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EXECUTIVE SUMMARY

AquaSpace aims to deliver the science base to identify the potential for aquaculture to expand in
Europe and to support the corresponding licensing procefiseicontextof Integrated Coastal Zone
Management (ICZM) or Marine Spatial Planning (MSP)

TheAquaSpactool isdesignedo allow for a spatial representation ofpportunitiesand risksof
a proposed aquaculture activity at a specifi@rine location in a multiuse context.Specifically
opportunitiesrelate to socieeconomic assessments of the amtivalue of an activity, food security or
expected revenueswhile risks relate to arevaluation of combined environmental effects of the
planned activity and the additional pressure contributions of a new aquaculture activity to the overall
human pressurein a management area.

The AquaSpace tool is one of the first Geographic Information Systerb@SEs) spatial planning
tools that allows for a spatial explicit and integrated assessment of indicators reflecting the economic,
environmental, intersectoral and sociecultural risk and opportunities for proposed aquaculture
systems, based on a botteap approach. @ol outputs (i.e. AquaSpadeol Assessment Report)
comprisedetailed reports and graphical outputs which can facilitate planning tafl@iscissions
hence allowing key stakeholders (e.g. industry, marine planners, licensing authoriti@sgtdively
communicateeffects of alternative scenarios andke more informed, evidenebased decisions on
proposed aquaculture.

Such a transparent visusdition technique facilitates i)naeffective implementation of MSfr
aquaculture enabled by using spatially explicit methods and tpijisheimplementation of a spatially
explicit (Gl$hased) multiuse context, addressing the functionality foumulative risk assessments
and conflict analysjsand iii) theimplementation of anEcosystemApproachto Aquaculture (EAA)
explicitly considering economic and market issiédssintegrated approachvill support the licensing
process and facilitate ingments.

This report provides a guide for users of the Afpace tool. Introductory sections2 explain the
rationale for the tool and provide the background knowledge needed to use it. Section 4 describes the
tool outputs. Section 5 is a user manual. Ax gives sources for information needed to use the tool.
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SOFTWARE AVAILABILMAND SYSTEM REQUIREMES

Name of softwareAquaSpace tocla GIS AddIn

DevelopersAntje Gimpel, Sandra Topsch, Vanessa Stelzenmdiller

Email:antje.gimpel@thuenen.de

Yearfirst available: 2017

Operating SystenMicrosoft Windows 7, Windows 8/8.1 (32 or 64 bit) or Windows 10

Processor/CPW2.7 GHz Intel Core i5 processor or equivalent (4 cores) (hardware below/above will
increase/decrease tool run times)

System RAM4 GB toal minimum, 16 GB recommended

Windows Feature .NET FramewoiKET 4.6 Framework

ESRI ArcGI8rcGIS Desktop Basic, Standard, Advanced + Extension Spatial Analyst, Developed with
10.3.1

Python EnvironmentStandard Python library 32bit of ArcGiStallation 10.3 and higher

Program size: 1.¥1B; GDB 400 MB

Availability:https://gdi.thuenen.de/geoserver/sfiwmww/aqspce.html

Cost: nil
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CITATION AND COPYRIGHT

Copyright 2017 Thinelmstitute of Sedisheries

RECOMMENDED CITATION

Gimpel, A., Stelzenmiiller, V., T6pschB8golin, D.Galparsoro,.] Gubbins, M.Marba, N. Miller,
D., Murillas, A., Murray, Sastres, RRinarbasi, KRorporato, E.Roca, G., and Watret, R017.
Aqua®ace tool to support MSP. Thinentitige, Hamburgand Aquaface project (H2020 no.
633476), Oban. Deliverable 3.3. Pdf obtainable fhitp:// www.aquaspacén2020.eu

Gimpel, A.Stelzenmdiller, V., Tépsch, S., Galparsoro, |, Gubbins, M., Milleruillasj A., Murray,
S., Pinarbasi, K., Roca, G., and WatreguRn{itted). A GlSbhased tool for an integrated assessment
of spatial planning tradeffs with aquaculture.

This tool is a result of AquaSpace (Ecosystem Approach to making Space foaBlestain
Aquaculture) project, funded by the European Union under the H2020 Programme (grant agreement
no. 633476).

LICENSE

The AguaSpace tool is available via the AquaSpace Redmine website: httgéireene.saas
secure.com/projects/aqua.

Permission is granted by registering for the AquaSpace Redmine website
(https://gdi.thuenen.de/geoserver/sfiwmww/agspce.htl The AquaSpace tool is to be used for
scientific purposes only.

The AguaSpace tool is free of charge.

Redistribution is not permiéd.
Modification in source and binary forms is currently not permitted. Please contact us, if necessary,
for futher information regarding the development of the tool.

DISCLAIMER of WARRANTY

THIS SOFTWARE IS PROVIDED BY THE CORYRDERS AND CONTRIBUTORS "AS IS" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO,

THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE A
DISCLAIMED.

IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONBRIBABIRSOR ANY DIRECT,

INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES

(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS
USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ONTAIRORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY,
OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)

ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILI
SUCH DAMAGE.
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1. MANUAL USER GUIDE

It is the purpose of this manual to guide the user through the application of the AquaSpace tool.
This  document compliments the online support athttps:/free-redmine.saas
secure.com/projects/aguand should therefore be used in conjunction with the website. Whereas
the online support provides access to AtjuaSpaceool files, technical documents and manuals /
video instructions facilitating thenstallation and testing of the AquaSpace tool, this manual provides
further information, explanation and key references to the tool functions included. Furthermore, it
describes the preparatory work, sequence of steps and related tasks the user shoulthiuade
apply the tool.

This manual aims to provide clear and uéndly instructionsaboutthe terminology used, the
concept of theAquaSpaceool, | y R i KfBnctibres arfd Ddicators for a holistic ecosysteased
Opportunity and Risk Assessmehnat applies the EAA to MSRloreover, it includesuggestiongor
successful completion aluch an assessment

It is highly recommended to read through thequaSpaceool description and background
information BEFORE starting with the setup of the tBelow is some guidance for using the manual:

1. Therationale for the developmenbf the AquaSpace toas given inTHE AQUASPACE
TOOL: RATIONALE AND BACKGROUND

2. Theconcept toolindicators and terminology used throughout the manual is described in
THE AQUASPACE TOOL: CONCEPT, INDICATORS AND TERMINOLOGY

3. Potential AquaSpace tool outcomes and their interpretation are describAQUWASPACE
TOOL OUTPUTS

4. Technical guidelines, installation and update procedures, first test runs and scenario
building are explained iInSER MANUAL

5. Detailed information about the data underlying the AquaSpace tool, their origin and key
references are given IANNEX: AQUASPACE TOOL METADATA

6. Where limited data may make it difficult to complete actions described in thaual, it
may be helpful to complement desktop data collation with expert and/or stakeholder
workshops. These can be used to obtain information that may not be readily available,
pool knowledge and expertise and discuss elements of risk and uncertairyiass!
with an assessment based on limited data.

7. The tool can be used iteratively to compare a set of spatial management scewétios
aguaculture(e.g. varyindarm locations species or production quantities)



https://free-redmine.saas-secure.com/projects/aqua
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2. THE AQUASPACE TORATIONALE AND BACKGROUND

The central goal of the EU Horizon 2020 project AquaSpace is to provide increased space of high
water quality for aquaculture by adopting an Ecosystem Approach to Aquaculture (EAA) to support
Marine Spatial Planning (MSP) and to delivexdfgecurity and increased employment opportunities
through econont growth with a longerm view.

An effective implementation of M3Br aquaculture is enabled by using spatially explicit methods
and tools.Sudieswithin the AquaSpace projectvealed a red for toolsallowing

1 The implementation of an ecosystem approach incorporating the functionality required to
support anEAAimplementationandexplicitly considering economic and market issues.
1 The implementation of a spatially expli@eographidnformation System (GlI®asedmulti-
use context, addressing the functionality for cumulative risk assessments and conflict analysis
1 The intuitive design of the interface, which is meant to be-asdr driven, allowing industry
and policymakersto makemore informed, evidencdased decisions

One promising solution identifieduring acomprehensiveggap analysig Gimpel et al. (2016yas
to develop a toothat could be used to support @dpportunity and Risk Assessmefich atool would
allow for a spatial representation @il risksand opportunitiesof a proposed aquaculture site in a
multi-use context(Fg. 1) The AquaSpac®wol wasdeveloped as a GIS Addinder Arc GI% allow
users to compare risks and opportunities over a numdfgpotential sites. lincludesfunctions that
enable the user to assess the spayiaxplicit performancgunder different agaculture planning
scenariospf inter-sectorial, environmental, economic and socigltural indicators

Risks Opportunities

Socio- Visual impact

cultural

Economic

ic costs Economic returns
Economic C

fi Synergy potential
Inter- ial use con ict

sectorial Spatla
Environmer\tal Environmental

Environmenta'n risks benefits

Figure 1 1*'vision ofthe AquaSpaceool, visualisingppportunity and riskcategories which should be
includedwhenassessing spatial management optidosaquaculture.

Thusyiskindicators reflect for instance the spatial conflict potential between human uses, habitat
vulnerabilities or comimed environmental effects oproposed aquaculture activities, direct and

2
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indirect economic costs or visual impacts. In contrast, indicatgfhsctingopportunitiesof a planned
aquaculture site comprise total expected revenues or synergy potential with other séGtionpel et
al., 2016)

To promote tool exchange and its general applicability, AugaSpaceaool comes with a GIS
Geodatabase (GDB) whialieadyintegratesseveral data sets @European scale. Reflecting the need
for spatial explicit assessment approactiede easy to access, th&guaSpacéeool aims further to
facilitate the integration of spatial layers generated by other models and tools. In other wooda
be also regarded an ArcGIS based platform that brings together spatial outputs from models, which
can produce a data format that can be importetbidrcGIS.

AguaSpace tool

|
WFS5 request I

l WFS response
I

Web Feature Service

Figure 2 Open Geospatial Consortium Web Featuesv&e Interface Standard (WH8bvidean
interface allowing requests for geographical features across the web using platidapendent
calls.In the 1uture, the AquaSpace tootlill directly be linked to WFS to request requirgedata.

In order to hold down maintenance costs of gatal the AquaSpacé¢ool has been developed in
the GIS environmenio be linked withopen Geospatial Consortium Web E@& Service Interface
Standard WFS}hat provides an interface allowing requests for geographical features across the web
using platformindependent callsNevertheless, WFS request or rather response retdéidsa high
amount of time loading the data, which slows down tool performameduture, data exchange might
speed up. Previously, the integratédjuaSpacéool GDB fill those gaps. Its content is explained from
a scientific view i\guaSpace tool indicatoend from a technical perspective ANNEXAQUASPACE
TOOL METADATA

The AquaSpaceaool is equipped with an endser driven interface and an interactive menu. It
allowsthe visualiation of areas of constraint (e.g. priority shippitemes andof potential synergy
(i.e. colocation), defined by an interaction matrix which can be modified according to user needs.
Further, the tool enables the user to explore a range of options to identify potential sites and assess
the opportunities and riskef seweral scenarios at once. Tool outputs comprise detailed reports and
graphical outputs which should facilitate planning tramfé discussions hence allowing key
stakeholders (e.g. industry, marine planners, licensing authorities) to take more informednewide
based decisions on proposed aquaculture developments and the associated risks and opportunities.

¢ KS &aigecapaémic dimension will increase the acceptance of these new developments by
local communities and sociept-large(Ramos et al., 2014; Stelzenmdller et al., 20ERyironmental
assessments will contribute to the implementation of the Integrated Maritime Strategy and its
environmental pillar, the EU Marine Strategy Framework Dire¢@impel et al., 2013; Stelzenmdiller
et al., 2014; Gimpel et al., 2016htegrating indicatorssupporting the assessment of inteectorial

3
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effects enables authorities to account for the principles of good MSP practice as required by the EU
Maritime Spatial Planning Directivesimpel et al., 2016)Ultimately, this integrated assessment
approach could support the licensing process and facilitate investni{8itézenmdller et al., 2017)

3. THEAQUASPACEOOL: CONCHR INDICATORSAND
TERMINOLOGY

3.1. AquaSpacetool concept

The AquaSpace toohn be thought of as a spatially explicit CBsnhefit Analysis. Given a set of
planning alternatives, such as different farm locations, it alibw the assessment dfie strengths
and weaknesses @achalternative.The toolis used to determine optionthat are informed by the
Ecosystem Approach to Aquaculture, and which alimkievenent of opportunities (sustainable
development) whit prevening risks(to the environment). Theool is also defined as a systematic
process for calculating and compariogportunities and riskef a decision, policy (with particular
regard to government policy) or (in general) projdoavid et al., 2013)

Broadly,an economidCost Benefit AnalysifCBAhas two main purposes:

1 To determine ifaproposed developmernis a sound investment (justification/feasibility)
1 To see howa particular development option (or scenarimdmpares with alternate projects
(ranking/priority assignment)}CA.GOV, 2017)

In the AquaSpace contexhe AgueSace tool CBA also

1 Allows for a spatial representation obpportunities and riskgincl. environmental)of a
proposed aquaculture site in a muitse catext (supporting an EAA).

TheAquaSpace tods aGISAddh that wasimplemented under Arc GI®9Bandwas developed
by combininghe GIS model builder and python scrigtsunswith Arc GIS 10.3 and newer versions.
It comprises functions that enable the user to assess the spatial explicit performance efdnterial,
environmental, economic and soetultural indicators for different aquaculture planning scenarios.
Therefore the useQiaput defines thestudy areag¢ountry), the port from which aquaculture business
should betransacted, the culture specieshe corresponding culture system, the compilation of
constraining, conflicting or synergistic human uses and the aquaeulbcations to be tested. While
doing so, the user is directed to act in a sustainable way, being aware of e.g. the ecological footprint
of a specific aquaculture or its interaction with other human activiti@snsequentlythe AquaSpace
tool estimates albpportunities and riskbased on intetsectorial, environmental, economic and sacio
culturalindicators(Fig. 3. Tool outputgi.e. AquaSpac#ool Assessment &port) are provided in pdf
format. Theyoffer a transparent summary of all toalms (i.e. scenarios) aride respectivandicator
values.They givegeneral site information (e.g. species, water depth, water quality), is¢etorial
effects (e.g. spatial conflict potential, disease spread), environmental effects (e.g. degrgmsiire,
cumulative pressures, distance to waste disposal sites) and economic and market issues (economic
performance, effectiveness and efficiencyjurther, the report includes mapping and graphics
enabling the user to proactively communicateportunities and risksSuch d@ransparent information
policycanbuild stakeholders supportyhich is critical to thesuccessfuéstablishment of guaculture
and ongoingperations.
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Cage sizefarea
Aquaculture Distanceto port '

Cables Fixed costs (e.g. insurance)

Fisheries ' Investment cages/longlines ',
Marinetraffic Investments/land facilities

Nature cunservatiun-""-._ Investments/property
Ocean energy Number cages/longlines
Platforms Other investments Economic effectiveness
Pipelines ', Production cycle Economic efficiency
Sediment extraction Production density Economic performance
Tourism Production guantity Habitat vulnerability

Wastedisposal

Variable costs (e.g. Fuel) Cumulative pressure
(in)Direct economic impact
Sediment sensitivity
Spatially explicit constraint, conflict & synergy
Impact on cultural heritage sites
Impact on tourist atfractions
IMTA potential
Risk of disease spread

Atlanticsalmon
European seabass
Mediterranean mussel
European oyster
Pacificoyster / ;
Blue mussel Anthropogenic pressure Cultural heritage sites
Agquaculture suitability Population density
Chlorophyll a (surface) /

Current velocity | Conservation areas isc::f- J"rr:;c;f;
Habitatvulnerability / Type of Ecosystem / ql

Nitrogen (surface] / UNCLOS areas /
Phosphorus (surface) /
salinity /
Sediment type
Temperature
Water depth |
Water quality
Wave height /

Figure3: A brief insight in the AquaSpace todtpom left to right)giving an overview about i) all species
considered, ii) datand informationAquaSpace tool assessmeatg built onandiii) (additional) site
specific information received by applying the AquaSpace finndtions Economic performance =
Revenue, Adde¥alue(AV) Economic effectiveness = Return on Fixed Tangible Assets, Opportunity
costs; Economic efficiency =ef\NPresent Value, Economic impact (In)Direct impact on the AV,
(In)Direct impact on employmentMTA = Integrated MuKirophic Aquaculture, NCLOS = United
Nations Convention of the Law Of the Fea

3.2. AquaSpacetool indicators

This section provides further informaticabout the AquaSpace todahdicators(i.e. counted or
measured variablesMore precisely, it describdww the parametes, underlyingthe tool functions
and defining the ultimate indicator values, were determined (iacientific background information
related to thig. Detailed information about the source of the data (in raw, uninterpreted form), credits
and how the data hae been processed are givenANNEX | AQUASPACE TOOL METAMAS of
the data sets are already implemented irettool (e.g. environmental dajaothers are depending on
the user input (e.g. production in k§nnex).

This sectior{3.2)is structured around thé\quaSpace Assessment Regdescribed in section 4,
AQUASPACE TOOL OUTRWHRE&h guides the user throughe results of using theool. This section
also explains how the results were computed.
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3.2.1. General site information

The first information given in the report are the user ID and the date of assessment. The site tested
is provided with a site number, which is ascending throughout the tool application. All informstion
listed in three columns: ihdicator name, ii) inidator value and iii) indicator description.

The first part of the reporincludes general sitenformation, whichis crucial to get a initial
overviewof the siteto betested,the specieso betested, the culture systerandaquaculturerelated
information about the surrounded area/thtestsiteQ & & dzNIkBhday Rakey/ d@pth and quality
Indicatorsincluded read as followed:

9 Site specific information

0 Ecosystem (country; marine or freshwater)

o Water depth(m)

o0 Water quality (level of backgroummbllution)
1 Management information

0 UNCLOS area

o Conservation area
9 Agquaculture specific information

o Aquaculture (finfish, shellfish or algae)
Species to be cultivated (species name)
Culture system (cage, longline, bottom, trestles; culture system size/iram3
Stocking density (per mita)
Production cycleygarg
Production (tonk

O OO 0O

Based on theuser inputa (case study) area is chosen, data sets are clipped (to improve the
performance of the tool) and a specific aquaculture site is zoomezhirFurther, the user input
polygon is buffered by a specispecific environmental footprintAssuming a precautionary
approach the environmental footprintof shellfish (longlinels determined to be 50niChamberlain
et al., 2001)while thatfor finfish aquaculturas set at800m (HalkSpencer et al., 2006; Marba et al.,
2006; Holmer et al., 2008; Sabhazaro et al., 2011)

Site specific informatiorprovided in the report include thecosystento be assessed (currently,
tool application $ restricted to the marine erivonment), the water depth (1*&m raster layer) and
the water quality, which is based on distanckthe aquaalture siteto waste disposal sites (e.g.
coastal discharge'he water qualityindicatoris parameterized by expert opinioassuming thaa
distance > 1.8km indicates a low risk of pollution and therefore a high water quaktyh{gh, a
distance of <1.8km indicatesnedium water qualityand a distance of < 100m indicatekoa level of
water quality @ = low) (Maritime Safety Queensland, 2017)

Management informationprovided in the report includes inforation about variousareas in
which use idimited by the United Nations Convention on the Law of the Sea (UNCLOS). Specified for
thislegalindicator are an abbreviation of the country name and the area to be assessed. Those include
A0 WAy (i Swiich dovers hllingtdrarg Waterways on the landward side of the baseline. The
coastal state is free to set laws, regulate use, and use any resource. Foreign vessels have no right of
LI dal3S gAGKAY AYOGSNYFt &1 (S N&IR nalticad mildsifrSiNING (0 2 NJR |
baseline, the coastal state is free to set laws, regulase, and use any resource; oA A 0 WS E Of dz&
SO2y2YA0 12yS&Q 099%a0E 6KAOK Sttiio2¢0mautichllhives 1 KS S
from the baseline. Witlm this area, the coastal nation has sole exploitation rights over all natural
resourceqUN, 2017). Informationaboutconservation areas indicate, if the user input overlaps with
a i) National Park, ii) Natura 2000 sjtesii)) OSPAR MPASSPAR, 2017)
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Aquaculture specific informatiorprovided in the report include the option the uskas chosen
regardingthe aquaculture type to be assessed (finfish, skehllor algae), the species to be cultivated
and the culture system (cage, longline, bottom, trestles). Here, further particulars can be made
according to the cage size in m3, the stocking density per m3, the production cycle the user want to
assess in yeamand the amount of production in kg/tons. A detailed example for the German case
study is given ithe subsequent suigection dealing witlindicators(Economic Effects).

. aquaculture site assessed

83 waste diposal site

1852 m distance to aquaculture site

\ 100 m distance to aquaculiure site

Waterquality Descnption

high no waste disposal within 1852 meters

medium “ waste disposal within 1852 meters

low 8&; waste disposal within 100 meters

Figure 4 Exemplified asessment and determination of local water quality closadaaculture site
which is defined based orbackground pollution. This information is derived using a distance
calculationintheDL { f @ SNJ a.gl aidS RA&LRAIlT ¢

3.2.2. Indicators

The second part of the report includes information about tinéersectorial, environmental,
economic and socioultural indicators implemented, which are crucial éwaluatethe trade-off of
sitestestedand to interpret the resultsindicators included read as followed:

1 Inter-sectorialeffects
0 Spatial interactiormatrix*
o Spatial conflict potential (ghest conflict score with other human uses)*
0 Spatial synergy potential ighest synergy score with other human uses)*
0 Integrated Multi-Trophic Aquaculture potential (MTA; Yes or No, recommended
IMTA species)
0 Risk ofdisease spread (based on rimmum distance between aquaculture sites)
1 Environmentakffects
0 Agquaculture suitability1 ¢ 25; 25= high)
Wave height specific exposure of the Hite)
Current velocitym/s)
Sediment type
Chlorophyll arhg/m3; surface
Temperdure (°C)
Salinity(PSU)
Nitrogen (ol/L NO3surface)
Phosphous fnol/L PO4;surface)

O O0OO0OO0OO0OO0OO0o0OOo



AquaSpace 633476

D3.3

o Cumulative pressure (18; 8= high magnitude
0 Habitat vulnerability (43, 3 = highly vulnerable)

9 Economic #ects

o Economic performance (revenue, added value
o0 Economic effectiveness (benefiteeturn on fixed tangible assetepportunity cost)

0 Economic efficiency (net preserdlue)
o Economic impact (inducetinpact,indirect impact)

9 Sociecultural dfects

o Visual Impact (landscapesascapedistance to populatedreas)
o Cultural heritage (shipwrecks, archaeological sites, distance calculation)

o Tourism

*in combination with Fisheries, €@an energy Platforms, Cables, Pipelines, Sediment extraction,

Marine traffic, Waste disposal, &line Protected Areas (MPA)

3.2.21 Inter-sectorialeffects

Information aboutinter-sectorial dfects provided in the reportare mostly depending onser
input. The usehascompletedan interaction matrix to definspatialconstraints (scoré), conflicts
(score 25) and opportunitieqi.e.spatialsynergy potentiatiue to coelocation; score Lbefore testing
scenariodor aquaculture in a wider MSP contektee and ®izenmuiller, 2010; Gimpel et al., 2013)
In order to incorporate the high variability of MSP implementation processeéif@rent regions, the
input is kept flexible. Wreas sites designated fanarine conservatiorfBoyd and Service, 2014
waste disposamight constitute a constraintin contrast,wind energy development can offer a
possibility for spatial synergies with aquacultu@impel et al., 2015)Aso, the planning for new
aquaculturesites might be constrained hiynportant fishing groundqStelzenmidiller et al., 2013)

Thos areas should be highlighted as a conflict, where management measures need to be based on

trade-off assessments (e.g. opportunity costs). ThguaSpace tool offers the opportunitip

distinguish between high inteAsi &

TAAKAY 3

S) Tafd2nbtium t W\VC Risliirig SffeR S &

0 WC A 3 peBSadiitry &han completing the interaction matrigonflict scores cae defined based
on expert knowledge, or extracted from the literatufeee and Stelzenmudiller, 2010; Gimpel et al.,

2013)

Table 1 Interaction matrix based ooser inputto define constraints, conflicts and opportunities(i
synergies) Example for the German case study aquaculture Witentrarchudabrax

Aquaculture

Fisherieqg3)
Fisheries

Ocean energy
Platforms

Cables

Pipelines
Sedimentextraction
Marine traffic
Waste disposal

Marine Protected Areas (MPAS)

Tourism

5
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Table 2:Matrix of potential conflicts developed lyee and Stelzenmiiller (2018)o conflict = Omutuallyexclusive = 5. Redrawn froBimpel et al. (2013)

Aquaculture Fisheries Offshore Platforms Cables Pipelines Sediment Marine MPAs Waste
wind farm  (oil, gas) extraction traffic disposal

Aquaculture
Fisheries
Offshore Wind farm

5 -
2 2 -
Platforms (oil, gas) 4 5 5 -
Cables 0 2 2 1 -
Pipelines 0 2 3 2 4 -
Sediment extraction 5 1 5 5 5 5 -
Marine traffic 5 2 5 5 0 0 2 -
MPAs 4 5 5 5 3 3 5 4 -
Waste disposal 5 3 5 5 2 2 5 1 5 -
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Further, the highest conflict score of aquaculture with other human activities is indicated in the
report under spatial conflict potential. Conflict scores t@defined based on expert knowledge, or
extracted from the literaturglLee and Stelzenmdiller, 2010; Gimpel et al., 2@%3)resented in table
2.In contrast, the spatial synergy potential can be displayed. Spatiatetions of marine areas might
become increasingly important in the futurm, the light of sustainable development in the already
heavily used offshore marine realm. In applicatiohthe AquaSpacool, different spatial cdocation
scenarios for the coupling of offshore aquacultures with e.g. wind farms can be evaluatetbirio
support efficient and sustainable marine spatial management strategies. Both, spatial conflicts and
synergies are defined with the aid of the interaction matrix, which is explaindteituser Manual
subsectionCreate interaction matrix

As mentioned in section 3.1, thequaSpacé¢ool user slould be directed to act in a sustainable
way, beingmade aware of the ecological footprint of a specific aquaculture or its interaction with
other human activities. Integrated Mulfirophic Aquaculture (IMTA) systems combine aquaculture
species to recycle etfént dissolved and particulate nutrients from a higher tropleiel species (fish)
to nourish extractive, lower trophilevel species, such as filter feeders (mussels, oysters),
polychaetes, sea cucumbers and/or seawéNeéori et al., 2007; Gimpel et al., 2015; Troell et al., in
review) These systems aim at balanced nutrient budgets and minimize the waste production
originating from fed aquaculture species through the filtering capacity of other extractive species
clearing the water(Troel et al., 2009) Moreover, by using nutrient losses of higher tropleicel
species as feeding products, IMTA could provide additional economic befidditsi et al., 2007;
Gimpel et al., 2015)According tdBrigolin et al. (2009)or each torof farmed mussel harvested per
year 0.008t nitrogen (N; excreted in dissolved inorganic form) is immeddiadvailable for
phytoplankton uptake: this amount more than compensates the N exported as harvested mussel (Tab.
3). Such benefits can be used bylacating finfish and shellfish farms. Therefore, fkguaSpacéool
buffers polygons of existing aquaawe sites by 200m, indicating areas attractive for such an
approach.

Table 3 Estimated nutrient fluxes through an offshore musddytflus galloprovincial)s farm.
Assumed are 600t farmed mussels harvested per year.

Nitrogen  Phosphorus

introduced (atseeding) 0.8 0.07
ingested 16 2
removed (by harvesting 3.36 0.3
released (as excretion, faeces and pseizdmes) 12 15
in particulate form 15
in dissolved inorganic forr 4.8

Being part of inteisectorial effects, the potential for disease spread should be asseRssdof
infection decreases with distance from source, and modelled kernels of infection risk are widely used
in modelling spread of both terrestrifiKeeling et al., 200Bnd aquatic animal diseaséKristoffersen
et al., 2009)Patterns of decline risk have been assessedrifectious Salmon waemiaVirus (SA/),
Cardiomyopathy Syndrome (CMS) and Pancreas DideBséK(istoffersen et al., 2009; Aldrin et al.,
2010) Sa lice infestation pressure has been shown to decline with distascevell(Salama and
Murray, 2011; Middlemas et al., 2013; Shephard et al., 20B&%ed orthis, average distances have
been extracted for theAquaSpaceool. Precautionary assumptions capture the basic nature of the
risk interaction, averaged over different sites and seasand,so can be used for strategic planning.
The factors behind risk aigthe amount of pathogen produced) the rate of decay of pathogens and

10
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iii) the distance they are transported at a given concentration given this decayvatgay et al.,
2005)

A concentrationG of exponentially decaying pathogen (at rdtgafter a specific time can be
calculated as:

6 06 p h

whereBis the size of the pathogen sournermalised to a standard source.

Table 4 Decay rate rkamples from Spanish and German case studies. Decay rates are here considered
as fast {), moderate ) or simply unknown (?). Where decay is fast it may be approximatéd=by

0.1, for mediumk = 0.05. Uncertainty (confidence) is high for all cases here, but ranks from 1 = high
to 3 = very high.

Host Pathogen Decay Confidence
Germany SeaBass Nodavirus form 2
Dicentrarchus labrax  Vibrio f 1
Pasturella f 1
Mussels Marteilia maurini m 2
Mytilus sp. Picarnolikevirus form 2
Vibrio f 1
Spain Oyster Bonamia Osterae, B. exitios m 2
Ostrea spp. Marteilia refringens m 2
Crassostrea spp. Perkinsus marinus ? 3
Microcytos mackiini ? 3
Oyster Herpesvirus f 1

A specific timel(i far a particular proportion to be reached (say 10% of an index concentration
where B = 1) can be calculated as:

) x .
o} G%T Q ch

Assuming a tidal current displacemen&is2/p (Anon 2000) and the residual current velocit,is
the distance can be calculated as:

0
$

o}

)\

wheretyisthe minimum ofii & 12 hours.

So for a tidal amplitude, a residual currenb, anda pathogen decay rat& we can calculate the
time required for pathogens to decay to a given proportion of their initial concentration that is
considered to represent a level of risk of relevance to planning. @)\ Cxof 0.1 indicate for
instancefarms that are highly interacting Cxof 0.01 indicates a distance which should be kept at
fire break separation for notifiable disease spread of 0.1indicates aapid decaywhile a rate ok
= 0.0lindicated aslow decayTable 9. Acurrent velaity a indicatesshort term currentof 50 and 25
cm st andthe long term advectiorb values ofl or even2.

A final factor is the relative size of the source of infecBpthefarm biomasqSalama and Murray,
2011) In Scotlandfor instancemedian consented biomass of farms is about 900 tonnes so for

11
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simplicityB =H900, whereFis the consented farm biomass in tonn&hedding will also be altered
by prevalence of infectiv and shedding of pathogeriflrquhart et al., 2008; Gregp et al., 2009)
which can be included as variation Bif greater knowledge of specific pathogens dynamics is
available.

Table5: Pathogen specificistances at whichconcentration of exponentially decaying pathogériat
rate k) exists with atidal current displacemena and residual current velocity displacemeht Ffor
consented farm biomass in tonnds= 0.5, 1 or 2

G k a b FO0.5 F1 F2

0.05 0.1 50 1 7.71 7.96 8.21 ISA/

0.05 0.1 25 1 4.27 4.52 4.77 ISA/

0.01 0.1 50 2 9.70 10.19 10.69 precautionary IS¥X
0.1 0.01 50 1 12.67 15.17 17.66  sealice

0.1 0.01 25 1 9.23 11.73 14.22  sealice

0.05 0.01 50 2 23.46 28.45 33.44 precautionary lice

0.01 0.01 50 2 35.05 40.04 45.03 ultra precautionary

Allowing for these uncertainties a worked example is provided for German sea bass farms
(expected to be over 2000 tonnes biomagssuminga 5% decay per hour for nodavir@instead of
the 10% for ISAV)hen distances ohteraction could range from 4kin @= 25,b = 0.5 if both residual
and tidal currents are weak and with@x= 0.05) to 14.km (a = 25,b = 2 andCx= 0.01) for a
precautionary limit under strong tidal and advection currents. The main driver of uncertainty is the
appropriate current rgime for the southern North Sea.

3.2.2.2Environmentakffects

Information about environmental effects provided in the repdstmostly depending on data
alreadyincorporatedin the AquaSpac#ol. Data givingnformation about the suitability of a siteere
extracted from the WATEBRoIl (Where Can Aquaculture Thrive in Europehich specifies the
performance ofkey speciessuch as Mediterranean mussel or Atlantic salmas a function of
environmental data (i.e. seaudace temperature, dissolved oxygecurrent speed, chlaphyll a
concentration, depthjBoogert et al., 2017)

In order toshowthe degree of exposure at a tested site, the significant wave height (in m) is
output. Further indicators include current velocity meters per secondm/s) and thesediment
sensitivity, tassifiedon the base of the sediment type, i.e. rocks (5), mixed sedimBntgarse &
gravel(3), sand(2) andmud (1). Minimum, mean and maximum values are given per gridfoell
indicatorsuseful to assess the growth performance of a specieschierophyll a concentration at
surface (ng/m3), temperature (°C) andalinity (PSUxnd fr indicatorsuseful to assess the impact
from/on the environment, i.e.nitrogen (mol/L) at surface, and pbsphorus(mol/L) at surface
Unfortunately, adequate data about plastic marine debriParticulate Organic CarbdROG were
not available at European scale.

Forthe outcome of anecosysterbased MSP process to be sustainallé current and future
human activities together with their associated pressures on key ecosystem components have to be
included.The assessment of cumulatipeessuregequires a sound knowledge base of the complex
spatial and temporal relationships betéen human activities and the sensitivity of thevironment
(Stelzenmiuiller, 2008; Stelzenmdiller et al., 2010; Stelzenmdller et al.,.2018¥er to account for a
potential future shift insuchpressuregintroducingaquaculture sites on top of other pressures from
other human activitiethe AquaSpacéool accounts for cumulative pressures affecting the integrity

12
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of the marine habitatFollowing the approach describedHifliot (2002); UNEP/GRAYendal (2002);
Gimpel et al. (2013pll human activities occurring on a large scale in European waters were
categorised into generipressure categories comprisingibrasion (fisheries, ggregate mininy
alteration (marine transport, ggregate miningaquaculture finfish, aquaculture shellfidlourism,
waste disposd) contamination (fipelines marine transport, platforms, tourism, waste disposal),
enrichment(aquaculture infish, waste disposa] extraction (fisheries, aggregate mining), obstruction
(pipelines, platforms, windfarms), siltatiofaggregate mining, tourism, aste disposa] and
smothering (pipelines, cables, platformsndfarmg. Assigning a score of 1 to each pressure category,
the cumulative pressure indicator reflectssam of pressure categories found at eachlture site
tested (1¢ 8; 8 = high magnitude of pressurdh addition, we used a DPSI (DrifReessureState
Impact) conceptual model and deftions (Fig5) to illustrate the pathways of effects showing the
links between drivers of human activities (Driver) and thespective normalized pressures (Pressure)
occurring in theEuropean watergElliot, 2002; UNEP/GRAYendal, 2002)

Marine
ecosystem
Cumulative
Regime Hydrological Habitat Biota Environmental
Effects
f -
[\k i

M

Ecological
Biological
Component

| State ‘ ‘ Impacts

Pressures

Pipeli Marine Cabl Fisheri Oil & Gas Ocean Sediment ||Aquaculture || Aquaculture - Waste Anthropogenic
ipelines traffic aRles 1snenes platforms energy extraction (Finfish) (Shellfisch) disposal® activities

| Driver ‘

Figure5: Driver Pressure State Impact (DPSI) model visualising the allocation of human activities
(Drivers) to pressure categories (Pressure) having an effect on the state sfatkeof the marine
habitats (State) and therefore an impact on the ecosystem assessed (Infpedtawn fromGimpel

et al. (2013)*Waste disposal includesoastal discharge, dredge dumping and munitidasnping

sites.

In order to account for cumulative environmental effects and the risk of impact on ecosystem
components, essential but highly sensitigenthic habitats were scoredor their vulnerability to
aquaculture. Those scores-@, 3 = highly vukerable), combined with the respective EUNIS code of
these habitats,were modified from Alkiza et al. (2016and incorporated in theAquaSpace tool
assessmenfTab. 6) All of those habitats have been rated by expert knowledge as being incompatible
with aquaculture. As mentionedefore, each planning siteis buffered by a species specific
environmental footprint.Thus the Aqug®ce toolhelps preventhe destruction of highly vulnerable
habitats.

13
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Table 6 Habitat vulnerabilito aquaculture activityThe habitats are already linked to EUBBSing.
Vulnerability scores range froa3, with 3= highly vulnerable. Table modified fraktkiza et al. (2016)

Habitat EUNIS  Vulnerability to
code aguaculture
Infralittoral rock and other hard substrata A3 2
Atlantic and Mediterranean high engy infralittoral rock A3.1 1
High enegyinfralittoral seabed 1
High enegy infralittoral mixed hard sediments 1
Atlantic and Mediterranean moderate ergy infralittoral rock A3.2 2
Moderate enegy infralittoral seabed 2
Moderate enegy infralittoral mixed hard sediments 2
Atlantic andMediterranean low engmyy infralittoral rock A3.3 3
Low eneqgy infralittoral seabed 3
Low enegy infralittoral mixed hard sediments 3
Silted kelp on low ermrgy infralittoral rock with full salinity A3.31 3
Circalittoral rock and other hard substrata A4 2
Atlantic and Mediterranean high engy circalittoral rock A4.1 2
High enegy circalittoral seabed 2
High enegy circalittoral mixed hard sediments 2
\ery tide-sweptfaunalcommunitieson circalittoralrockor mixed A4l11or 3
faunal turf communities owircalittoral rock A4.13
Sponge communities on deep circalittoral rock A4.12 2
Atlantic and Mediterranean moderate erwy circalittoral rock A4.2 2
Moderate en&qgy circalittoral seabed 2
Moderate eneqy circalittoral mixed hard sediments 2
Faunal communities on deep moderate ege circalittoral rock  A4.27 2
Atlantic and Mediterranean low emgy circalittoral rock A4.3 2
Low enegy circalittoral seabed 2
Low enegy circalittoral mixed hard sediments 2
Brachiopod and ascidiamommunities on circalittoral rock A4.31 2
Faunal communities on deep low eqg circalittoral rock A4.33 2
Infralittoral coarse sediment A5.13 2
Circalittoral coarse sediment A5.14 2
Deep circalittoral coarse sediment Ab5.15 2
Deep circalittoral Seabed 2
Infralittoral finesand or infralittoral muddy sand A5.230or 2
Ab5.24
Infralittoral finesand Ab5.23 2
Infralittoral muddy sand Ab.24 2
Circalittoral finesand or circalittoral muddy sand A5.250r 2
A5.26
Circalittoral finesand A5.25 2
Circalittoral muddy sand Ab5.26 2
Deep circalittoral sand Ab.27 2
Infralittoral sandy mud or infralittoral finenud A5.330r 2
A5.34
Infralittoral sandy mud A5.33 2
Infralittoral finemud A5.34 2
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Habitat EUNIS  Vulnerability to
code aguaculture
Circalittoral sandy mud or circalittoral fimeud A5.350r 2
A5.36
Circalittoral sandy mud A5.35 2
Circalittoral finemud A5.36 2
Deep circalittoral mud Ab5.37 2
Infralittoral mixed sediments A5.43 2
Circalittoral mixed sediments Ab5.44 2
Deep circalittoral mixed sediments Ab5.45 2
Deep circalittoral mixethard sediments 2
Seagrass beds A5.53 3
Posidonia beds A5535 3
Seagrass beds on litoral sediments A2.61 3
Maerl beds A5.51 3

3.2.2.3Economic #ects

TheAquaSpac#ool providesa general economic view of the aquaculture activity according to the
future productivity and market expectationgconomicanalyses areconducted in different steps
providing both direct assessmeand economic impact assessmeiite assessment proceduig
explained and exemplified below.

Direct assessment comprises a quantitative assessment to evaluate the direct economic
performanceof anaquaculture activityand a qualitative (i.e. rating) assessmentisfeffectiveness
and its efficiency. This ratinstage is very relevant when trying to compare between two or more
aquaculture activitiesIndirect or induced assessment comprises an estiomabf the impact (i.e.
economywide effects)on other sectors(related to aquaculture) after introducing a production
change, i.e. a new production attached to the aquaculture sites.

The potential economic performance of the aquaculture actiitg. the contribution of the
plannedaquaculture site to thdocaleconomy is asessed in terms othe economic viability The
economicindicators are

YQU QE 6 € Q6 o BE WA OQu
0w YQUQ: @00 QI G HONMDOD OO AL U Qi
where AV is the Added Ve and intermediate or operating costs are e.g. fuel and feeding costs.

Theeconomiceffectivenesqi.e. the extent to which the specific economic objectives settled for
this activity areachieved)s measured througkhe following indicators:

YE "OVE 01 & "Q"Qc‘;ﬁ
€ O ..
Oe v Qi o% Qe o
where ROFTA is the Return on Fixed Tangiskes(aquaculture attractivenessr return of the
investment in aquacultuneand Profit iexpresseds:

01 &€ QB | Qa OQ& L oh
with remainingcostsase.g. salaries and wages.
OARNéET O@ETQD DY 'YE "OYph
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where AER is the Annual EquivalemteRof a potential investmenfpotential revenue that is
forfeited by not developing an alternatiwe the aquaculture activity)

Futher the economic efficiency igpresented by théNet Present ValuéNPV) and accounts for
the resources employed and results achieved with a time horizon of 5 and 1Q years

00w o wwh
where Tisthe number of years to consider whealculating the NPV. If NPV >0, the aquaculture

is considered as profitable activity.

Finally the sociceconomic induced (direct and indirect) impact on fim@duction and the AVs
assessed usimggional inputoutput multiplierswhichaccountfor the commaodities produced by each
industry and the use of these by other industries and uséfisile the calculation of Input Output
Tablesusing the Leontief model is described in Annex Il, the indicators are listed below:

"0 QO'BQUQANEH&M 1 £ QO 0 odROEP th
08 Q6 'RV VODP@E&PI £ Q6 0 DVO B ‘0z 0@y,
08 Q6 QOO & BIHDO & _ _ 3
O"QWO "QEVEDAVTID 0 O0WE | € Qb6 wO0ROED ¢h
08 Q6 QY VQDPE GIHDO © . . 3
0" Q" QEEOAVTED O O00@R | € Q0 o VEoE ‘Oz 0"M oh

where 0 is the technical coefficientsatrix, O "@e direct impact (e.g. revenuesand O 0

the Leontief inverse matrix

Table 7 Input for a production increase per region, based @gional inputoutput models and
exemplified for Germanytaly, Spainand Uk Input parameters will be offered bgquest.

INTEREST INDUCED DIREC INDUCED TOTAL INDUCED INDUCED INDIRECT
RATES IMPACT ON INDIRECT IMPACT DIRECT IMPACT ON ADDED
PRODUCTION IMPACT ON IMPACT VALUE
PRODUCTION ON ADDED
VALUE
GERMANY‘ 0.08 0.26 0.45 1.45 0.16 0.27
ITALY \
SPAIN | 0.00 0.49 0.9 1.94 0.21 0.39
UK 10.25 0.56 0.98 1.98 0.12 0.21
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Table 8:Economic (Impact) Analysis exempliftgda planned aquaculture witBuropean Seabass in Germabgtails specifieds followed: Investment
on equipment (per cage/trestle/longlinedOther investments (excl. Equipment, land facilities and propertidayestment on land facilitied;Investment

on properties;® Market value culture species per tohAverage no. of days at sealture site;” Average fuel costs Euro/krhAnnual expenditure on
wages/salaries) Intermediate costs variable (e.g. juveniles/seeds/fodtiDther costs (variable}! Annual rate on capital resources (%)intermediate
costs fixed (e.g. insurance/rimienance and repair ship)® Other costs (fixed)Aquaculturespecific information modified frorkbeling (2016)nterest

rates for Germanyaken fromIMF (2017)

Description Unit Quantity Price/Unit  Total value
Production cycle years 1
Production density tons/m3 orha 0.01255

Cage size/areg m3ha 8960

Production quantity tons 4000

Distance(lexample)| km 31.48

Number cages/longline| quantity 36
Investment cagglonglines | Euro 1173000 MHIHHY ZAN
Other investments| Euro 19000000 M dZnnnznan
Costs/land facilities| Euro 1500000 MZPpAANZANAnN
Costs/propert§ | Euro 12724525 MZHTHZNPH
Revenues
Gross revenue tons 4000 5500 HHZAnnnzZnn
Variable costs

Fuel (0.55 Eurol/litre; 4.98uro/km§’ | days at sealy 53 15284.85232 Mp S HYy n ®dy p

fuel costs Euro/km 4.58
Wages$ | Euro 399960 o dcndn
Intermediate costs (e.g. juveniles/seeds/fdb| Euro/ton 2070.00 YZHYNZnnAan
Other costs (variabl&) | Euro 48142875 nymMInHy®T
Interest on operating capital (in %) % 9176673.60 0.07 CNHXZoCT ®w

Total variable costs

hZymdbpzZann
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Description Unit Quantity Price/Unit Total value
Fixed costs
Intermediate costs (e.g. insurance/maintenance and repair ¥h Euro 48125 Ny ZMHpP ®Pnn
Other costs (fixed) | Euro 34823525 O0INYyHZOPpPH

Interest on property
Interest on fixed capital (without property
Total fixed costs

Total costs
Net return

ECONOMIC ASSESSM
Revenue
Profit
Added value
RoFTA(Return on Fixed Tangible Asset:
Opportunity cost
NPV (Net Present Value

ECONOMIC IMPAC

Induced direct impact on productiol
Induced indirect impact on productiol
Total impact

Induced direct impact on added valu

Inducedindirect impact on added value

Euro
Euro
Euro
%
%
Euro

Euro
Euro
Euro
Euro
Euro

1272452.5 0.07
3530477.50 0.07

yhozZntmdcy
HNTXMO0O®n
O2YyCC2ZCVYH

MOZCYPZTH
yZoMnZHTC

HHXnnnxnn
y2ZO0OMNO2ZHTC
MOZCTMZYT
0.13
0.05
-bXcnozynt

p2yH@2npd
HXCOMXZMI/H
omMXZdonzyn
oznTtnzychn

pEZpPMHIZpAT
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In orderto provideinformation about sociecultural impacts, e AquaSpacéool offers spatialy
analysed dataof Wisual impacor case study regions population density layer with a distance
buffer isimplemented as & @ A a dzl {CJi.eNFIO BHaliamd Mhere are people exposed to features

in a view)lt is important to distinguish between:

0] The visibility of particular sitesfrom specified locationge.g. properties, settlements,
transport routes, viewpoints), including offshoreutes if appropriate. Thigformation is
limited to a 5.%m radius.

(i) The relative visibility of seascapes from 'all' locations (in reality a subset)onstiore
and offshore provides a means of considering where there are 'hot spots' and gaps from

where features may be visib{@able 9)

Table9: Examples ofisibledistance to the horizon for different heighof object or observe(Miller
and Morrice, 2002)In the three last rows, the observer is supposed to be in Wales.

Height of Height of Distance (nm) Didgance(km) Example

observer (m)  object(m)

1.8 100 25.1 46.4 Man-made structure

1.8 50 18.6 34.4 Man-made structure

1.8 1.8 5.9 10.9 Two observers of equal
height and elevation

1.8 0 3 55 Observer on beach

1085 0 72.8 134.9 Top of Mt. Snowdon

892 0 66 122.3 Top of Cadaildris

311 0 39 72.2 Top of Mynydd Caregog

Further, informationare offered on locations of cultural heritage sites. Those sites, including for
instance ship wrecks, are analysed using distdvased calculation functionsnplementedin the
AquaSpaceool. Anotherindicator providinginformation about sociecultural impactsis based on
spatialy explicit information about areas of recreation. The/ RA O (i 2idpardiiegdgdtfusing Q
the distanceto any features related to recreation (short distae = high impact, long distance = low
impact). ltcomes already with information about bathing sites, but its extent is Kegible. All kinds
of information important at case study level can be incorporated (Sser Manual section on
Customization options While spatial information are rare for e.g. the German case study, datasets

for Scotland comprise among other things dive sites, historic MPAs, sailing areas (cruising, racing,
sailing) or anchoragsites.d ¢ 2 dzZNA aYQ A &

impact aquaculture activities have on recreational sites.

RAadlyOs

6F3SR AYRAOI
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4. AQUASPACE TODUTPUTS

The visualisation of tool outputs ovided bya pdtformatted report, generated for each tool
run (Fig. 6)which containschartsfacilitating the comparison of different scenarios asseg$ed.7)
at specific sites (Fig..8)

Site specific information

Details

Ecosystem marine

Water depth -17.65 inm

Water quality 3 1-3; 3=high

Management information

UNCLOS area DEU territorial waters indicating boundaries

Conservation area none list of Natura 2000 and national park sites

Aquaculture specific information

Aquaculture Shellfish

Species to be cultivated Mediterranean Mussel

Culture system no data available number equipment: 36

Production density 0.0125 tons per cbm or tons per ha

Production cycle 1 years

Production quantity 4000 tons

Intersectorial effects

Spatial conflict potential 5 2-5, 5=high, 0=no conflict, human
activity=tbd

Spatial synergy potential 0 0 or 1, 1=synergy, 0=no synergy, human
activity=tbd

IMTA potential 0 0 or 1, 1=IMTA potential, 0=no IMTA
potential

Risk of disease spread 1 1-3, 3=high

FHgure 6: Extract of theAquaSpace Assessment Repdhte visualisatioof tool outputs is ensured on
the basis of a pdformatted repot, generated for each tool rurprovided with charts (Fig. @nd a
map (Fig. 8)

In order to describe dected tool outcomes, figure visualises graphs showittge environmental
indicators Aquaculture Suitability, Water Depth, and Wave Height specific Exposure of thehgite
might get relevant for stakeholdersquiring spatial explicit information searchof suitable sitegor
their culturing species as well as for their aquaculttype-specificequipment. While aguaculture
suitability was highest in the'®scenario assessed, a shallow water depth might be preferred as given
in the 8" scenario assessetloreover, the slightest wave height specific exposure of the site was
given inthe 39and 5" scenario assessed.
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Aquaculture Suitability Water Depths Wave Height Exposure
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Fgure7: Visualisation of selecteghnvironmentalindicatorsAquaculture Suitability, Water Depth, and
Wave Height Exposufer each of 5 sites, which could hedfakeholders assessieguipment needed
for aguaculture at eachites.

The report map can be designed individually. In order to defirdackground layer, the user can
choose from all map layers available. Figure 8 presamexample, where a cuulative pressure layer
wasselected.The number of scenarios which can be assessed is not limited. Nevertheless, in case of
calculating more than five scenarios simultaneously, the taputs a csv file (Tab. 10). As shown
below, 10 scenarios were calculated for demonstration pgin application of the AquaSpace tool.

All indicators which can vary in between those scenarios will be listed.

Such a transparent visualisation technique facilitatesieHective implementation of MSfor
aquaculture enabled by using spatially eigit methods and toolsi) theimplementation of a spatially
explicit (Gl$hased) multiuse context, addressing the functionality for cumulative risk assessments
and conflict analysjsand iii) theimplementation of an ecosystem approach, explicitly cdesng
economic and market issueghe latter allowdor more informed, evidenc®ased decisionswhich
gains on significance, especially for industry:

Aquaculture companies face considerable challenges and take on considerable risk in establishing
and opeating an aquaculture site. Gaining and maintaining stakeholder support by demonstrating
economic benefits on a proactive and periodic basis can help limit overall projec{Pisksstead,

2012) Outputs of an economic impact analysis are typically used to demonstrate the economic
importance of aquaculture operations to:

91 Decision makerthat generally approve aquaculture operations.

1 Community stakeholders that can control and approve the issuance of permits.

9 Other stakeholders such as NGOs (and otherprafit organizations) that want t@nsure
that aquaculture operations benefit local communities.
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Fgure 8: AquaSpace tool output map fdolue musselscenarios 1% 30), the casespecific port
selected Hornum/Sylt) areas of constraint, synergy and conflict, management boundaries, afeas
aquaculture production and a cumulative pressure map, selected manually as background thap for
AquaSpac#ool map output.The AquaSpace tool can be applied for an unlimited amount of scenarios.
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Table 1&: Exemplifiecbutput file inCSMormat giving an overview aboumdicators assessed duridgjuaSpacéool application(part 1) Indicators useful to
assess the growth performance of a species (i.e. chlorophyll a concentration at surface, temperature angasalimotyincluded(AV = Added ValugTA
= Integrated MultiTrophic AquacultureNPV = Net Present ValuRoFTA =durn on Fixed Tangible Assets)

Scenario IMTA Risk of Spatial Spatial Aquaculture Cumulative Current Habitat Nitrogen Phosphous Sediment Water Water Wave
(site  potential disease conflict synergy  suitability pressure velocity  wulnerability sensitivity depth quality height
number) spread exposure
1|0 1 5 0 5 2 0.19 2.08 0.1 2 -2311 3 117
2|0 1 2 1 5 4 0.25 1.71 0.1 2 -21.83 3 1.95
3|0 1 2 1 5 4 0.16 0.43 0.1 2 -2222 3 2.01
4.0 1 5 1 5 4 0.15 0.32 0.1 2 -29.53 3 2.01
5|0 1 5 1 5 4 0.18 0.15 0.08 2 -42.2 3 1.98
6|0 1 5 1 5 4 0.16 0.2 0.07 2 -4538 3 1.87
710 1 5 1 4 4 0.6 0.2 0.07 1 -41.71 3 1.84
8|0 1 5 1 4 4 0.21 0.18 0.18 1 -41.39 3 1.8
9]0 1 5 1 5 4 0.19 0.16 0.31 2 4233 3 181
0|0 1 5 1 5 4 0.6 0.17 0.05 2 -39.65 3 191
11| 0 2 5 1 5 4 0.37 0.1 0.05 1 -41.41 8 1.85
12| 0 1 2 1 5 4 0.24 0.1 0.05 2 -39.26 3 1.78
3|0 3 2 1 5 4 0.17 0.32 0.1 2 -38.83 3 1.82
14 | 0 1 2 1 5 4 0.17 0.69 0.1 2 -30.48 3 1.86
15| 0 1 2 1 5 4 0.15 1.17 0.1 2 -33.08 8 1.88
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Table 10bExemplified CSV file giving an overview about indicators assessed during AquaSpace tool applicatiom@eatd@s useful to assess the growth
performance of a species (i.e. chlorophyll a concentration at surface, temperature and yafi@itpt included(AV = Added ValuéyITA = Integrated Muki
Trophic AquacultureNPV = Net Present ValuRpFTA = Return on Fixed Tangible Assets).

Scenario AV(in Induced direct Inducedndirect Induced direct  Induced indirect NPV Opportunity  Profit Revenue ROFTA Cultural Tourism Visual
(ste  mio) impact on impact on impact on AV impact on A\in costs (in mio)  (in mio) heritage impact
number) production(in mio)  production(in mio) (in mio) mio)

1| 13.67 572 2.57 3.52 5.94 -29.62 0.0545 8.32 22.00 0.1299 132 0

2| 1367 5.72 2.57 3.52 5.94 -29.62 0.0544 8.31 22.00 0.1298 139 0

3| 13.67 5.72 2.57 3.52 5.94 -29.62 0.0537 8.27 22.00 0.1292 210 0

4| 13.67 572 2.57 3.52 5.94 -29.62 0.0537 8.26 22.00 0.1291 208 0

5| 13.67 572 2.57 3.52 5.94 -29.62 0.0536 8.26 22.00 0.1290 204 0

6 | 13.67 5.72 2.57 3.52 5.94 -29.62 0.0533 8.24 22.00 0.1287 226 0

7| 13.67 572 2.57 3.52 5.94 -29.62 0.0531 8.23 22.00 0.1286 234 0

8| 13.67 5.72 2.57 3.52 5.94 -29.62 0.0530 8.22 22.00 0.1284 245 0

9 | 13.67 5.72 2.57 3.52 5.94 -29.62 0.0532 8.24 22.00 0.1287 204 0

10 | 13.67 5.72 2.57 3.52 5.94 -29.62 0.0538 8.27 22.00 0.1292 162 0

11 | 13.67 5.72 2.57 3.52 5.94 -29.62 0.0536 8.26 22.00 0.1291 158 0

12 | 13.67 5.72 2.57 3.52 5.94 -29.62 0.0536 8.26 22.00 0.1291 134 0

13 | 13.67 5.72 2.57 3.52 5.94 -29.62 0.0538 8.27 22.00 0.1293 120 0

14 | 13.67 5.72 2.57 3.52 5.94 -29.62 0.0540 8.28 22.00 0.1294 89 0

15| 13.67 572 2.57 3.52 5.94 -29.62 0.0542 8.30 22.00 0.1297 81 0
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5. USERVIANUAL

Thisuser manualescribes the preparatory work, sequence of steps and related tasitghe
user should undertake to apply thqueSpacetool. It assumes a knowledge of the toobncept,
functionality and outputs described in preceding sections. The manual describes how tbthestal
tool and how to use it.

5.1. The AquaSpacetool: a brief insight

The AquaSpacedool enables the user to assess individual marine site locations plafored
aquaculture in terms of essential biological, ecological, economic, physical and social dsfects.
implemented as an Addlfor ArcGIS Desktop (from 10.3.1 and ArcGIS Basic with Spatial Analyst). The
initial installation of theAquaSpacdool is a manual process of copying/pasting of file packages
provided. Allsteps are precisely described underlastall the AquaSpace tool files

Important to mention is that theAquaSpacéool comes initially vth an EUwide data package,
provided as filesGDB10.3.Implemented are basic settings for test runs at German case study level,
allowing the check if the installation procedure was performed properly. Ensuing from that, the user
can customise the tool stmgs individually and evemeplace datasets. Those proceduresre
explainedunder =>Customization optionbut requirea minimum of ArcGIS usage skiRegister via
https://gdi.thuenen.de/geoserver/sfiwww/agspce.htil to get access tocomprehensive video
instructions for installation process and usaxf¢he tool- provided online(https://free-redmine.saas
secure.com/projects/aqup

5.1.1.  AquaSpacetool components

The user receives via> https://gdi.thuenen.de/geoserver/sfiwww/agspce.htméhccess to the
AquaSpace Redmineebsite, whereall AquaSpacéool files, technical documents as well agdeo
instructionsare provided facilitating the installation and testing of the AquaSpace .tdbé current
status of technical documentatiocan be foundunder=> Documents. In additiomiser requests (in
particularregardingtool bugs, data hints or supporeéquestg canbe placed under=>New Issue.

The tool is composed of:

1 Themxd (ArcGIS formaproject
1 The tool bar
1 TheGeodatabas§GDB)

TheArc GIS mxd filgisualises the spatial extent of the tool in terms of a background map (estri bg
map), all data sets required to run the tool and the respective symbolog\ojFidnerefore, it enswas
the correct symbolisation and patis | @ | fvleh usingtthie tod.
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guEsEEEBEEn

Figure9: The AquaSpaamxd, including the table of contents (right), the Aquagggggx?dolbar (top) and
the Arc GIS catalog winddfright), showing the Aqugsce @odatabase.

) fecTooior | B Table Of Conterts

TheArc GIS toolbaallows the user to select the country to be studiedhich limits the spatial
extent of the data processed and speeds up the assessment préfdiesuser favours another extent
than the one on country level, he can define it manu@iyzooming inorogtdza A y 3 (G KS o f dzS W
SEGSYyiGQ odziliz2zy 6KSy (i K8xt, R&Susdr NB ® defirie & foyt fromwdichl R 2 dz&
location the aquaculture site should be managed and supplied. The port is used as a baseline for
economic, distace-based calculations. Thepeciescan be chosen subsequently and forms the
baseline in terms of suitable area to be assessed. In order to define that layer, which should be visible
in the final result map as background layer, the user can choose orlentdlayers availabl€inally,
the user carstart selecting the particular locationkat will be considered in the calculatiofw the
aquaculture species he wants to assess. If different interactions combinations shall be evaluated per
model run, theuser can define varying scorings by using the purple button opening up the interaction
matrix tool (Fig. 10).

Country - Port ~ Species ~ Map Layer = P'Site Location @ _

Figure 10 The AquaSpace toolhasimplifyirg the selection of the extent (@ntry), the harbour from

which the aquaculture site will beupplied Port), the aquaculture species he want to assess (Species),
the background layer which shall be highlighted in the result map (Map Layer), The manually defined
extent (blue button), thesiting tool (Site Location) and the Interaction matrix t¢alirple button)

(from left to right).

The GDBtemplate contains althe requiredfeature classes with table schemes as implemented
and applied by theAquaSpacé¢ool. For eaciGDBitem metadata have been acquirédat descrike
the item itself(feature class or GDB tabla¥ well as the content of each field of table scheime.
ArcGlShe metadatacan be viewedsia the user interfacdy selecting=> Item description from a
f | & SSNdertiesmenu It canalso be accessed from ArcMap, CatalMgndow => right click
desiredfeature class =#tem description (Figl1).
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Catalog £ Itern Description - cumulative_pressures

e-o e Ba E-lal
Location: | L3 ecba_tool_dsta0.gcb ]

Description Preview

Name ~ & Print ¢ BEdit & Validate & Export %] Import
[ General_information
PR Intersectorial cumulative_pressures
P Socio_cultural File Geodatabase Raster Dataset
[ Atlantic_Szlmon
@E\ua_mussel

{8 chl_a_max
@chl_a_mean Th "_'
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cndaﬁsad\mant
[E=l code_vhabitat

[EZ) ConflictMatrix DEU
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Tags
Cumulative pressures, pressures, cumulative, additive, categories

@ Depth & Copy Summary

ESeconomic %  Delete Cumulative pressure layer of human activities visualising the allocation of human activities (Drivers) to pressure
categories (Pressure) having an effect on the state of the state of the marine habitats (State) and therefore an

[ European

P Rename :
B European impact on the ecosystem assessed (Impact).
) > CreateLayer..

|E Fisheries_ Description

(& Fisheries_ Load 4 Cumulative pressure layer of human activities. Current human activities have been categorised according to their

B8 Mediterra Export 3 pressure category.

[E#no3_max Build Pyramids... Abrasion: Fisheries, Aggregate mining.

#no3 mear Calculate Statistics.

[#no3_min Alteration: Marine transport, Aggregate mining, AQ Finfish, AQ Shellfish, Tourism, Waste disposal.

& Generate Tile Cache...
Pacific_Or Contamination: Pipelines, Marine transport, Platforms, Tourism, Waste disposal.

B pod max | Ml Share Asimage Senvice..
i pod mean |Z] tem Description...
@poti_mm & P Obstruction: Pipelines, Platforms, Windfarms.
rties...
I@Pressure_ roPE
@Rainbuw_truut

B s_max View or edit metadata about this Smothering: Pipelines, Cables, Platforms, Windfarms.
- item. While the ltem Description

Extraction: Fisheries Aggregate mining

Item Description Siltation: Aggregate mining, Tourism, Waste disposal.

s mean window is apen, you can click on Enrichment: AQ Finfish, Waste disposal.

s min a different item in the Catalog

i sal_max window to immediately see its

B sal_mean metadata in the window, without Credits

@ I having to use this command Gimpel, A., Stelzenmuller, V., Cormier, R., Floeter, J., and Temming, A. 2013. A spatially explicit risk approach to
sal_min again. support marine spatial planning in the German EEZ. Marine Environmental Research, §6: 56-69. v

[ sediment

B8 temp_max

{E#&temp_mean

@tampimm o

e e

< >

Figure 1: Arc Map catalog window with the AquaSpace Geodatabase (left)etadata can be
examined via thetém description here exemplified by the cumulative pressures layight).

5.1.2. Process vew

Each tool section (e.g. User Input) addressas specific process steggs shown in figure2l The
users inputdefines the study area (country), the port from which aquaculture business should be
transacted, the culture species, the corresponding culture system, the compilation of constraining,
conflicting or synergistic human uses and the aquaculture locatiobs tested. While doing so, the
user is directed to act in a sustainable way, being aware of e.g. the ecological footprint of a specific
aquaculture or its interaction with other human activities. Consequently, AtpiaSpacetool
estimates allopportunities and riskdased on intersectorial, environmental, economic and socio
cultural indicatorsTool outputs (i.e. AquaSpat®ol Assessment Report) are provided in {ioifmat,
whose design offer a transparent summary of all tool runs (i.e. scenarios) angsghective indicator
values. Given are general site information (e.g. species, water depth, water qualityjsécterial
effects (e.g. spatial conflict potential, disease spread), environmental effects (e.g. degree of exposure,
cumulative pressures, stiance to waste disposal sites) and economic and market issues (economic
performance, effectiveness and efficiency). Further, the report is equipped with visualisation
techniques like mapping and graphics, enabling the user to proactively commubojgadetunities
and risks A transparent information policy builds stakeholders support, which is critical to the
successful establishment of aquaculture and ongoing operations.
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Figurel2: AquaSpace tool conceptual overvieliheusers inputlefines the study areae(g.country),

the port from which aquaculture business should be transacted, the culture species, the
corresponding culture system, the compilation of constraining, conflicting or synergistic human uses
and the aquaculture locatits to be tested Next to general input data (e.g. management area or
culture system to be assessed), intctorial, environmental, economic and socigtural data are

processed.

5.2. Installation guide

A quick start gideto install the scripts, add the GI2Bd connectll the required processing and
storage paths for theAquaSpaceool to work correctlyis given undeQuick start Subsequently, a
detailedworkflowis giverwith supportto install all files needed to run the todhétall theAquaSpace
tool fileg), clippingcase studyatasets(Clip your data s@tcustomisation procedure@Customization
options), create an interaction matriCreate interaction matrijxadd your economic input dat&dd
your_economic inpytand how to perform the site assessmen{Perform site assessméenivith
different scenaricevaluationgScenario building(Fig. 13)
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Figure B: Visualisation of the AquaSpace tool installation apglication process.

5.2.1. Quick start guide

1. Part ofAquaSpac#ool Installation

il

il

Check theAgquaSpacedool system requirements carefully, seénttp://free -redmine.saas
secure.com/documents/gi3

Watch the video of installation process, see htfjp://free -redmine.saas
secure.com/documents/Sh

Get the latest version under> News consider your ArcGIS version and follow the
installation/update instructions carefully, in case you have questions please do not hesitate
to place your support request underNew issue

Watch the video for AguaSpace tool usage, see [ittps:/free-redmine.saas
secure.com/documents/9]

Test your local installation by a test run using the default GDB (German case study) simply by
starting theAquaspace_pro.mx(ile under=>Clarcgis_addihAquaSpacdData,if you get an
error or warning please check the track list under issuebttfjs:/free-redmine.saas
secure.com/projects/aqua/issu@isand place a new issue here in case you could not find the
support you need

2. Part of GDB Data Adjustments for your AquaSpace case study area

il

dip your country data set / case study are¢his step issecommended in case there is no
case studyarea listed under prepared country datasets, seéttffs://free-redmine.saas
secure.com/news/4§. In this context, by offering an Edide data package we aim to
minimize the user effort of data harmonization and data adding. But for ArcGIS performance
issues it is highly remmmendedto clip your country case study data set, see video
instructions [pttp://free -redmine.saasecure.com/documents/8R. This step is completed
as soon as your clip result is stongubler =>Clarcgis_addibAquaSpaceDataand is renamed
by the standardecba_tool_data0.gdb

Add your own data to the AquaBce GDB, see Hitps:/free-redmine.saas
secure.com/documents/92

Qreateyour individual interaction conflict matrix, S€Eool use case: create interaction matrix
Now you are ready for using thAquaSpacelool for your case stugyplease go torool

appliation
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