagement areas, whidefinitionsdiffer

by species For example, @d is managed in three units, i.e. eastern and western Baltic cod and cbeé in t
Kattegat that correspond to ICES Subdivisions3252224 and 21, respectivel\Sprat is managed as one
unit in the Baltic SeéSD 2232)and the sprat found in Kattegat is managed together with sprat in Skagerrak.
Herring is managed by five differennits, i.e. central Baltic SE&Ds 2829), Gulf of Riga, Bothnian Bay,
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Bothnian Sea and western Baltic herring inchgdKattegat and Skagerrakn some cases there is a
discrepancy between the fisheries management unit for which TACs are set and ttiteutiis area of a

biological stock which status is assessed in ICES providing a basis for scientific advice on TAC. This is for
example the case for cod, where both eastern and western stock are fished in SD 24, which belongs to the
management area of watern Baltic colICE2016). For plaice, management is conducted by the areas of SD
22-32 and SD 21, in contrast to biological stock units that cover $13 ahd 2432.

The spatial units used for fisheries management or fish stock assessment defirspdtial units and the

most coarse spatial resolution for which fisheries landings and discard data should, as a minimum, be

available, to be useful for fisheries management purposes. Data on a finer spatial resolution (e.g. by ICES
rectangles) are not ragred for setting total annual catch limits. However, data on finer spatial resolution

are relevant for other management measures, such as defining closed areas, or evaluating fishing impacts at
local scales (see Fishing Impact challenge). Landings aradddisare supposed to represent total removals

from the stock or from a given management unit, thus all landings and discards taken in a given area should
be recorded to get reliable estimates of total catch fisheries management purposes.

The bycatch b marine mammals and seabirds is

2 od
};ﬁ;},f/ﬁ ‘%31 evaluated in HELCOM using HELCOM assessment scale 2
».::’"}.‘?5 ’(" e which consists of 17 Baltic Sea swdsins. On the one
jf ] e ﬁf};’ hand the situation of bycatch needs be assessed on a
: ‘*f‘f i FINL A Scale that allows for identification of problem areas
¥ = Y where actions should be taken (e.g. within the MSFD
Eotay é ! framework), but on the other hand take into account the
P 4:' high mobility of marine mammals argkairds, and the
8 ’“a;‘ @iyﬁgg . ”;l.;'-'#””"‘"{f.w‘ distributional range of these populations (HELCOM
) _é)‘?,, 2,9' ' m",m ~ 2015).For example, in the case of the harbour poise,
‘;r*"".’;\ o “'»"‘"“ff-“.\,.»r,.\ two management units exist) the population of the
o Y [ ¥ Western Baltic, Belt Seas and Kattegat @nthe Baltic
X I /728 [ Proper populationHowever, b be able to relate bycatch

éﬁ;&;f“; 21 g 4 Lavia | o both fishing effort and abundance of mammals and
mL.Nf’;.;,,?*z__,,‘,,,r,;j;;;'s‘ bt t?lrd.s, monitoring of occurrer@ of bycatch angl relateq

y LW A Jh_urnuania fishing effort need to be carried out on a fine spatial
o S a5 e scale (HELCOM 2015).

By

H llll|‘-‘l’l’l’jl
Figure 81. ICES Subdivisions in the Baltic Sea used to define fishranegyement areas.

8.2.3.2 Temporal coverage and resolution

Fisheries managementsually operates on an annual basis. Thus, yearly data on different catch components
(landings and discards) are required to update evaluations of fish stock status and provide catch
opportunities for a coming year. A higher temporal resolution of catda dquarterly, monthly) would be
necessary in the context of other management measures, such as seasonal closures, for example to evaluate
their effects on fisheries. Similarly,amitoring of bycaught marine mammals asdairds should enable the
estimation of annual ¢r seasonalif relevan) mortality from specific fisheries to be compared to the
population dynamics of theespective specietHELCOM 2015)
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To evaluate longerm changes in fisheries catch and bycatch, as long as possible time series afedata
advantageous. In fish stocks for which quantitative stock assessments are conducted where fisheries
landings and discards are essential input data, the time series should roughly not be less that ten years long
to be able to conduct a stock assessmamieferably longer. However, in order to understand the relative
importance of different drivers on fish stock dynamics, longer time series would be required to possibly
cover a variety of driver combinations and intensities. For example for Baltic malgsas of long time series

of fisheries catch statistics, combined with biological data to derive catch in numbers as input to extended
stock assessment, revealed the responses of cod to fishing as well as to-indueed trophic changes and
climate (Eeo et al. 2011). Understanding the drivers of fish population dynamics is of major importance for
making appropriate management decisions, both in sksglecies and in an ecosystem context. Long time
series of fisheries data are a prerequisite to faciitptocess understanding of fish dynamics.

8.3 Data availability and data adequacy
This section assesses the data availability and adequacy per key variable under fisheries management
challenge The results arsummarized in Tab8.2and 8.3.

8.2.1 Landings in mass

For most fish species, major part of fisheries removals are taken by commercial fisheries, and fisheries
management measures are usually only regulating the commercial part of the fisheries. Therefore, this
report is mainly focusing on the adeagy of commercial fisheries data. Additionally, for some stocks, a
substantial part of fisheries catch can be taken by recreational fishermen, and recreational catches, being
part of removals from the stock, affect fish stock status and thereby fishersgmgement. Therefore, the
adequacy of recreational catch databriefly addressed as well.

8.2.1.1 Commercial landings

For fisheries landings in the Baltic Sea, long annual time series are available. ICES (International Council for
Exploration of the S8 has been gathering and publishing fisheries landings statistics since 1904. The current
data is collected and coordinated in collaboration with Statistical Office of the European Communities
(EUROSTAT). The data sources are the national statistic@spfin some countries the collection and
compilation of fisheries statistics are handled by specialized organizafibisinformation is on a national

basis provided from logluks (in the Baltic vessels above 8 meters, and 10 meters in Kattegat) &nd sal
statistics.

The geographical breakdown of landings is according to the ICES system of subareas, divisions and
subdivisions. However, the spatial units by which the data are provided may have changed over time for
some species. The landings of both intianally and nationallyregulated fish species are included in the
database. ICES Catch Statistics dataset is updated every year.

Theresolution oflandings statisticby year andoy stock units and/or management arese¢ Figuires8.1and
8.2) is usuallysufficient for fisheries management purposeserms of setting fishing quotag\dditionally, a
finer resolution data are available, gathered by tlexpert Working Group on Fisheries Dependent
Information in EU STEQ&.g. STECF 201t6) address specifimanagement questions that may require a
finer spatial and temporal resolution of landings datde use of fisheries data, including data on fishing
effort, at a finer resolution is addressed in further details under Fishing Impact Challenge.
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Fisheries ladings statistics is supposed to record the total amount of fish landed of a given species. This is
different from many other variables for a marine system that are measured via sampling programs. Thus,
issues related to sampling design and respective rerdo not apply for landingstatistics. Another
difference between sampling programs and landing statistics is that landings statistics is census information,
at least in theory, indicating that all vessels within a given length group are reportingealllandings.
However, an important source of error that may occur in fisheries landings statistics is related to
misreporting. This can for example ben-reporting of landings of a certain species, or incorregorting of

the area where the amount dandings hae been taken. Incentives for misreporting may rigesitu stations

where quotas are restrictive, and fishermen could catch more than allowed by management regulations.
Data presented in the official landings statistics have not been corrdotedondeported landings, where

these may have occurred. In such cases the official landings statistics may differ from the data used for stock
assessment purposes in ICES where some corrections to landings may have been applied. Quantifying the
amount of misreprting is usually very difficult. In the Baltic Sean-reporting of landings has historically

been an issue for eastern Baltic cod (ICES &04.§.Fig.8.2), and is reported to occur also for salmdGES
2016). For eastern Baltic cod, the decreaseunfreported landings in recent years likely is related to a
decreasing fishing fleet and improvementfiahing control (ICES 204)6 Since the TAC has not been taken
since 2009, misreporting is considered minor problem in recent years (ICE&.Z8&6ICE estimates of
unallocated landings are generally based on anecdmtdl expert information, and are therefore uncertain
providing only a rough estimate(see e.g. ICES 2007 for description of the approaches .uSed)e
investigations suggest that misrepony of pelagic specidn the Baltic Sehas potentially occurred as well
(Hentati-Sundberget al. 2014).
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Figure 8.2. Commercial landings of cod and herring by management areas.
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Figure8.3. Comparison of reported and unallocated landings of eastaitidBcod (ICES 2016a).
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8.2.1.2 Recreational landings

For some species, a significant part of total catch is taken by recreational fisheries, for example western
Baltic cod (Strehlovet al., 2012; Eero et al. 2015) and salmon (ICES 2016b). There is |yreseofficial
statistics for the total number of recreational fishers or their catches in the Baltic and therefore this
information needs to be collected via recreational fishing surveys. Recreational data collection is associated
with a number of challeges: (i) lack of central registration of recreational fishers, (iijth@cumentation of
recreational catches (no sales slips due to prohibition of marketing catches), and (iii) recreational fishers fish
in remote and hard to access areas (iv) many pecple be involved in recreational fisheries with a low
number of fish caught per person. As a result, recreational fishing surveys are complex and difficult to
conduct. Many national surveys are still incomplete or lacking completely (ICES, 2015a). Fatieeges

arise from the inconsistency of data over time and an unclear understanding of catch, which includes
harvested and released components. The ICES Working Group on Recreational Fisheries Surveys (WGRFS
role is to summarise and quality assure rextienal fishery data collected under the EU Data Collection
Framework (DGEC 199/2008 and 2010/93/EU) and cahtiegulations (EC 1224/2009).

For western Baltic cod, German recreational catches are currently included in stock assessment. Additionally,
the quality of Danish and Swedish national recreational catch sampling schemes are being evaluated by
WGRFS (ICES 2015a), though these data are not yet ready for being used in stock assessment context.
Recreational catch estimates of salmon in freshwater amakine habitats have been included in the
assessment for many years. Howeverichaestimates of the recreational salmon fishery are uncertain,
incomplete or missing for several Member States. Recreational catches of Baltic trout are known with little
acairacy and are considered underestimated (ICES, 2016b).

8.2.2 Landings in numbers

Apart from the few fish stocks where landings statistics is directly recorded in numbers of individuals
(salmon), deriving information on landings in numbers requires bicdbgiamples of landings. In order to
translate the landings in mass into numbers requires information on the size/age structure of landings and
corresponding mean weight§CES has established a range of expert groups whose primary role is to
coordinate andpromote the collection of higigjuality data based on sound scientific and statistical
procedures €.g. ICEQ013). During 2002, the ICES Planning Group on Commercial Catches, Discards and
Biological Sampling (PGCCDBS) was established to provide suppiit £U Data Collection Framerk

(DCF), focusing specifically on quality assurance of fishery sampling data and biological parameter estimates.
Additionally, Regional Coordination édtings (RCM) take place)so in the Baltic regiomywhose main
purposeis to coordinate the dataollection carried out by EU Members States (MS) in the region concerned.
Fisheries data collection is moving towaedstatisticdly sound sampling desigo improve the quality of the
samples (in terms of bias and precision)

The most important elements of desigibbased sampling are documentation of design, implementation, a
random drawlist, relevant stratification, recording of refusal rateethods to handle data gaps etc.
Statistically sound sampling programmes (Desigsed sarpling) in the Baltic Sea region have at present
time been (partly)implemented by Denmark, Sweden and Germany. Poland, Lithuania and Estonia have
made some preparatory steps to implement the dedigised sampling in the near futurkeatvia and Finland,
dueto the characteristic of their fisheries, do not consider changes to their current sampling déRigkk

Baltic 2015)
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For internationally regulated stocks for which analytical stock assessments are conducted, such as cod,
herring, sprat, flatfishes, totalandings in numbers are compiled and available from ICES reports and
Intercatch database. For nationally managed species (mostly coastal fish, e.g. perch, pikeperch, pike), the
data sampled under DCF on size/age structure and mean weight of landingsaré¢haeeded to derive
landings in numbers, are stored in Regional Database FishFndnud, ishosted and maintained by ICES

8.2.3 Discards in mass and in numbers

Under the Data Collection Framework (DCF) (CR No. 199/2008, CD 2010/93/EU) natmmzatiarbserver
programmes were designed to estimate the catch of commercial marine fisheries, including the amounts
discarded atsea. For most countries in the Baltic region, discard estimates are obtained from scientific
observers sampling catches on comuwial vessels. Since 2015 it has also been mandatory to report the
amount of discards in the logb&s, however as the value obtained from the scientific observers and the
logbook estimate are not similar, it is the information from the scientific obsentBeg are used in stock
assessments. Also the biological information on discards (size structure, mean weight of the Jish etc
based on data collected by scientific observersboard commercial fishing vesselEhese estimates are
included in many fisktock assessments, so that the contribution of discards to the fishing mortality is taken
into account in management measures. The discard sampling programs and the quality of data has been
addressed by several expert groups in ICES, suahSaisdy Groumn Practical Implementation of Discard
Sampling Plans (SGPIDS) (ICES 2013b).

In the Baltic Sea, discards are mainly an issue for cod and flatfishes. The quality of discards estimates for cod
are considered sufficient fromd96 onwardsand these data armcluded in stock assessments. For
plaice, discard estimates with sufficient quality to be included in stock assessments are

available from 2002 onwardsor flounder, the quality of discard estimates has been questioned until
recently (CES, 2014). The maroblem was very high discards, which exceed the landings or sometimes are
even 100% of the cat¢land high variability in thdiscard ratio between countries, gear types, aparters

As dscarding practicesf flounder are controlled by factors suchs market price and cod catcheSince

2014, discards haveeen estimated by a new method which raises discard rate by all demersal fish landings.
In cases when there is no discard rate available for a stratum, it is borrowed from other strata, considering
differences in discard patterns between subdivisions, countries, gear types and gqu@desequently, the
quality of discard estimates is considered improved arstdrdestimates for2015 were used ihCES advice
(2016, Bok 8).

Discards are generallyonsidered more uncertain catch component compared to landings, as the discards
are based on samples. Thus, for stocks where discards are low (e.g. western Baltic cod), uncertainties in
discards are less of an issue for fisheries management, compareddisstith high amounts of discards,

such as Kattegat cod, where discards are estimated to exceed lan#igg’.4). Further, dscard estimates

for speciesunder the new landing obligation may become more uncertdhrere is an incentive for the
fishermento discard the unwanted catcbf a trip as landing of loweralue unwanted catch is discounted

from the quota of the vessels a consequence, the level of refusal of observers by the skipperbartagh

(e.g. for cod in 2015, ICES 2016a) and evenadbaarver is onboardhe sampled fishing trip may be biased

due to changed behavior compared to trips with no observer onboard (RCM Baltic 2015).
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Figure8.4. Estimates of discards (Denmark and
Sweden combinedjpr Kattegat coccompared
to reported landngs (CEQ016a).
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Until 2017 it has not been mandatory in tmational discard/bycatch monitoring programmes carried out
under the EU data collection framework (D&F3amplemarine mammal and bird bycatches. EU Regulation
812/2004 (European Commission 2004) obliges Member States to monitor cetacean bycatch in gillnets.
However,mainly largervessels are covered by the observer programme and the majority of Baltic gillnet
fisheries is carried out by small vessels, whererthle of bycatchfor mammals and birds can be higiCES

201%). ICES collates information on bycatch under the Working Group on Bycatch of Protected Species
(WGBYC), which has resulted in the development of WGBYC database that currently stores data on
dedcated monitoring effort and bycatch of cetaceans as reported to the European Commission by member
states under the Regulation 812/2004. Information on bycatch on other species, such as sesebadd is
sporadic andscarce

A significant limitation irevaluating the magnitude of bycatch mortality since the implementation of Council
Regulation No 812/2004 is not having an accurate estimate or census of total fishing effort. Potential
significant sources of uncertainty in bycatch rates include missing dad different monitoring duties

among regions. Measures of uncertainty are generally not reported in the Reg. 812 MS reports. As a result it
Ad y20 LRaaAirotsS (2 LINBLISNIe& |aasSaa AT | LI NByd a
unknovn how much variability is associated with each of the point estimates (ICEB)2015

It has been estimated that a minimum of 300 grey seals, 80 ringed sealg@&hdrborseals annually drown

as bycatch in the Baltic Sea (Korpinen & Brager 2013). A daidy suggests that around 212380

individual seals were bycaught in 2012, probably representing at least 90% of the total bycatch in the whole
Baltic Sea (Vanhatalo et al. 2014CES report from WGBYC expert group (ICES 2015b) includes some
estimates @ harborporpoisebycatch.A rough estimaten seabirds suggestsat 100,000200,000sedirds
RNRgyYyAYy3I Fyydzrffte Ay (GKS b2NIK FyR . IFfGAO {SlFaz 21
al. 2009, 2013, Bellebaum et al. 2012). Locally, bycatch rates have decreased during the last two decades,
likely as a result of declineabundance of winteringeairds (Bellebaum et al. 2012

Lack of regular consistent monitoring data on bycatch prevents proper assessment of the trends in the
bycatch rates, and also evaluating the level of mortality due to bycatch in relation to thet @rgeaching
Good Environmental Status (GES) for marine mammalseghitds (HELCOM 2015).
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8.4 Conclusions and re commendations
The data on fisheries landings in mass is recorded as official fisheries statistics; the data are generally
available and adagpte, issues related to misreporting may occasionally occur.

Landings in numbers are derived by combining official fisheries statistics with regular monitoring data on
fisheries catch that records size structure of the catch of a species and mean weitg fi$hes.EU
recently adopted the multiannual Union programme for data collection which requires to collect the data on
incidental bycatches of birds, mammals, reptiles and fifhe data are needed for stocks for which
analytical stock assessments arenducted and the data are considered adequate when used in stock
assessment; monitoring programs are fdijto continuous improvements.

Information on discards is collected via observer programs. Discards are generally considered more
uncertain catch camponent compared to landings. The data are considered of acceptable quality when used

in stock assessments, for some fish stocks a time series of discards of acceptable quality are available, for
others, data are consideremblequate for only latest years.

There is no regular monitoring on bycatch, osppradicdata from scientific ad pilot studies exist.

Table 8.2Data availability foFisheries Management

Variable Data type | Accessibilitf Completeness/ Resolution Precision | Data
y coverage provider
Delivery | Spatial Temporal | Hor. Temp.
typeltime
Mass of Official Open, Manage | >10years | Managemen| Annual Tons National
landings of statistics delayed in | ment tarea of a (partly statistical
fish species months area of a stock (partly | quarterly officials;
stock SD, ICES ) EUROST/
square) T; ICES
Landings of | Official Open/on >10 years, | Managemen | Annual Numbers | National
fish species in| statistics+ | request, where tarea of a (partly (thousan | fisheries
numbers monitoring | delayed in available | stock (partly | quarterly | ds) labs;
months by SD) ) ICES;
Mass of Monitoring Varies by | Managemen Tons STECF
discards of species tarea of a
fish species stock
Numbers of Monitoring Varies by | Managemen Numbers
discards of species tarea of a (thousan
fish species stock ds)
Byatch of Monitoring | Oper/on sporadic | Sporadic | sporadic sporadic National
marine request, labs;
mammals irregularly compiled
Bycatch of Monitoring | updated sporadic | Sporadic | sporadic sporadic in ICES,
seabirds HELCOM
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Table 8.3Dataadequacyfor Fiskeries Management

Date: 2016.9.15

Variable Data Accessibility Completeness/ Resolution Precision Data
type coverage provider
Deliver | Delivery | Spati | Tempora| Hor. | Temp
y type time al I
Mass of | Official Adequate; Generally FFU* FFU | Generally National
landings | statistics | webpages adequate adequate, statistical
of fish issues with officials;
species misreporting EUROST/
may occur for | T; ICES
some stocks
Landings| Official Adequate, where | Adequate for FFU FFU | Adequate for National
of fish statistics | available; ICES stocks where stocks where fisheries
species | combine | reports relevant/available relevant/availab | labs;
in d with and used for le and used for | ICES;
numbers | monitori stock assessment] stock STECF
ng assessment;
Mass of | Monitori | Adequate, where | Adequate for FFU FFU | Adequate for National
discards | ng available; ICES stocks where stocks where fisheries
of fish reports relevant/available relevant/availab | labs;
species and used for le and used for | ICES;
stock assessment stock STECF
assessment;
Number | Monitori | Adequate, where | Adequate for FFU FFU | Adequate for National
s of ng available; ICES stocks where stocks where fisheries
discards reports relevant/available relevant/availab | labs;
of fish and used for le and used for | ICES;
speces stock assessment] stock STECF
assessment;
Bycdach | Monitori | Limited availability; | Sporadic Sooradi | spora | N/A National
of ng Access via ICES c dic labs;
marine reports , scientific compiled
mammal literature in ICES,
S HELCOM
Bycatch | Monitori | Limited availability; | Sooradic sporadi | spora | N/A National
of ng Access via ICES c dic labs;
seabirds reports ,scientific compiled
literature in ICES,
HELCOM

*FFUc Fit for the use
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9 Data adequacy for fishery impact

9.1 Introduction

Reent developments in EU fisheries policy have seen a move towards an Ecosystem Approach to Fisheries
Management, and a need to consider and better understand the dynamics of fishery impact. Aside from
the animals caught in nets (target species and bycatwhg, of the main impacts to marine ecosystems
occurs inthe form of physical disturbance to the seabdelshery typeswvhich come into contact with
seabed (benthic) systems include beam trawls, demersal seines, dredges, and otter trawls. Other forms of
demersalfishing geawsedincludegill and fyke nets, anttaps (such agots and creels however, these

impacts are considered to be minimal and not considered in the following analysis.

Fishing pressure can impact benthic ecosystems in a number of waysstifitate the scale of this
disturbance, the following aspects are typically consideredhe spatial extent of fishing activity ii) the
fishing intensityg the frequency of fishing in a given area iii) gear tgjlis may affect thedepth ofseabed
penetration or impact iv) the sensitivity of the habitat to fishing pressueey.a biogenic habitat vs mobile
sediments, and v) environmental variablesuch as depth and bottom salinity.

To assess the impact of fishing activity at regional scales, antdetet the requirements of the Marine
Strategy Framework Directive (MSFD), member states are in the process of developing various indicators
relating to biodiversity and seabed integrity. Initiatives such as BENTHIS
(http://www.benthis.eu/en/benthis.htm) have developed state of the art methods for estimating fishing
pressure on seafloor components to help meet these needs. The products form this project will represent
a benchmark for this Challenge. Batources required to estimate fishery impact are the focus of this
Challenge, and the following document outlines currently available open source data, in terms of its
accessibility, coverage and usability.

9.2 Data usage and data requirement

The aim othe Challenge ito examine a number of key variabledating tofishery impacin the BalticSea
This will include an assessment of #eailability, adequacy, and completenessdata sources fothese
variables, and the identification of adequacy for ddishing time series data an@IS based data layers.
These key variables are listed in Table Bt objective of the Challenge is to estimate ¢x¢ent of fishey
impact to the sea flooin terms of

1 The area disturbed by bottom trawling (number oftdibances per month);
i Changes in level of disturbance (over the past ten years)
1 Damage to the sea floor (to both living and Honng components).
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Table 9.1Data usage in Fishery Impact

Date: 2016.9.15

Variable Data type | Usage
Bottom water salinity In-situ Model/RS validation
Model Estimate salinity associated with habitats
9!' bL{ KFoAdl G&a |Blended Estimate the distribution and type of seabed habit
Habitat Directive benthic species al In-situ Provide information orendangered and vulneble
habitat species in the Baltic Sea
Bathymetry Blended Estimate the depth of habitats in the Baltic Sea
Substrate Blended Estimate the substrate composition of habitats
Near bed light intensity Blended Estimate the photic zone within the Baltic Sea
Blended Estimate the substrate types, photic zone 4q
BalticMarine Landscapes salinity within the Baltic Sea
9! bL{ KIFOAGLI Ga X Blended Estimate the distribution and type of seabed habit
Monitoring | Estimate the spatial and temporal distribution
+a{ TFT2N #Saadin fishing vessels >15m in the Baltic Sea
Monitoring | Estimate the spatial and temporal distribution
+a{ TFT2N gSaapfa fishing vessels >12m in the Baltic Sea
Monitoring | Couple with VMS data to estimate fishing actiy
and gear type for vesselgl2 (andxl5) meters. Fo
vessels ufgo 12 meters the fishing activity and ge
type can only be analysed at the scale of |
[ 236221 RIFGE T2 N rectangle
Monitoring | For vessels less than 8 meters fishing activity

National sales slip data of landings 1

vessels <8 m

gear information is only accessibleofin national
sales slips at the ICES area scale

In order tomeet the Challengeobjectives,related data will need to beopenly available and provided at
spatial and temporal resolutiancompatible with the objective§able 9.2 provides an outline of tliata
requiremens needed to meet the objectives of the Challenge.

9.3

9.3.1 Data availability

The following sections describe data availability for challenge 7 (Fishery Impacts) . This information is also
summarised in Table 9.3he key variables have been grouped and described under environmental data,
habitat data, and fisheries data foWwhere relevant, recommendations are provided in terms of future

monitoring.

Data availability and data adequacy
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Table 9.2Data requirements for Fishing Impact

Variable Acessibility Completeness/ Resolution Precision
coverage
Delivery | Delivery | Spatial | Temporal Hor. Ver. | Temp.
type time
Bottom Open, free access, Baltic No specific | Selected N/A Daly/weekly | Unspecified
water salinity | delivered within| Sea requirement | sites /monthly
(in-situ) months
Bottom Approx. 10y | Approx. 1 | N/A Dailyweekly
water salinity km x 1 km /monthly
(model)
EUNIS Open, | Updated No specific | Approx. 1 | N/A Nospecific | Habitat /
habitats level| free when new requirement | km x 1 km requirement | biotope type
Y access | data is
Habitat available Approx. 1 | N/A Annex 1
Directive km x 1 km habitat type /
benthic species
species and
habitat
Approx. 1 | N/A Meters
Bathymetry km x 1 km
Approx. 1 | N/A Sediment type
Substrate km x 1 km
Approx. 1 | N/A Photic /non
Near bed km x 1 km photic or
light intensity Secchi depth
(meters)
Approx.1 | N/A Landscape
Baltic Marine km x 1 km type
Landscapes
VMS for Within Min. 10y 1 minute x | N/A Hours /
p3Saast months 1 minute Monthly sweep areal
m (2005 ratio
2011)
VMS for Min. 10y 1 minute x | N/A Monthly Hours /
583ast 1 minute sweep  area
m (2012) ratio
Logbook data Min. 10y Min. ICES N/A Monthly Various
FT2NJ 0S5 rectangle
m
National Min. 10y Min. ICES N/A Monthly Tons
sales slip manageme
data of nt area
landings for
vessels <8 m
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Table 9.3Data availability for Fishery Impact

Date: 2016.9.15

Variable Accessibility Completeness/ Resolution Precision
cowerage
Delivery | Delivery | Spatial Tempora | Hor. Ver. Temp.
type time I
Bottom water | Open/delayedor NRT| Selected | 1960 - | Selected | Varying | hours - | Variable
salinity§n- CMEMS|CES, BOO{ Baltic present | sites months
situ) and EMODnet Sea sites
Bottom water | Open Daily Baltic 1989 ¢ | 2k.m Varying | Hourly 0.01
salinity CMEMS, BOO| Sea present daily
(model) partners
EUNIS Open, delayedvith Balltic, Update | 0.003 N/A N/A Habitat
habitats level| Periodical update, excludes | in2012 | degrees classification
Ya EMODnet Kattegat
Habitat  Dir.| Open, delayedvith Baltic Update Varying | N/A N/A Not defined
benthic Periodical update, Sea in 2009
species and HELCOM / NORDEN
habitat
Open, delayeavith Publishe | 500 m N/A N/A Varying
Periodical update, din 2013
Bathymetry BSBD/EMODNET
Open, delayedvith Lasted 1/25000 | N/A N/A Folk
Periodical update, update 0 and classification
EMODNET 2015 1/1M
Substrate scale
Near bed light| Open, delayedvith 1980 ¢ | 1km N/A N/A Photic / non
intensity Periodical update, 1998 photic
(model) HELCOM/BANCE
Open, delayed Publishe | 200 m x| N/A N/A Habitat type
Baltic Marine| update din 2007 | 200 m classification
Landscapes | in 2007 HELCOM
VMS for| Open, elayed, vial Baltic ¢ | 2009 - | 0.05 x| N/A Yearly Hours / swept
@S aaSt gdata cal Irregular| excluding| 2013 0.05 Quarterly | area ratio
(20052011) | updated. ICES Russia degree (2013
VMS for N/A only) Hours / swept
@SaasSt 3 area ratio
(2012)
Logbook data Delayed /open / on| ICES >10 onQ N/A Yearly or | Not defined
F 2 NJ @S requestaccess rectangle | years, quarterly
m EUSTECF Electron where
National saleg data annex tables available | ICES N/A Yearly or | tons
slip data of manage quarterly
landings  for ment
vessels <8 m area
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9.2.2 Environmental data

Bottom salinity

The Baltic Sea is a small and shallow samslosed sea which experiences sharp gradients in salinity, both
from west to east, but alsoertically within the water column. Average salinity can range from near open
ocean conditions in the Kattegat to near freshwater conditions in the Bay of Bothnia (0.5 psu). In what is a
predominantly brackish system, bottom water salinity is one of the tmogortant environmental
variables that influence benthic species composition and abundance.

Real time and historic data

In-situ measurements of bottom water salinity are collected from various platforms across the Baltic,
including fixed oceanagphic stations, and data collected from survey and research vessels. The data
collected are hosted by a number of providers such as ICES, HELCOM, BOOS, SMHI and EMODnet. The
data providers host data from overlapping data sources. Despite the wide coveaage
comprehensiveness of temperature data for the Baltic, the coveragm-situ bottom data water is

spatially sparse. There are few fixed sources that provide regular water profile data, and the rermaining

situ bottom salinity data is composed of datollected from research and survey vessels. In terms of the
accessibility, the data is open source and can be freely accessed. However, none of the aforementioned
providers offer an option to define, or search logta sets which contaibhottom water saiity data.

Modelled data
Models for bottom water salinity in the Baltic include GETM (General Estuarine Transport Model) and the

5alLQa

Physics  Analysis and  Forecast ] 1
accessible through CMEMS (only / {
registration wih  Copernicus is 9 S

2 LEBMIHIROMBEOCSModel) - a state-of-the-art oceanice model covering the North
Sea and Baltic region.p@n source models based on the HBM are freely available, such as the Baltic Sea

required), providing a 1 nautical mile
resolution and 2 m top layer. The
model provdes a two year hindcast,
although a longer forecast can bg
requested from CopernicusAlthough

there is variable coverage ofin-situ

bottom water salinity data, there is
adequate (openly available) modelle
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Bathymetry

Publicly available bathymetrgre availablefrom BSHC (TheaBic Sea Hydrographic Commission) and
EMOIet. The BSHC has produced a Baltic Sea Bathymetry Database (BSBD) based national contribution
of gridded bathymetry data from 50+#600m resolution covering their EEZ and territorial watérs.
addition, EMODnet Bhymetry hosts itsown dedicated mapping portalvhich provides Baltic wide
bathymetry data at 500m resolution. This portal provides a single access point to bathymetric products,
Digital Terrain Models and survey data sets, and composite DTM Ddata. souces and background
information relating to Bathymetry for the Baltic Sea are discussedore detailas part of Challenge 10
(Bathymetry). The bathymetry data provided by the EMODnet Bathymetry Portal is adequate of the
Challenge.

Near bed light intensit y

The delineation of the photic zone is a parametised inhabitat classification, such as those used by
EUSeaMap (EUNIS) and EU BALANCE (Baltic marine landscapes) projects. The spatial distribution of the
photic zone within the Baltic is provided by tB& BALANCE projgtBaltic Sea ManagemeitNature
Conservation and Sustainable Development of the Ecosystem through Spatial Planning). The dataset
contains information on light availability and is divided into photic and-pleatic bottoms (areas where

1% of available light reaches the seabed). The maps have been calculated using Secchi disc transparency
data for the Kattegat and Baltic Séhe measurements of Secchi Depth used to producing this dataset

are recognised as being lacking in areas suchaa&thf of Riga and southern Baltic, and the dataset used

for modeling was collected in 1980998. Although the spatial and temporal resolution of this data
source could be updated and improved, the data is considered adequate for the Challenge.

Habitat da ta

Habitat data and maps are used in fishery impact to describe or predict the type of seabed environment
which may be impacted by fishing activities. Abitat mapsderived fromsurveydataare costly and time
consuming to producelow resolution mapsyaR Y2 RSt & N’ dzaSR G2 ONBIGS
These maps estimate habitat in areas lacking ground truthed data, and are often refined by using water
depth, sediment type, photic levels, and salinity data, as wethadellingand statistical anakis. The
availabilityof spatially accurate habitat data is considetedbe a primary knowledge need fanproving

the understanding of seabed impacts from fishing (Kagteal, 2016).Habitat and species data which are
available for the Baltic Sea arensmarised below.

EUNIS

The EUNIS habitat classification system is afpaopean scheme for managing species, site, and habitat
information, with specific subdivision for marine habitats. The classification was developed originally by

the European Enviranent Agency (EEA), and has continued through schemes such as MESH (Mapping
9dzNRB LISFY al NARYS 1 FoAGlrGao FyR 9! {StallLl FIYyR A& RS
habitats. At present, EMODnet Seabed Habitats is responsible for the next stByiN&® classification,

and is in the process of developing the next stage of the product.
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The most recent update of EUNIS habitat mapping for the Baltic Sea was a predictive seabed habitat map
produced in 2012. The map is comprised of fourprecessed iput datasetssubstrate, biological zone,
energy andsalinity. This product is based on a modified version ofBU&IR00711 classification
system,and is displayed using:

1 the most ddailed energybased classifications predicted by the model;
1 the most detailed salinitpased classifications predicted by the modeid;
1 simplified classifications that can be compared to the equivalent maps in the Celtic, North and

western Mediterranearseas.

ap help

The production of large scal
habitat maps can be problemati
due to the variations ofoverage
and data quality used in model

new map query | metadata search

| welcome | Map Layers | Key

EUSeaMap: 2014-15 draft interim products

predictions. The Baltic, N o e
Baltic Sea (draft, 2015)
particular, has suffered from| gt es @b

B A3 6: Baltic shettered infralittoral rocks

some issuesregardingcoverage
and data confidence when
compaed to adjacent regions.
This hageen attributed topoor
data coverage (e.g. 2012 map
do not include the Kattegat area
limited biological information,
and a classification which is no
fully compatible with other
regions. The latest model is
based on ck sizes of 0.003
decimal degrees (or
approximately 167m x 333m)
and the data isfreely available

M A4 4: Battic exposed circalttoral rocks
M A4 .5: Battic moderately exposed circalittoral rocks
B A4 6: Baltic shettered circalittoral rocks
B A513: Infralittoral coarse sediment
B A5.14: Circalittoral coarse sediment
M A515: Deep circalitoral coarse sediment
[ A5.23: Infralitoral fine sand or AS.24: Infralittoral mud
AS5.25; Circalittoral fine sand or AS.26: Circalittoral mu
AS5.27: Deep circalittoral sand
W A5.33: Infralittoral sandy mud
M A5 34 Infralittoral fine mud
9 AS5.34: Infralittoral fine mud or AS.33: Infralittoral sand
AS.35: Circalttoral sandy mud
B A5.36: Circalitoral fine mud
y ' A5.36: Circalittoral fine mud or AS.35: Circalittoral san
A5.37: Deep circalittoral mud
B A5.43: Infralitoral mixed sediments
A5 44: Circalittoral mixed sediments
A5 45: Deep circalittoral mixed sediments
M infralitoral seabed
M Circalittoral Seabed
M Deep Circalittoral Seabed
M Deep Circalittoral rocks
Celtic & Greater North Seas (draft, 2015)
W A3.1: Atlantic and Mediterranean high energy infralittc
M A3.2: Atlantic and Mediterranean moderate energy inf
M A331: Sited kelp on low energy infralitoral rock with
W A4.11: Very tide-swept faunal communities on circalit
A4.12: Sponge communtties on deep circalittoral rock
A4.27: Faunal communities on deep moderate energy
I A4.2: Atlantic and Mediterranean moderate energy cir
I8 A4.31: Brachiopod and ascidian communities on circa
‘A4 .33: Faunal communities on deep low energy circal
B A5.13: Infralittoral coarse sediment
B A5.14: Circalittoral coarse sediment
B A515: Deep circalittoral coarse sediment
[ A5.23: Infralitoral fine sand or AS.24: Infralittoral mud

AS5.25: Circalittoral fine sand or A5.26: Circalittoral mu

for open use.

Figure 9.2EUNIS 2015 draft interim habitat map (final version to be released in Sbpte2016). Image
taken from EMODet Seabed Habitats

It is anticipated that the currentlgvailablemaps will be updated in September 2016. The 2016 maps will
be produced to a higher resolution and improved confidence layers available for the dataset (which
describes the underlying uncertainty in the modefdditionally, the Kattegat area will also be resolved.
The spatial resolution of the updated is expected to be roughly 250m. A draft version of the 2016 layers is

Yhttp://mww.emodnet-seabedhabitats.eu/
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currently viewable via EMODnet Seabed Habitats, but it is not available for downloadable. The adequacy
of the 2016 update will be assessed after the release in September, but the following impragezane
expected:

1 The input layers used to create the model will be improved for survey boundary artefacts,
sediment classification, overlapping sediment polygons, and previous substrate gaps.

1 Enhanced accuracy of threshold values used to determine B&llmgical zones (e.g infralittoral,
circalittoral, deep circalittoral).

1 Much improved confidence layers for the dataset, which will describe any underlying uncertainty
in the model.

Issues with EUNIS habitat mapping for the Baltic region exist dudaitkaf suitable data available for
model predictions, which therefore impacts confidence in the data layers. Habitat mapping over large
geographic regions is likely to be subject to inconsistencies in accuracy, however, the Baltic region has
been of lessequality than adjacent regions. The main issues are expected to be resolved with the latest
update of the product, scheduled in September 2016, and this will represent a significant step forward.
Due to the importance accurate habitat information for Eshimpact, it is recommended that this aspect

is prioritised and improved as much as possible using available data.

Habitat Directive (designated habitats and species)

The EU Habitat Directive was adopted to ensure the survival of endangered andabldngpecies at a
European wide level. Data sources and background information regarding habitats and species covered
by the Directive are discuss@u more detailedas part of Challenge 2 (Marine Protected Areas). Annex |
habitat types which occur withithe Baltic region, and which have the potential to overlap fishing
activities include:

1110 Sandbanks which are slightly covered by seawater all the time
1130 Estuaries

1140 Mudflats and sand flats not covered by seawater at low tide
1150 Coastal lagoons

1160 Large shallow inlets and bays

1170 Reefs

1180 Submarine structures made by leaking gas

1610 Baltic esker islands with sandy, rocky and shingle beach vegetation and sublittoral
vegetation

1620 Boreal Baltic islets and small islands

9 1650 Boreal Balticarrow inlets

=A =4 =4 4 -4 4 -8 4

=
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@ Baltic Sea data and map service g

= ® o @

Provided by HELCOM

Figure 9.3Location of Natura 2000 areas in the Baltic Sea. Image from the HELCOM Biodiversity Data and
Maps Servic¥

The location of Natura 2000 are@shich these features are contained within)the Balticcan be viewed

by HELCOM! Dat and Maps ServicgFigure 9.3)The9 dzNR LISy / 2YYA aaAz2yaa bl Gdz
displays the location of these areas, and gisovides links to the standard data fornisformation on

the designating features dflatura 2000 sitesHowever, 1 is not pssible to search bgpecificAnnex |

habitat (such as those listed above) using either poraait is understood that not all features haveen

accurately mappeadver all Natura 2000 sites

In addition to habitat data, aumber of species aralsoprotected under the Habitat Directive Annexes |,

IV, and V. Habitat Directive species which occur in the Baltic include fish and lampreys species (such as
European eelAnguilla anguillaand Atlantic SalmonSalmo sald; and benthic species (maerl
Lithothamnon spp. andPhymatolithonspp.). The locations of records for these species previded by

the EMODnet Biology portéfor species listedinder Annexes Il and IV of the Direc)ivEhe species data
provided by EMODnet Biology portal is somewhat dispargt®eyiding the location of records of
designated species occurring in the Baltic. There are few records of benthic species within this database.

Bhttp://maps.helcom.fi/website/mapservice/index.html
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Asoutlined in Figure 9.3spatial information pertaining to Annex | featurase displayed as polygons
defining the extent of théNatura 200Careas. This data could be improved, from the gegstive of fishery
impact, by delineating the extent or location of the Annex | habitats, whessible.

Substrate

Seabed substrate ia significant factoinfluencing the distribution of benthic specieldard substrates
providea stablesurfacefor the attachment ofbenthic species, while soft substrate cangmnetrated by
borrowing species. Another important property from the point of fishery impact is the sediment grain size.

&= Layers [ <]

oooo

Fok5d
1. Mud to muddy Sand
25and
3. Coarse substrate
4. Mixed sedment
I 5. Rock boulders
7 6. No data at this level of Fok

B4 7. In progress
8. Broad scale data

ulation

Figure9.4. EMODnet 1:250,000 seabed substrate map for the Baltic IS®m&iisg gaps in coverage in the
eastern Baltic and Gulf of Bothnia. The image is from the EMODnet Geology°Portal

The EMODnet Geology portal provides seabed substrate maps at scales of 1:250,000 and 1:1,000,000.
The maps are collated and harmonized froealsed substrate information within the EMODH&tology

project (e.g. the 1M substrate maps are based on ~400 separate seabed substrate maps). Where possible,
the existing seabed substrate classifications have been translated to a scheme that is suppdtédIs.

This EMODnet reclassification scheme consists of five seabed substrate classes. Four substrate classes are
defined on the basis of the modified Folk triangle (mud to sandy mud; sand; coarse sediment; and mixed
sediment) and one additional substeatlass (rock and boulders).

http://www.emodnet-geology.eu/geonetwork/srv/dut/catalog.map
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The EU BALANCE project providewine seabed sediment for the Baltic area. The data was compiled
from sediment information provided by GUES, GSF, and SGU. The classification scheme consists of five
sediment typeg; bedrock, hard bottom complex, sand, hard clay, and mud. Seabed sedinagst from

offshore and coastal areas are available at scales from lo@8,000 to regional (1:1,000,000). The data

is available directly from the Balance web8ltand is also hosted by the HELCOM Maritime Spatial
Planning Portal.

The EMODnet 1:250,00substrate map displays large gaps in substrate coveragleei eastern Baltic
(Figure 9.4 although it should be noted that the 1:1,000,000 maps provide coverage for these kiisas.
recommend that gaps in the higher resolution mapping be resolyexbséible.

Baltic Marine Landscapes
The Baltic Marine Landscape dataset was produced by the EU BALANCE project and combines over 60
broad scale habitat types defined according to different combinations of bottom substrate, photic zone
and salinity levelThe approach to marine landscape mapping is based on the use of physical, chemical
and hydrographic data to produce ecologically meaningful maps for areas with little or no biological
information. The maps

f’ Balt]csea SV G D ST =249 were produced by the
Geoloigcal ~ Survey  of

- Denmark and Greenland
S (GEUS) between 2005 and

Defence and scientific research

e 2007, and access to the

Energy

Fih n squacutrs data (and downloads) are

Nature protected areas

Physical features (BALANCE project) prOVided direCtIy from the

Ice cover

[¥ Benthic marine landscapes (BALANCE) 1= B EU BALANCE WebSIte, and
W Coastal defense structures =B
¥ ocotiea pnote 2on poygon (EUSsavap) = also hosted by HELCOM
W Modelled photic zone (BALANCE) =Be ) } .
and their Marine Spatial

Planning Portal (Figu@&5).

Figure 9.5. Baltic Marine
Landscape mapproduced
for the Baltic Sea by the EU
Balance Project. The image
is taken from the HELCOM

Marine Spatial Planning
| : Portal.

2http://balance-eu.org/
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The adequacy dhe dataset is somewhat hampered by its limited resolution. The quality of data collated
ranges from high to lowesolution data with somemodelled datasetst a 7km resolution, while others
have ~600m resolution. For the purposes of the Baltic MarinaddGape product, datasets were-re
gridded to a 200 x 200m grid to ensure data continultye Baltic Marine Landscape product integrates
data relating to sediment type, photic zone and salinity, and is suitable for tlse &ssessment of fishery
impact.

As outlined abovethe coverage and resolution dfabitat dataover the Baltic is somewhat variable.
Habitat classifications such as the EUNIS classification and Baltic Marine Landscapes maps provide
suitable coverage, however, there are some consideratishen using these classifications in terms of
prediction confidence, lack of ecological data, and the large degree of extrapolation made in data poor
areas. In addition to this,ssessments which are made using spatial information from different sources

can becomplicated by problems of scal&s tabitat and species data is often classified balsgthe area

they occupythe finer the scale at whicthese featuresare mapped, the more likely smaller area will be
described for the presence of habitats/spes(IUCN, 2001). In the case of fishery impact, this means that
coarse resolution mapping will reveal fewer unoccupied aeatich results in overestimation of fishing
impact.

Fishing impact assessments made by BENTHIS (benchmark output) are madecate¢hof Ininute x 1

minute cells This resolutionis considered acceptabléor the descrption of fishing pressure over large
geographic areas (such as the North Sea or Badsd} is assumed pressure will be uniformly distributed
within a grid celht this resolution(Rijnsdorpet al., 1998; Leet al., 2010). However, habitat and species
data are not collected uniformly over large geographic areas, and are therefore subject to varying degrees
of coverage and uncertainty.

9.2.3 Other sources of habitat a nd species data for the Baltic (non -key variables)

HELCOM red list

HELCOMrovides#! NBR fAa0Q SOl fdzrGA2ya F2N) . FfGAO ALISOASaE
human pressure. This has included evaluations for features relevant to this assessooénas benthic
invertebrates and benthic biotopes (threatened and/or declining underwater biotopes, habitats and

biotopes complexes). The evaluations are made using criteria outlines by the IUCN, and products include
detailed information sheets, distriltion maps, and downloadable layers for each red listed species

(HELCOM, 200@nd habitat/biotope(HELCOM, 2005)

A total of 51 benthic species were red listed as pdthese assessments. Figure prévides an example
of the Balticdistribution of thewidely occurring amphipot¥onoporeia affinis

Red listed habitats includes offshore (deep) waters below the halocline, shell gravel bottoms, sea grass
beds, macrophyte meadows and beds, gravel bottoms Wiiheliaspecies, sandbanks, reefs, bubbling
reefs, maerl beds, and sea pens with burrowing megafauna. Out of a total of 209 biotopes assessed in the
Baltic, 59 were red listed as being as being currently threatened by anthropogenic activity (including
fishing activity). The location and distributiontbese features are displayed and downloadable from the
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HELCOM Biodiversity Portal. However, these are provided in 100 km x 100 km grids where the habitat is
known to occur.

Figure 9.6. Spatial distribution of records
for Monoporeia affinis for the BaltiSea.
Image from the HELCOM Biodiversity Data
and Maps Service

M Saduria enfomon (LC)
Birds

raes The HELCOM red list project provides a

tocroerer useful catalogue of species and habitat

Endangered (EN)

Vuinerable (VU)

e vulnerable to fishing pressure in the Baltic

™| Sea.The reports and information sheets
which accompanies the spesiand habitat
data are comprehensive. However, as seen
with the 100 km x 100 km grids provided
for habitat data, the spatial resolution of
habitat/biotope data is too course for use
in assessment of fishery impact.

Present both before and after year 200

OSPAR / HELCOM Baltic Sea Action Plan
The OSPAR habitat database, available through the EMODnet Biology portal, provides spatial data for the
presence of features such as geen and burrowing megafauna communitiberse musseModiolus
modiolusbeds, maerl beds, andosterabeds. However,his data is spatially restricted to the Kattegat

area (which overlaps with the OSPAF
area), and is therefore not useful fof =
remaining Baltic region. The HELCOM:
Baltic Sea Action Plan provides spat,af"'
information on the presence of species§
such as eelgrasgostera marinaand | |
mussel speciesMytilus trossulusand |
Mytilus eduligFigure9.7).

Baltic Sea data and map service

Figure 9.7. Location of eelgrass Zostera
marina beds in the Baltic Sea. The
species is listed as a HELCOM Baltic Sea
Action Plan species. Image from the
HELCOM BiodivergitData and Maps
Service

»»»»»»

.......
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EMODnet Biology Portal

The EMODnet biology data portal provides accegsntporal and spatial dateecords of narine species
for all European regional sealhe portal provides the platform teearch for individual species mcords,
or for datasets by groufincludingbenthos.

Although records are displayegpatiallyon an interactive map, it is not possible to search for records
within a given geographical ar¢for example, the Baltic Sed)josearch fora species or group ithin a
given area, the full dataset must be downloadedd then the coordinates of the record checked against
that of thepreferred area.

Downloadable datasets contain information such as species cptinés year and month collected,
geographic coordirtas, and a catalogue numbelPossiblydue to the variety of data sourcassed to
collate the data, unfortunatelyhere areinconsistencies in the information providédepth records, size
(or area) of sample, sample replication, and mesh size used to §gdbe samplg making comparisons
between sirveys and sources difficult. is recognised that the datasets can only display information that
has been provided, however, greater consistency inattrébute fields associated with records would
represent asignificant improvement in the usability of the resource.

9.2.4 VMSand logbook data

Vessel monitoring systems (VMS) collect data on the location and heading of individual fishing vessels, at
predetermined time intervals. The systems were originally adopted ased on fishing vessels as
fisheries surveillance and monitoring tool. In recent years, the data gathered by these systems have been
used to quantify fishing pressure/intensity for the purposes of assessing fishery impact.

Typically for vessel operatj in the Baltic region, a VMS position is sent evepyhburs (depending on
national requirementskontaining information on the location and heading of the ves$bke data can

then be coupled with logbook information, and an indication of fishing éigtf@nd intensity derived. As

this spatially accurate data is linked to individual fishing vessels, this type of data is commercially sensitive,
and there are some considerable obstacles in making this data openly available. At present, VMS data is
collaed and held by the national fishery institutions for each nation. The way that datallated and

made availableegionally $ via data call#® the national institutions formally made by institutionsuch

as ICES/HELCOM/OSPAR. The data is thenedoffain individual nations by ICES, synthesised, and
NBf SIFASR Ay GKS FT2NX¥ 2F WYIROAOSQd ¢KS Y2aid NBOS)
published in August 2015 (ICES 2015), with a second version published in January 2016. For #is releas
the data was provided in the following format:

9 Total fishing intensity by year (20@2013);

9 Fishing intensity by fishing activity (mobile bottom contacting gear, pelagic fisheries etc) by year
(2009¢ 2013), and;

1 Total fishing intensity by quarter @23 only).

This aggregated VMS data and logbook data is provided in the form of fishing pressure maps (as ESRI
shapefiles). This can be presented as hours fishing, or using an indicat@ssihehswept area ratio (SAR)
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- the average number of times a tirdrea is swept per year. These indicators are described in terms of
fishing abrasion surface and subsurface. Surface abrasion is defined as the damage to seabed surface
features (top 2 cm), and subsurface abrasion is the penetration and/or disturbahtiee csubstrate

below the surface of the seabed (below 2 cms). Data coverage for the Baltic is good, with all nations
providing data with the exception of Russia (Figure 9.8).

Subsurface abrasion 2009 Subsurface abrasion 2013
(Mobile bottom contact gears) (Mobile bottom contact gears)

Swept area ratio Swept area ratio
— Max: 329 Max : 5.23

Min : >0 Mn >0

Figure 9.8 Fishing pressure maps (subsurface abrasion) in 2009 and 20m3viessels using mobile
bottom-contacting gear (ICES, 2015)

A summary of data adequacy for the Fisherpdiat is provided in Table 9.4.

Due to sensitive nature of the data, aggregated VMS data (release via data calls) are spatially and
temporally restrictel. Spatially, the data is currently provided at a grid siz@.@5 x 0.05 degree squares

(or roughly 10 km x 5km in the Baltic). This level of resolution has been adopted as it has been deemed
acceptable by member states in terms of confidentiality. Somitiatives, such as the BENTHIS
programme, havenanaged to collateaw VMS data from nations at finer scales for certain years, and
have produced outputs at the scale ofndinute x 1 minute. This grid cell sizevas selected based on
studies which show it bottom trawling can be considered to be uniformly distributed within a grid cell

at this resolution (Rijnsdorpt al., 1998; Leeet al., 2010).In term of the temporal resolutiornthe latest

data call providedishing intensitydata annuallyfor the yeas 2009¢ 2013 The only exception to this

being 2013, where the data is provided on a quarterly basis.

The logbook data which is used to define the type of fishing activity that being undertaken is available for

the Baltic Sea from thEUSTECF (Sciemtif Technical and Boomic Committee for Fisheriespdbook

RIFEGE 2F OFGOK FYR STTF2NI F2N GKS . I f ok QLNBE 60883
resolution) Forsomeof the vessels below 8 meters, the same spatial scale afpli&sS rectangle)ub
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Table 9.4Data adequacy for Fishery Impact

Date: 2016.9.15

Variable Accessibility | Completeness/ coverage Resolution Precision

Delivery Spatial Hor/Ver/Temp.

type/time Temporal

Bottom  water| FFU* Spatial coverage is vabk | FFU FFU
salinity (n-situ) across the Baltic

Bottom water | FFU FFU FFU FFU
(model)

FFU Kattegat area not covered FFU Currently availablg
although this should be data not accompanied
rectified in the coming by confidence layers
months althouch this should

EUNIS habitat be rectified in the
level 3/4 coming months

FFU Habitat data does nol FFU FFU

Habitat Directive delineate the extent or

benthic specieg location of the Annex

and habitat habitats.

Bathymetry FFU FFU FFU FFU

FFU The EMODnet 1:250,00 FFU FFU
substrate map displays larg
gaps in substrate coverage

Substrate the eastern Baltic
FFU Dataset used for modellin¢ FFU FFU
was collected in 1980998.
Dataset recognised as lackir
in some areas such as th
Near bed light Gulf of Riga and souther
intensity Baltic
FFU Some modelled datasetssed | FFU FFU
Baltic Marine to produce the landscape
Landscapes are of a oarse resolution.
VMS for vessel{ Only availablel Limited to 20092013 Data only availakl | FFU
X Mp Y - | through data as total for each
2011) calls / ICES year (200 2013),
advise except 2013| FFU
VMS for vessel (provided
XMH Y -)OH quarterly)

Lodhook data for

Adequate for
coupling with

Adequate for coupling with
VMS data

Adequate for
coupling with VMS

Adequate for coupling
with VMS data

#SaasSt a | VMSdata data

National  sales FFU FFU FFU FFU
slip data of

landings for

vessels <8 m

*FFU¢ Fit-for-the-use
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Date: 2016.9.15

Table 9.5Conclusions and recommendations from the data adequacy report

Variable

Adequacy in general

Adequacy in EMODnet

Recommendations

Bottom water salinity

Adequate

Adequate

No recommendations
proposed

Adequate. Therare some
issues relating to coverag
(Kattegat)and confidence
of predicted habitat types
in the Baltic, however, ar

Adequate.There are some
issues relating to coverag
(Kattegat)and confidence
of predicted habitattypes
in the Baltic, however, ra

No recommendations
proposed

anticipated update in| anticipated update in
September 2016 iy September 2016 i
expected to further | expected to further
EUNIS habitats level 3/4 | improve adequacy improve adequacy
Adequate Not provided by EMODne{ Where possible, it woulg

Habitat Directive benthiq
species and habitat

be useful to delineate the
spatial extent and locatior
of Annex | habitats within
Natura 2000 areas.

Adequate Adequate No recommendations

Bathymetry proposed
Adequate Adequate If possible, gaps i
coverage of the highe
resolution mapping
provided by EMODne
(1:250,000) should  bé

Substrate resolved.
Adequate Not provided by EMDnet | No recommendations

Near bed light intensity proposed
Adequate Not provided by EMODnel No recommendationg

Baltic Marine Landscapes proposed
Restrictions prevent the | Not provided by EMODnel In order to meet the
ability to meet the objectives, data would

+a{ TF2N ©@Sa

(20052011)

Challenge objectives

need to be provided for
the past 10 years, and at
temporal resolution
suitable for aalysis on &
monthly basis.

+a{ F2N ©@Sa

(2012)

Restrictions prevent the
ability to meet the
Challenge objectives

Not provided by EMODne

In order to meet the
objectives, data would
need to be provided for
the past 10 years, and at
temporal resolution
suitable for analysis on
monthly basis.

Lodhook data for vesseld Adequate Adequate No recommendations
Xy Y proposed
National sales slip data ¢ Adequate Adequate No recommendations

landings for vessels <8 m

proposed
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for otherssales slipgprovide basis for information of effort and landings only at a cruder level: area A
(ICES Subdivision 22 to 24); area B (ICES Subdivision 25 to 28); area C (ICES Subdivision 29 to 32).
Information is currently available for the years between 2003 and 04 ¥ariable such as gear used,

fishing effort, activity, landings, vessel length and state. This information is combined with aggregated
VMS data by ICES when producing information for data calls, such as described above.

From the point of view of fishemnpact, the spatial and temporal restrictions applied to VMS data
represent the main obstacle in meeting the objectives of the Challemgeder to meet the objectives of
the Challenge, it is recommended that tHata is provided for the past 10 yearand at a temporal
resolution suitable for analysis on a monthly basis.

9.4 Conclusions and recommendations

The availability and adequacy of environmental data sources relevant to fishery impact (bottom water
salinity, bathymetry, and near bed light intensigye considered to be suitable for use in the assessment

of fishery impacts. Habitat and species d&dathe Baltic Sea is considered adequate, although it can be
variable in terms of its coverage and quality. This is mainly as a result of predictiodeoasfiin the
modelled data, a lack of ecological data, and the large degree of extrapolation made in data poor areas.
Updates in September 2016 are expected to represent an improvement for habitat data for the Baltic Sea,
and this will be reviewed as paut the DAR Il report.

From the point of view of fishery impact, thepatial and temporatestrictions applied to VMS data
represent the main obstacle in meeting the objectives of @tmallengein terms ofdescribing the area
disturbedby the number of diturbances per month, and describing changes in level of disturbance over
the past ten yearsData can be analysed for the periods for which data is available (2@.3) but
beyond this fishery impact analysis is problemafidor to the introduction 6VMS data was aggregated

at the level of the ICES squares, and which represents a very coarse level resdfiigbreries data.
From the pointof view of this Challengehe unrestrictedorovisionof VMS data would represent an ideal
situation ¢ allowing for assessment at much greater spatial and tempscales However, due to the
commercial (and associated political nature) of VMS data, thisrisideredunlikely at any time in the
near future

To try and best meet the objectives of the Challengiher avenues have been explored. One likely
solution is theBalticBOOST projeca currently ongoingnitiative that will help bridge data gaps for the
Baltic Sea. The project is coordinated by HELCOM, and is focussed with boosting the coherence of marine
strategies across the Baltic through improved data flow, assessments, and knowledge. Onenairthe
project themes is to provide information on the physical loss and impact to the seabed in the Baltic, and
to investigate ways to determine how much didtance specific seabed habitats can tolerate from
different activities (while remaining in GESa key measure ofhe MSFD) (BalticBOOST, 2016)e T
project will also deliver a quantitative inventory of fishing gears and their interactions with the seabed
habitats. This tool will contain detailed spatial information on fishing activities and associated pressures
(fishing coverage and intensity by gear types) as well as dpaiadlicit interactions between fisheries

and habitats and species in representatitest cases in the Baltic, with a particular focus towards seabed
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integrity. The tool will be based on the methods developed by BENB&H#SwIll then apply these
methodsdirectly to the BalticSea This will result in the production of a number of outees, including
seabed impact descriptors from fishing data (trawling footprint, trawling aggregation, untrawled seabed),
and a seafloor integrity index for the Baltic. These products, which will be availaB@l7 are closely
aligned to the aims of th€hallenge, and will help meet the Challenge objectiVesle 9.5 provides an
outline of the finding of the data adequacy report.

AcknowledgmentsOle E. Eigaard, Francois Bastardie and Asbjgrn Christeose®TUAqua have
provided input to the Data Adpiacy Report.
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10 Data adequacy for eutrophication

10.1 Introduction

Date: 2016.9.15

The goal of the eutrophication studies in BSCP is to assess the data adequacy per key variable using
availablein-situ data from 2005 to 204. Availablein-situ data is gathered from ICES/HELCOM and

EMODnet Chemistry databases and possible deviations between the two data sourcasabreed

regarding assessments and its confidence. Assessments are carried out using HELCOM eutrophication
assesment methods eutrophication core indicatorandassessment tool HEAT JHELCOM, 2014)

Entire Baltic Sea is affected by eutrophication which is driven by anthropogenahment of nutrients

(nitrogen and phosphorus) and climate change. Excess S—
fl HELCOM sub-basins

nutrients and/or changed nutrient ratios increase alga
and plant growth, turbidity and oxygen depletion in
bottom waters, also the species composition i
changed and nuisance ddms of algae can be
observed(HELCOM, 2014)

10.2 Data usage and data requirement

The open sea subasins (Fig. 10.1.) are assessed tﬁy

integrating status data from HELCOM candi¢ators

(Tab. 10.1.1.) on nutrients (DKNDissolved Inorganic
Nitrogen; DIP ¢ Dissolved Inorganic Phosphorus)
chlorophylta, water transparency (Secchi depth) an
2E@3Sy O2yRAGAZYy& o060210i
(HELCOM, 2014)

Figure 101. HELCOM open sea shhsins used for
this eutrophication assessment. Sourasuw.helcom.fi

O

1S5

(with added sukbasin numeration).
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Table 101.1.Datadza I 3S Ay W9 dzii NRBLIKAOF iA2YyQ

Variable Data type Usage

DIN In-situ Obs. For estimating seasonal averages for the
eutrophication assessment

DIP In-situ Obs. For estimating seasonal averages for the
eutrophication assessment

ChlorophyHa In-situ Obs. For esimating seasonal averages for the
eutrophication assessment

Secchi depth In-situ Obs. For estimating seasonal averages for the
eutrophication assessment

Dissolved oxygen (salinity, In-situ Obs. For estimating annualverages for the

temperature as supporting eutrophication assessment

parameters)

Due to the limited exchange of water between the Baltic Sea and the North Sea, data gathered by
observations should be spatially distributed in a #mased way. According to HELCOM monitoring
requirements at last 15 observations in every stasin per year/season should be made for every core
indicator e.g. see the DIN core indicateeb-page” (Pyhala et al., 2014Yab. 10.1.2.).

Table 101.2. Data requirementfor W9 dzii N2 LKA OF G A2y Q

Variable Data | Accessibility Completeness/ Resolution
type coverage
Delivery Delivery Spatial | Temporal | Ver. Horizontal/
type time* Temporal
DIN Obs. | Delayed, on | 6months Baltic 20052014 | Samples from | Atleast 15
request, Sea winter the surface observations per
open, free layer (310m) sub-basin per
DIP Obs. | Delayed, on | 6months Baltic | 20052014 | Samples from | season
request, Sea winter the surface
open, free layer (310m)
Chlorophy | Obs. | Delayed, on | 6months Baltic 20052014 | Samples from
ll-a request, Sea summer the surface
open, free layer (310m)
Secchi Obs. | Delayed, on | 6months Baltic 20052014 | N/A
depth request, Sea summer
open, free
Dissolved | Obs. | Delayed, on | 6months Baltic | 20052014 | Samples (and
oxygen request, Sea whole year | T,Sprofiles)
open, free from
throughout the
water column

Znttp://www.helcom.fi/baltic-seatrends/indicators/nitrogendin/monitoring-requirements/
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To assess the eutrophication status of the Baltic Sea, data on nutrients are gathereth&@urface

layer (010m) during winter (from December to February; no production) to assure the accurate display of
nutrient concentrations. Data on direct effects (chloropfayfrom surface layer-A0m and Secchi depth)

of the eutrophication are gathed during summer, from June to September. Data on indirect effects
(oxygen debt) are gathered throughout the year from the whole water column.

10.3 Data availability and data adequacy

The data adequacy in the eutrophication study should be reviewed througtvigwpoint of HELCOM
eutrophication assessment methods. For assessing eutrophication status, a set of core indicators have
been developed. Core indicators describe not only their initial parameters but also the monitoring
requirements and background comidins of the parameters. For every parameter spatial and temporal
requirements have been defined and based on them a general data adequacy assessment can be derived.

Data used in the assessments were gathered from two databgsé6SES/HELCOM and EMODnet
Chemistry for the time period 2002014 (Tab.10.2.1.). Additionally, oxygen data was gathered from
CMEMS database. In both databases, ICES/HELCOM and EMODnet, there are data missing when
considering the 15+ measurement temporal condition per season andspbibasin in HELCOM
assessment methods.

In ICES/HELCOM database the data is downloadable.aks dile which is very convenient. Although the
R2gyf2IRIFIofS TAI{SIBAPNSESROKKOKTASI BawdSgza Al £ TFT2NJ G F
ICESupon request. Acquiring data from EMODnet is a very time consuming activilye to the
fAYAGFGA2ya 2y RAaALIX @SR FAStRa 2y 2yS LI 3IS FyR i
welcome feature although it would be more convenient if regieel data would be organised in a

manner which makes it possible to differentiate between requested parameters. Also when requesting
specific parameters, it would be most welcomed to receive only those requested parameters and not
some additional data. A etadata field for sutbasins could be added in the EMODnet data.

When preparing the data, a small number of duplicates were found in both databases. When pooling data
from ICES/HELCOM and EMODnet, removing the duplicates turned out to be a bit more atechplire

to slight differences in time/coordinates/parameter values in duplicate samples. Nevertheless, the data
was merged in Ocean Data View (ODV) by limiting the maximum difference of longitude and latitude to
0.004 degrees and time to 0.0033 hours.

Sulsequently data are assessed per parameter by describing the temporal and spatial coverage of
selected assessment data. For each parameter the status assessment results for yea2812D@%e

presented in tables together with data confidence classes. Tais assessments are compared to

existing eutrophication assessments put together by HELCOM for period220@7 When comparing

data confidence classes between assessments it should be noted that the assessments produced in this
LI LISNI Ay Of dAR8S yOH 0t | Gaye®E ¢ odzi 19[/ha Faasaavysyd
Of | & &#ab.4¢2.2.) More than 15 measurements per season gives the data high confidence. The
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O2yTARSYOS 2F GKS alriddza FraasSaavySyida RMWIMYRA

observations count (data confidence) per sea3@t(10.2.3.)

2y

Table102.1.5F GF | @F Af oAt AGe F2N WOdziNRLIKAOF A2y Q
Variabl | Data | Accessibility Completeness/ coveragg Resolution Data
e type provider
Delivery | Deliver | Spatial Temporal Vertical Horizontal/
type y time Temporal
DIN Obs. | Delayed, | 1-3 Baltic 20052014* | 0-10m** Some seasons | EMODNET
on years Sea lack data (data
Obs. | request, | 1year | Baltic 20052014* | 0-10m** count below 15 ['|CES/
free Sea observations HELC®I
DIP | Obs. 13 Baltic 20052014% | 0-10m* per season and Mgy o pNET
years Sea per subbasin)
Obs. 1year | Baltic 20052014* | 0-10m** ICES/
Sea HELCOM
Chloro | Obs. 1-3 Baltic 20052014* | 0-10m** EMODNET
phylla years Sea
Obs. 1year | Baltic 20052014* | 0-10m** ICES/
Sea HELCOM
Obs. | NRT, <24h Ferrybox | 2005now Surface Number of liens| CMEMS
Open, lines varies from 35,
free twice per week
Obs. <24h Western | 2015nhow Multiple Two stations CMEMS/
Baltic layers with hourly data| MARNET
Secchi | Obs. | Delayed, | 1 year | Bdtic 20052014* | N/A Some seasons | ICES/
depth open, Sea lack data (data | HELCOM
free count below 15
Obs. | Delayed, | 1-3 Baltic 20052014* | N/A observations EMODNET
on years Sea per season and
Oxyge | Obs. | request, | 1-3 Baltic 20052014* | Topto per subbasin) | EMODNET
n free years Sea bottom
profiles with
Obs. | Delayed, | 1 year | Baltic 20052014* | high and low ICES/
open, Sea vertical HELCOM
free resolution,
and single
observations
Obs. Near Baltic 20052014* | Surface layer CMEMS
real Sea data mostly.
time Somehigh
resolution
profiles

* Time period used for the eutrophication assessménData from vertical layer used for assessment
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Table 102.2. Statusanddata confidence classed/FD¢ Water Framework Directive; MSEMarine
Strategy Framework Directive.

WEFD status | MSFD status Data confidence
HIGH More than 15 observations per season
MODERATE 5 to 15 observations per season

LOW Less than 5 observations per season

Table 10.2.3.Relationshy between data confidence, target confidence and indicator assessment
confidence

Data confidence Target confidence Indicator assessment confidence
HIGH HIGH HIGH/100%

HIGH MODERATE HIGH/75%

HIGH LOW MODERATE/50%

MODERATE MODERATE MODERATE/50%

MODERATE LOwW LOW/25%

LOW LOwW LOW/0%

In the end, the data confidence and status assessment confidence will not differ from each other that
much because for nutrients and chlorophglthe target confidence imoderatewhich will not change

the status assessmentonfidence. Regarding Secchi depth, with target confidehigd, the status
assessment confidence will be one class higher than the data confidence class.

10.3.1 DIN

For DIN estimates wintertime (Dé&b) samples from the uppermost layer of 10 metres are usethé&
assessment. According to the HELCOM core indicator methods at least 15 observatiseasper (Dec
Feb)per subbasin are needed for the highedataconfidence level.

Comparing the spatial coverage of ICES and EMODnet data (Figure 10.2.Inlbgisean that it is quite
evenly distributed for the whole assessment period with sample count per station ranging from 1 to close
to 60.

When looking at the different seasons of the assessment period it is evident that EMODnet data for some

of them are nissing (e.g. in SEA001) (Fig. 10.2.1.2.). On the other hand, for sorhassnb (e.g. SEA011,
SEA012 etc.) have more in EMODnet database than in ICES/HELCOM database. It should also be noted
that the data count of many seasons is not sufficient for thghbst data confidence class in both
databases.
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Figure 102.1.1.DIN assessment data distributi¢ggample count per statiorfpr 20052014. From left to
right: 1) ICES/HELCOM data; 2) EMODnet Chemistry data; 3) ICES/HELCOM and EMODnet Chemistry data
pooled. Please note the different scales.

Due to the lack of data in some sbhsins/seasons high data confidence can be given to less than a half

of subbasins (Tab. 10.2.4.). Given status assessment is compared to HELCOM Eutrophication Status of
the Baltc Sea (BSEP143) results and to HELCOM EDAR® assessment results and all the results are
O2AYyOARAY3 LINBGGe ¢Sttt SEOSLII F2NI {9!'nnd aasSaavs
YR 9ah5ySi REGI NBadzZ Ga Ay | datdaish podled feos Ghe | 44 S &
F F2NBYSYyGA2ySR RIGFIo6lFasa (K aayYSyid NBadzZ 4 Aa
2T Wah59w! ¢9Q YR WthhwQ |V 2ald tA1Ste RdS 0

S I S
R Aa Y
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DIN data count EMODnet
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Figure 102.1.2.DIN assessment data wat per year and per subasin fromlCES/HELCOM aB#1ODnet
Chemistry database The red line marks the 15 observation threshold which has to be fulfilled every
year/season for every assessment unit (aasin) during the assessment period in order to tipet data
assessments with high cbadence.

Table 102.4. DIN status assessments and data confidence for 2005 based on data from ICES and
EMODnet databases. For comparison two HELCOM assessments: 1) Eutrophication status of the Baltic Sea
(BSEP 143) f®20072011; 2) EUTROPER assessment for 2@@07F11. Red indicates the SUbGES (Good
Environmental Status not achieved) areas based on different data. Green stands for achieved GES. *
Status assessment confidence.

Sub ICES 2062014 EMODnet 2002014 ICES: EMODnepooled 2007-2011 BSEP 143 2007-2011
basin 20052014 EUTRO
OPER
Assessment | Confidence Assessment | Confidence Assessment | Confidence Assessment| Confidenc& | Assessment
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In the future more wintertime observations should be made in the smallefmgdins (SEA003, SEA014,
{9!' nmc0 Ay 2NRSNJ G2 3SG GKS RFEdGF O2yFTARSYOS t S@St

10.3.2 DIP

For DIP estimates wintertime (D&eb) samples from theppermost layer of 10 metres are used for the
assessment. According to the HELCOM core indicator methods at least 15 observatiseasper (Dec
Feb)per subbasin are needed for the highest confidence level of the assessment.

Figure 102.2.1.DIP asessment data distributiosample count per statiorfpr 20052014. From left to
right: 1) ICES/HELCOM data; 2) EMODnet Chemistry data; 3) ICES/HELCOM and EMODnet Chemistry data
pooled. Please note the different scales.

Comparing the spatial coverage IGFES and EMODnet dafég.10.2.2.1.) it can be seen that it is quite

evenly distributed for the whole assessment period with sample count per station ranging from 1 to over

60. When looking at the different seasons of the assessment period it is evltlEREMODnet is missing

some data compared to ICES/HELCOM, e.g. fobasins SEA006, SEA0Q09 etc. For somebasins

EMODnet has more data than ICES/HELCOM, e.g. SEA003 and SEA012. The data count, in both databases,
for some of the sulbasins is borderip the 15 samples per season and this is also not sufficient in many
cases for the high confidence class for data (Fi@.2(2.)
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