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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 process in the context of Integrated Coastal Zone 
Management (ICZM) or Marine Spatial Planning (MSP).  

The AquaSpace tool is designed to allow for a spatial representation of opportunities and risks of 
a proposed aquaculture activity at a specific marine location in a multi-use context. Specifically, 
opportunities relate to socio-economic assessments of the added value of an activity, food security or 
expected revenues; while risks relate to an evaluation of combined environmental effects of the 
planned activity and the additional pressure contributions of a new aquaculture activity to the overall 
human pressures in a management area. 

The AquaSpace tool is one of the first Geographic Information System (GIS)-based spatial planning 
tools that allows for a spatial explicit and integrated assessment of indicators reflecting the economic, 
environmental, inter-sectorial and socio-cultural risk and opportunities for proposed aquaculture 
systems, based on a bottom-up approach. Tool outputs (i.e. AquaSpace tool Assessment Report) 
comprise detailed reports and graphical outputs which can facilitate planning trade-off discussions 
hence allowing key stakeholders (e.g. industry, marine planners, licensing authorities) to proactively 
communicate effects of alternative scenarios and take more informed, evidence-based decisions on 
proposed aquaculture.  

Such a transparent visualisation technique facilitates i) an effective implementation of MSP for 
aquaculture, enabled by using spatially explicit methods and tools, ii) the implementation of a spatially 
explicit (GIS-based) multi-use context, addressing the functionality for cumulative risk assessments 
and conflict analysis, and iii) the implementation of an Ecosystem Approach to Aquaculture (EAA), 
explicitly considering economic and market issues. This integrated approach will support the licensing 
process and facilitate investments. 

This report provides a guide for users of the AquaSpace tool. Introductory sections 2-3 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. Annex I gives sources for information needed to use the tool. 
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SOFTWARE AVAILABILITY AND SYSTEM REQUIREMENTS 

 
Name of software: AquaSpace tool - a GIS AddIn 
Developers: Antje Gimpel, Sandra Töpsch, Vanessa Stelzenmüller 
Email: antje.gimpel@thuenen.de 
Year first available: 2017 
Operating System: Microsoft Windows 7, Windows 8/8.1 (32 or 64 bit) or Windows 10 
Processor/CPU: 2.7 GHz Intel Core i5 processor or equivalent (4 cores) (hardware below/above will 

increase/decrease tool run times) 
System RAM: 4 GB total minimum, 16 GB recommended 
Windows Feature .NET Framework: .NET 4.6 Framework 
ESRI ArcGIS: ArcGIS Desktop Basic, Standard, Advanced + Extension Spatial Analyst, Developed with 

10.3.1 
Python Environment: Standard Python library 32bit of ArcGIS installation 10.3 and higher 
Program size: 1.7 MB; GDB 400 MB 
Availability: https://gdi.thuenen.de/geoserver/sf/www/aqspce.html 
Cost: nil 
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CITATION AND COPYRIGHT 

 
Copyright 2017 Thünen Institute of Sea Fisheries 
 
RECOMMENDED CITATION 
--------------------- 
Gimpel, A., Stelzenmüller, V., Töpsch, S., Brigolin, D., Galparsoro, I., Gubbins, M., Marba, N., Miller, 
D., Murillas, A., Murray, S., Pastres, R., Pinarbasi, K., Porporato, E., Roca, G., and Watret, R. 2017. 
AquaSpace tool to support MSP. Thünen Institute, Hamburg and AquaSpace project (H2020 no. 
633476), Oban. Deliverable 3.3. Pdf obtainable from http:// www.aquaspace-h2020.eu 
 
Gimpel, A., Stelzenmüller, V., Töpsch, S., Galparsoro, I, Gubbins, M., Miller, D., Murillas, A., Murray, 
S., Pinarbasi, K., Roca, G., and Watret, R. (submitted). A GIS-based tool for an integrated assessment 
of spatial planning trade-offs with aquaculture. 
 
This tool is a result of AquaSpace (Ecosystem Approach to making Space for Sustainable 
Aquaculture) project, funded by the European Union under the H2020 Programme (grant agreement 
no. 633476). 
 
LICENSE 
-------- 
The AquaSpace tool is available via the AquaSpace Redmine website: http://free-redmine.saas-
secure.com/projects/aqua. 
Permission is granted by registering for the AquaSpace Redmine website 
(https://gdi.thuenen.de/geoserver/sf/www/aqspce.html). The AquaSpace tool is to be used for 
scientific purposes only. 
The AquaSpace tool is free of charge. 
 
Redistribution is not permitted. 
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 COPYRIGHT HOLDERS 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 ARE 
DISCLAIMED.  
IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, 
INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES  
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF 
USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)  
HOWEVER CAUSED AND ON ANY THEORY 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 POSSIBILITY OF 
SUCH DAMAGE. 

 

http://www.aquaspace-h2020.eu/


AquaSpace 633476  D3.3 

 

1 
 

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 at https://free-redmine.saas-
secure.com/projects/aqua and should therefore be used in conjunction with the website. Whereas 
the online support provides access to all AquaSpace tool files, technical documents and manuals / 
video instructions facilitating the installation 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 should undertake to 
apply the tool. 

This manual aims to provide clear and user-friendly instructions about the terminology used, the 
concept of the AquaSpace tool, ŀƴŘ ǘƘŜ ǘƻƻƭΩǎ functions and indicators for a holistic ecosystem-based 
Opportunity and Risk Assessment that applies the EAA to MSP. Moreover, it includes suggestions for 
successful completion of such an assessment. 

It is highly recommended to read through the AquaSpace tool description and background 
information BEFORE starting with the setup of the tool. Below is some guidance for using the manual: 

1. The rationale for the development of the AquaSpace tool is given in THE AQUASPACE 
TOOL: RATIONALE AND BACKGROUND. 

2. The concept, tool indicators 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 described in AQUASPACE 
TOOL OUTPUTS. 

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

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

6. Where limited data may make it difficult to complete actions described in the manual, 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 uncertainty associated 
with an assessment based on limited data. 

7. The tool can be used iteratively to compare a set of spatial management scenarios with 
aquaculture (e.g. varying farm locations, species or production quantities). 

  

https://free-redmine.saas-secure.com/projects/aqua
https://free-redmine.saas-secure.com/projects/aqua
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2. THE AQUASPACE TOOL: RATIONALE 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 deliver food security and increased employment opportunities 
through economic growth with a long-term view. 

An effective implementation of MSP for aquaculture is enabled by using spatially explicit methods 
and tools. Studies within the AquaSpace project revealed a need for tools allowing: 

¶ The implementation of an ecosystem approach incorporating the functionality required to 
support an EAA implementation and explicitly considering economic and market issues. 

¶ The implementation of a spatially explicit Geographic Information System (GIS)-based multi-
use context, addressing the functionality for cumulative risk assessments and conflict analysis. 

¶ The intuitive design of the interface, which is meant to be end-user driven, allowing industry 
and policy-makers to make more informed, evidence-based, decisions. 

One promising solution identified during a comprehensive gap analysis in Gimpel et al. (2016) was 
to develop a tool that could be used to support an Opportunity and Risk Assessment. Such a tool would 
allow for a spatial representation of all risks and opportunities of a proposed aquaculture site in a 
multi-use context (Fig. 1). The AquaSpace tool was developed as a GIS Addin under Arc GIS to allow 
users to compare risks and opportunities over a number of potential sites. It includes functions that 
enable the user to assess the spatially explicit performance (under different aquaculture planning 
scenarios) of inter-sectorial, environmental, economic and socio-cultural indicators. 

 

 

Figure 1: 1st vision of the AquaSpace tool, visualising opportunity and risk categories which should be 
included when assessing spatial management options for aquaculture. 

Thus, risk indicators reflect for instance the spatial conflict potential between human uses, habitat 
vulnerabilities or combined environmental effects of proposed aquaculture activities, direct and 
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indirect economic costs or visual impacts. In contrast, indicators reflecting opportunities of a planned 
aquaculture site comprise total expected revenues or synergy potential with other sectors (Gimpel et 
al., 2016). 

To promote tool exchange and its general applicability, the AquaSpace tool comes with a GIS 
Geodatabase (GDB) which already integrates several data sets at a European scale. Reflecting the need 
for spatial explicit assessment approaches to be easy to access, the AquaSpace tool aims further to 
facilitate the integration of spatial layers generated by other models and tools. In other words, it can 
be also regarded as an ArcGIS based platform that brings together spatial outputs from models, which 
can produce a data format that can be imported into ArcGIS. 

 

 

Figure 2: Open Geospatial Consortium Web Feature Service Interface Standard (WFS) provide an 
interface allowing requests for geographical features across the web using platform-independent 
calls. In the future, the AquaSpace tool will directly be linked to WFS to request required geodata. 

 

In order to hold down maintenance costs of geodata, the AquaSpace tool has been developed in 
the GIS environment to be linked with open Geospatial Consortium Web Feature Service Interface 
Standard (WFS) that provides an interface allowing requests for geographical features across the web 
using platform-independent calls. Nevertheless, WFS request or rather response still needs a high 
amount of time loading the data, which slows down tool performance. In future, data exchange might 
speed up. Previously, the integrated AquaSpace tool GDB fill those gaps. Its content is explained from 
a scientific view in AquaSpace tool indicators and from a technical perspective in ANNEX: AQUASPACE 
TOOL METADATA. 

The AquaSpace tool is equipped with an end-user driven interface and an interactive menu. It 
allows the visualization of areas of constraint (e.g. priority shipping lanes) and of potential synergy 
(i.e. co-location), 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 risks of several scenarios at once. Tool outputs comprise detailed reports and 
graphical outputs which should facilitate planning trade-off discussions hence allowing key 
stakeholders (e.g. industry, marine planners, licensing authorities) to take more informed, evidence-
based decisions on proposed aquaculture developments and the associated risks and opportunities.  

¢ƘŜ ǘƻƻƭΩǎ socio-economic dimension will increase the acceptance of these new developments by 
local communities and society-at-large (Ramos et al., 2014; Stelzenmüller et al., 2017). Environmental 
assessments will contribute to the implementation of the Integrated Maritime Strategy and its 
environmental pillar, the EU Marine Strategy Framework Directive (Gimpel et al., 2013; Stelzenmüller 
et al., 2014; Gimpel et al., 2016). Integrating indicators, supporting the assessment of inter-sectorial 
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effects, enables authorities to account for the principles of good MSP practice as required by the EU 
Maritime Spatial Planning Directive (Gimpel et al., 2016). Ultimately, this integrated assessment 
approach could support the licensing process and facilitate investments (Stelzenmüller et al., 2017). 

3. THE AQUASPACE TOOL: CONCEPT, INDICATORS AND 

TERMINOLOGY 

3.1. AquaSpace tool  concept 

The AquaSpace tool can be thought of as a spatially explicit Cost-Benefit Analysis. Given a set of 
planning alternatives, such as different farm locations, it will allow the assessment of the strengths 
and weaknesses of each alternative. The tool is used to determine options that are informed by the 
Ecosystem Approach to Aquaculture, and which allow achievement of opportunities (sustainable 
development) whilst preventing risks (to the environment). The tool is also defined as a systematic 
process for calculating and comparing opportunities and risks of a decision, policy (with particular 
regard to government policy) or (in general) project (David et al., 2013). 

Broadly, an economic Cost Benefit Analysis (CBA) has two main purposes: 

¶ To determine if a proposed development is a sound investment (justification/feasibility). 
¶ To see how a particular development option (or scenario) compares with alternate projects 

(ranking/priority assignment) (CA.GOV, 2017). 

In the AquaSpace context, the AquaSpace tool CBA also: 

¶ Allows for a spatial representation of opportunities and risks (incl. environmental) of a 
proposed aquaculture site in a multi-use context (supporting an EAA). 

The AquaSpace tool is a GIS AddIn that was implemented under Arc GIS 10.3 and was developed 
by combining the GIS model builder and python scripts. It runs with Arc GIS 10.3 and newer versions. 
It comprises functions that enable the user to assess the spatial explicit performance of inter-sectorial, 
environmental, economic and socio-cultural indicators for different aquaculture planning scenarios. 
Therefore, the userΩǎ input defines 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 locations 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 activities. Consequently, the AquaSpace 
tool estimates all opportunities and risks based on inter-sectorial, environmental, economic and socio-
cultural indicators (Fig. 3). Tool outputs (i.e. AquaSpace tool Assessment Report) are provided in pdf-
format. They offer a transparent summary of all tool runs (i.e. scenarios) and the respective indicator 
values. They give general site information (e.g. species, water depth, water quality), inter-sectorial 
effects (e.g. spatial conflict potential, disease spread), environmental effects (e.g. degree of exposure, 
cumulative pressures, distance to waste disposal sites) and economic and market issues (economic 
performance, effectiveness and efficiency). Further, the report includes mappings and graphics, 
enabling the user to proactively communicate opportunities and risks. Such a transparent information 
policy can build stakeholders support, which is critical to the successful establishment of aquaculture 
and ongoing operations. 
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Figure 3: A brief insight in the AquaSpace tool, (from left to right) giving an overview about i) all species 
considered, ii) data and information AquaSpace tool assessments are built on and iii) (additional) site-
specific information received by applying the AquaSpace tool functions (Economic performance = 
Revenue, Added Value (AV); Economic effectiveness = Return on Fixed Tangible Assets, Opportunity 
costs; Economic efficiency = Net Present Value; Economic impact = (In)Direct impact on the AV, 
(In)Direct impact on employment; IMTA = Integrated Multi-Trophic Aquaculture, UNCLOS = United 
Nations Convention of the Law Of the Sea). 

 

3.2. AquaSpace tool indicators  

This section provides further information about the AquaSpace tool indicators (i.e. counted or 
measured variables). More precisely, it describes how the parameters, underlying the tool functions 
and defining the ultimate indicator values, were determined (incl. scientific background information 
related to this). Detailed information about the source of the data (in raw, uninterpreted form), credits 
and how the data have been processed are given in ANNEX I AQUASPACE TOOL METADATA. Most of 
the data sets are already implemented in the tool (e.g. environmental data), others are depending on 
the user input (e.g. production in kg, Annex I). 

This section (3.2) is structured around the AquaSpace Assessment Report (described in section 4, 
AQUASPACE TOOL OUTPUTS), which guides the user through the results of using the tool. 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 information is 
listed in three columns: i) indicator name, ii) indicator value and iii) indicator description. 

The first part of the report includes general site information, which is crucial to get an initial 
overview of the site to be tested, the species to be tested, the culture system and aquaculture related 
information about the surrounded area/the test siteΩǎ ǎǳǊǊƻǳƴŘƛƴƎ such as water depth and quality. 
Indicators included read as followed: 

¶ Site specific information 
o Ecosystem (country; marine or freshwater) 
o Water depth (m) 
o Water quality (level of background pollution) 

¶ Management information 
o UNCLOS area 
o Conservation area 

¶ Aquaculture specific information 
o Aquaculture (finfish, shellfish or algae) 
o Species to be cultivated (species name) 
o Culture system (cage, longline, bottom, trestles; culture system size in m³/ha) 
o Stocking density (per m³/ha) 
o Production cycle (years) 
o Production (tons) 

Based on the user input a (case study) area is chosen, data sets are clipped (to improve the 
performance of the tool) and a specific aquaculture site is zoomed in on. Further, the user input 
polygon is buffered by a species-specific environmental footprint. Assuming a precautionary 
approach, the environmental footprint of shellfish (longline) is determined to be 50m (Chamberlain 
et al., 2001) while that for finfish aquaculture is set at 800m (Hall-Spencer et al., 2006; Marbà et al., 
2006; Holmer et al., 2008; Sanz-Lázaro et al., 2011). 

Site specific information provided in the report include the ecosystem to be assessed (currently, 
tool application is restricted to the marine environment), the water depth (1*1km raster layer) and 
the water quality, which is based on distance of the aquaculture site to waste disposal sites (e.g. 
coastal discharge). The water quality indicator is parameterized by expert opinion, assuming that a 
distance > 1.8km indicates a low risk of pollution and therefore a high water quality (3 = high), a 
distance of < 1.8km indicates medium water quality and a distance of < 100m indicates a low level of 
water quality (1 = low) (Maritime Safety Queensland, 2017). 

Management information provided in the report includes information about various areas in 
which use is limited by the United Nations Convention on the Law of the Sea (UNCLOS). Specified for 
this legal indicator are an abbreviation of the country name and the area to be assessed. Those include 
ƛύ ΨƛƴǘŜǊƴŀƭ ǿŀǘŜǊǎΩΣ which covers all water and 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 
ǇŀǎǎŀƎŜ ǿƛǘƘƛƴ ƛƴǘŜǊƴŀƭ ǿŀǘŜǊǎΤ ƛƛύ ΨǘŜǊǊƛǘƻǊƛŀƭ ǿŀǘŜǊǎΩΣ ǿƘƛŎƘ ŀǊŜ ƻǳǘ ǘo 12 nautical miles from the 
baseline, the coastal state is free to set laws, regulate use, and use any resource; or ƛƛƛύ ΨŜȄŎƭǳǎƛǾŜ 
ŜŎƻƴƻƳƛŎ ȊƻƴŜǎΩ ό99½ǎύΣ ǿƘƛŎƘ ŜȄǘŜƴŘ ŦǊƻƳ ǘƘŜ ŜŘƎŜ ƻŦ ǘƘŜ ǘŜǊǊƛǘƻǊƛŀƭ ǎŜŀ out to 200 nautical miles 
from the baseline. Within this area, the coastal nation has sole exploitation rights over all natural 
resources (UN, 2017)). Information about conservation areas indicate, if the user input overlaps with 
a i) National Park, ii) Natura 2000 sites; or iii) OSPAR MPAs (OSPAR, 2017). 
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Aquaculture specific information provided in the report include the option the user has chosen 
regarding the aquaculture type to be assessed (finfish, shellfish or 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 years and the amount of production in kg/tons. A detailed example for the German case 
study is given in the subsequent sub-section dealing with indicators (Economic Effects). 

 

 

Figure 4: Exemplified assessment and determination of local water quality close to aquaculture site, 
which is defined based on background pollution. This information is derived using a distance 
calculation in the DL{ ƭŀȅŜǊ άǿŀǎǘŜ ŘƛǎǇƻǎŀƭέ. 

 

3.2.2. Indicators  

The second part of the report includes information about the intersectorial, environmental, 
economic and socio-cultural indicators implemented, which are crucial to evaluate the trade-off of 
sites tested and to interpret the results. Indicators included read as followed: 

¶ Inter-sectorial effects 
o Spatial interaction matrix* 
o Spatial conflict potential (highest conflict score with other human uses)* 
o Spatial synergy potential (highest synergy score with other human uses)* 
o Integrated Multi-Trophic Aquaculture potential (IMTA; Yes or No, recommended 

IMTA species) 
o Risk of disease spread (based on minimum distance between aquaculture sites) 

¶ Environmental effects 
o Aquaculture suitability (1 ς 25; 25 = high) 
o Wave height specific exposure of the site (m) 
o Current velocity (m/s) 
o Sediment type 
o Chlorophyll a (mg/m³; surface) 
o Temperature (°C) 
o Salinity (PSU) 
o Nitrogen (mol/L NO3; surface) 
o Phosphorus (mol/L PO4; surface) 
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o Cumulative pressure (1 - 8; 8 = high magnitude) 
o Habitat vulnerability (1- 3, 3 = highly vulnerable) 

¶ Economic effects 
o Economic performance (revenue, added value) 

o Economic effectiveness (benefits, return on fixed tangible assets, opportunity cost) 

o Economic efficiency (net present value) 
o Economic impact (induced impact, indirect impact) 

¶ Socio-cultural effects 
o Visual Impact (landscape, seascape, distance to populated areas) 

o Cultural heritage (shipwrecks, archaeological sites, distance calculation) 

o Tourism 

*in combination with Fisheries, Ocean energy, Platforms, Cables, Pipelines, Sediment extraction, 
Marine traffic, Waste disposal, Marine Protected Areas (MPA). 

 

3.2.2.1 Inter-sectorial effects 
Information about inter-sectorial effects provided in the report are mostly depending on user 

input. The user has completed an interaction matrix to define spatial constraints (score 6), conflicts 
(score 2-5) and opportunities (i.e. spatial synergy potential due to co-location; score 1) before testing 
scenarios for aquaculture in a wider MSP context (Lee and Stelzenmüller, 2010; Gimpel et al., 2013). 
In order to incorporate the high variability of MSP implementation processes in different regions, the 
input is kept flexible. Whereas sites designated for marine conservation (Boyd and Service, 2014) or 
waste disposal might constitute a constraint, in contrast, wind energy development can offer a 
possibility for spatial synergies with aquaculture (Gimpel et al., 2015). Also, the planning for new 
aquaculture sites might be constrained by important fishing grounds (Stelzenmüller et al., 2013). 
Those areas should be highlighted as a conflict, where management measures need to be based on 
trade-off assessments (e.g. opportunity costs). The AquaSpace tool offers the opportunity to 
distinguish between high intensƛǘȅ ŦƛǎƘƛƴƎ ŜŦŦƻǊǘ όΨCƛǎƘŜǊƛŜǎ ǉоΩ) and medium to low fishing effort 
όΨCƛǎƘŜǊƛŜǎΩ) per country when completing the interaction matrix. Conflict scores can be defined based 
on expert knowledge, or extracted from the literature (Lee and Stelzenmüller, 2010; Gimpel et al., 
2013). 

 

Table 1: Interaction matrix based on user input to define constraints, conflicts and opportunities (i.e. 
synergies). Example for the German case study aquaculture with Dicentrarchus labrax. 

 Aquaculture 

Fisheries (q3) 5 
Fisheries 2 
Ocean energy 1 
Platforms 6 
Cables 5 
Pipelines 5 
Sediment extraction 5 
Marine traffic 6 
Waste disposal 6 
Marine Protected Areas (MPAs) 6 
Tourism 3 
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Table 2: Matrix of potential conflicts developed by Lee and Stelzenmüller (2010). No conflict = 0; mutually exclusive = 5. Redrawn from Gimpel et al. (2013). 

 Aquaculture Fisheries Offshore 
wind farm 

Platforms 
(oil, gas) 

Cables Pipelines Sediment 
extraction 

Marine 
traffic 

MPAs Waste 
disposal 

Aquaculture -          

Fisheries 5 -         

Offshore Wind farm 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 can be defined based on expert knowledge, or 
extracted from the literature (Lee and Stelzenmüller, 2010; Gimpel et al., 2013) as presented in table 
2. In contrast, the spatial synergy potential can be displayed. Spatial co-locations of marine areas might 
become increasingly important in the future, in the light of sustainable development in the already 
heavily used offshore marine realm. In applications of the AquaSpace tool, different spatial co-location 
scenarios for the coupling of offshore aquacultures with e.g. wind farms can be evaluated in order to 
support efficient and sustainable marine spatial management strategies. Both, spatial conflicts and 
synergies are defined with the aid of the interaction matrix, which is explained in the User Manual 
subsection: Create interaction matrix. 

As mentioned in section 3.1, the AquaSpace tool user should be directed to act in a sustainable 
way, being made aware of the ecological footprint of a specific aquaculture or its interaction with 
other human activities. Integrated Multi-Trophic Aquaculture (IMTA) systems combine aquaculture 
species to recycle effluent dissolved and particulate nutrients from a higher trophic-level species (fish) 
to nourish extractive, lower trophic-level species, such as filter feeders (mussels, oysters), 
polychaetes, sea cucumbers and/or seaweed (Neori 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 (Troell et al., 2009). Moreover, by using nutrient losses of higher trophic-level 
species as feeding products, IMTA could provide additional economic benefits (Neori et al., 2007; 
Gimpel et al., 2015). According to Brigolin et al. (2009), for each ton of farmed mussel harvested per 
year 0.008t nitrogen (N; excreted in dissolved inorganic form) is immediately available for 
phytoplankton uptake: this amount more than compensates the N exported as harvested mussel (Tab. 
3). Such benefits can be used by co-locating finfish and shellfish farms. Therefore, the AquaSpace tool 
buffers polygons of existing aquaculture sites by 200m, indicating areas attractive for such an 
approach. 

 

Table 3: Estimated nutrient fluxes through an offshore mussel (Mytilus galloprovincialis) farm. 
Assumed are 600t farmed mussels harvested per year. 

 
Nitrogen Phosphorus 

introduced (at seeding) 0.8 0.07 

ingested 16 2 

removed (by harvesting) 3.36 0.3 

released (as excretion, faeces and pseudo-faeces) 12 1.5 

in particulate form 
 

1.5 

in dissolved inorganic form 4.8 
 

 

Being part of inter-sectorial effects, the potential for disease spread should be assessed. Risk of 
infection decreases with distance from source, and modelled kernels of infection risk are widely used 
in modelling spread of both terrestrial (Keeling et al., 2001) and aquatic animal diseases (Kristoffersen 
et al., 2009). Patterns of decline risk have been assessed for Infectious Salmon Anaemia Virus (ISAV), 
Cardiomyopathy Syndrome (CMS) and Pancreas Disease (PD) (Kristoffersen et al., 2009; Aldrin et al., 
2010). Sea lice infestation pressure has been shown to decline with distance as well (Salama and 
Murray, 2011; Middlemas et al., 2013; Shephard et al., 2016). Based on this, average distances have 
been extracted for the AquaSpace tool. Precautionary assumptions capture the basic nature of the 
risk interaction, averaged over different sites and seasons, and so can be used for strategic planning. 
The factors behind risk are i) the amount of pathogen produced, ii) the rate of decay of pathogens and 
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iii) the distance they are transported at a given concentration given this decay rate (Murray et al., 
2005): 

A concentration Cx of exponentially decaying pathogen (at rate k) after a specific time t can be 
calculated as: 

ὅ ὄ  ρȟ 

where B is the size of the pathogen source normalised to a standard source. 

 

Table 4: Decay rate examples from Spanish and German case studies. Decay rates are here considered 
as fast (f), moderate (m) or simply unknown (?). Where decay is fast it may be approximated by k = 
0.1, for medium k = 0.05. Uncertainty (confidence) is high for all cases here, but ranks from 1 = high 
to 3 = very high. 

 Host Pathogen  Decay Confidence 
Germany Sea Bass 

Dicentrarchus labrax 
Nodavirus f or m 2 
Vibrio f 1 
Pasturella f 1 

Mussels 
Mytilus sp. 

Marteilia maurini m 2 
Picarnolikevirus f or m 2 
Vibrio f 1 

Spain Oyster 
Ostrea spp. 
Crassostrea spp. 

Bonamia Osterae, B. exitiosa m 2 
Marteilia refringens m 2 
Perkinsus marinus ? 3 
Microcytos mackiini ? 3 
Oyster Herpesvirus f 1 

 

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

ὸ ὰὲ
ὅ

ὄ
Ⱦ Ὧ ςȟ 

Assuming a tidal current displacement is a12/p (Anon 2000) and the residual current velocity is b, 
the distance can be calculated as: 

$
Ô

ʌ ÂÔ
σȟ 

where tx is the minimum of ǘΩ or 12 hours. 

So for a tidal amplitude a, a residual current b, and a pathogen decay rate k 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 (Tab. 5). A Cx of 0.1 indicates for 
instance farms that are highly interacting, a Cx of 0.01 indicates a distance which should be kept at 
fire break separation for notifiable disease spread. A k of 0.1 indicates a rapid decay, while a rate of k 
= 0.01 indicated a slow decay (Table 5). A current velocity a indicates short term currents of 50 and 25 
cm s-1 and the long term advection b values of 1 or even 2. 

A final factor is the relative size of the source of infection B, the farm biomass (Salama and Murray, 
2011). In Scotland for instance median consented biomass of farms is about 900 tonnes so for 
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simplicity B = F/900, where F is the consented farm biomass in tonnes. Shedding will also be altered 
by prevalence of infection and shedding of pathogens (Urquhart et al., 2008; Gregory et al., 2009), 
which can be included as variation in B if greater knowledge of specific pathogens dynamics is 
available. 

 
Table 5: Pathogen specific distances at which concentration of exponentially decaying pathogen Cx (at 
rate k) exists with a tidal current displacement a and residual current velocity displacement b. F for 
consented farm biomass in tonnes; F = 0.5, 1 or 2. 

Cx k a b F 0.5 F1 F2 
 

0.05 0.1 50 1 7.71 7.96 8.21 ISAV 
0.05 0.1 25 1 4.27 4.52 4.77 ISAV 
0.01 0.1 50 2 9.70 10.19 10.69 precautionary ISAV 
0.1 0.01 50 1 12.67 15.17 17.66 sea lice 
0.1 0.01 25 1 9.23 11.73 14.22 sea lice 
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 biomass). Assuming a 5% decay per hour for nodavirus (instead of 
the 10% for ISAV), then distances of interaction could range from 4.1km (a = 25, b = 0.5 if both residual 
and tidal currents are weak and with a Cx = 0.05) to 14.5km (a = 25, b = 2 and Cx = 0.01) for a 
precautionary limit under strong tidal and advection currents. The main driver of uncertainty is the 
appropriate current regime for the southern North Sea. 

 
3.2.2.2 Environmental effects 
Information about environmental effects provided in the report is mostly depending on data 

already incorporated in the AquaSpace tool. Data giving information about the suitability of a site were 
extracted from the WATER tool (Where Can Aquaculture Thrive in Europe), which specifies the 
performance of key species, such as Mediterranean mussel or Atlantic salmon, as a function of 
environmental data (i.e. sea surface temperature, dissolved oxygen, current speed, chlorophyll a 
concentration, depth) (Boogert et al., 2017). 

In order to show the degree of exposure at a tested site, the significant wave height (in m) is 
output. Further indicators include current velocity in meters per second (m/s) and the sediment 
sensitivity, classified on the base of the sediment type, i.e. rocks (5), mixed sediment (4), coarse & 
gravel (3), sand (2) and mud (1). Minimum, mean and maximum values are given per grid cell for 
indicators useful to assess the growth performance of a species, i.e. chlorophyll a concentration at 
surface (mg/m³), temperature (°C) and salinity (PSU), and for indicators useful to assess the impact 
from/on the environment, i.e. nitrogen (mol/L) at surface, and phosphorus (mol/L) at surface. 
Unfortunately, adequate data about plastic marine debris or Particulate Organic Carbon (POC) were 
not available at European scale. 

For the outcome of an ecosystem-based MSP process to be sustainable, all current and future 
human activities together with their associated pressures on key ecosystem components have to be 
included. The assessment of cumulative pressures requires a sound knowledge base of the complex 
spatial and temporal relationships between human activities and the sensitivity of the environment 
(Stelzenmüller, 2008; Stelzenmüller et al., 2010; Stelzenmüller et al., 2018). In order to account for a 
potential future shift in such pressures (introducing aquaculture sites on top of other pressures from 
other human activities) the AquaSpace tool accounts for cumulative pressures affecting the integrity 
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of the marine habitat. Following the approach described in Elliot (2002); UNEP/GRID-Arendal (2002); 
Gimpel et al. (2013) all human activities occurring on a large scale in European waters were 
categorised into generic pressure categories comprising abrasion (fisheries, aggregate mining), 
alteration (marine transport, aggregate mining, aquaculture finfish, aquaculture shellfish, tourism, 
waste disposal), contamination (pipelines, marine transport, platforms, tourism, waste disposal), 
enrichment (aquaculture finfish, waste disposal), extraction (fisheries, aggregate mining), obstruction 
(pipelines, platforms, windfarms), siltation (aggregate mining, tourism, waste disposal), and 
smothering (pipelines, cables, platforms, windfarms). Assigning a score of 1 to each pressure category, 
the cumulative pressure indicator reflects a sum of pressure categories found at each culture site 
tested (1 ς 8; 8 = high magnitude of pressure). In addition, we used a DPSI (Driver-Pressure-State-
Impact) conceptual model and definitions (Fig. 5) to illustrate the pathways of effects showing the 
links between drivers of human activities (Driver) and their respective normalized pressures (Pressure) 
occurring in the European waters (Elliot, 2002; UNEP/GRID-Arendal, 2002). 

 

 

Figure 5: Driver Pressure State Impact (DPSI) model 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 impact on the ecosystem assessed (Impact). Redrawn from Gimpel 
et al. (2013). *Waste disposal includes coastal discharge, dredge dumping and munitions dumping 
sites. 

 

In order to account for cumulative environmental effects and the risk of impact on ecosystem 
components, essential but highly sensitive benthic habitats were scored for their vulnerability to 
aquaculture. Those scores (1- 3, 3 = highly vulnerable), combined with the respective EUNIS code of 
these habitats, were modified from Alkiza et al. (2016) and incorporated in the AquaSpace tool 
assessment (Tab. 6). All of those habitats have been rated by expert knowledge as being incompatible 
with aquaculture. As mentioned before, each planning site is buffered by a species specific 
environmental footprint. Thus the AquaSpace tool helps prevent the destruction of highly vulnerable 
habitats. 
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Table 6: Habitat vulnerability to aquaculture activity. The habitats are already linked to EUNIS coding. 
Vulnerability scores range from 1-3, with 3= highly vulnerable. Table modified from Alkiza et al. (2016). 

Habitat EUNIS 
code 

Vulnerability to 
aquaculture 

Infralittoral rock and other hard substrata A3 2 
Atlantic and Mediterranean high energy infralittoral rock A3.1 1 
High energy infralittoral seabed  1 
High energy infralittoral mixed hard sediments  1 
Atlantic and Mediterranean moderate energy infralittoral rock A3.2 2 
Moderate energy infralittoral seabed  2 

Moderate energy infralittoral mixed hard sediments  2 
Atlantic and Mediterranean low energy infralittoral rock A3.3 3 
Low energy infralittoral seabed  3 
Low energy infralittoral mixed hard sediments  3 
Silted kelp on low energy infralittoral rock with full salinity A3.31 3 
Circalittoral rock and other hard substrata A4 2 
Atlantic and Mediterranean high energy circalittoral rock A4.1 2 
High energy circalittoral seabed  2 
High energy circalittoral mixed hard sediments  2 
Very tide-swept faunal communities on circalittoral rock or mixed 

faunal turf communities on circalittoral rock 

A4.11 or 
A4.13 

3 

Sponge communities on deep circalittoral rock A4.12 2 
Atlantic and Mediterranean moderate energy circalittoral rock A4.2 2 
Moderate energy circalittoral seabed  2 
Moderate energy circalittoral mixed hard sediments  2 
Faunal communities on deep moderate energy circalittoral rock A4.27 2 
Atlantic and Mediterranean low energy circalittoral rock A4.3 2 
Low energy circalittoral seabed  2 
Low energy circalittoral mixed hard sediments  2 
Brachiopod and ascidian communities on circalittoral rock A4.31 2 
Faunal communities on deep low energy circalittoral rock A4.33 2 
Infralittoral coarse sediment A5.13 2 
Circalittoral coarse sediment A5.14 2 
Deep circalittoral coarse sediment A5.15 2 
Deep circalittoral Seabed  2 
Infralittoral fine sand or infralittoral muddy sand A5.23 or 

A5.24 
2 

Infralittoral fine sand A5.23 2 
Infralittoral muddy sand A5.24 2 
Circalittoral fine sand or circalittoral muddy sand A5.25 or 

A5.26 
2 

Circalittoral fine sand A5.25 2 
Circalittoral muddy sand A5.26 2 
Deep circalittoral sand A5.27 2 
Infralittoral sandy mud or infralittoral fine mud A5.33 or 

A5.34 
2 

Infralittoral sandy mud A5.33 2 
Infralittoral fine mud A5.34 2 
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Habitat EUNIS 
code 

Vulnerability to 
aquaculture 

Circalittoral sandy mud or circalittoral fine mud A5.35 or 
A5.36 

2 

Circalittoral sandy mud A5.35 2 
Circalittoral fine mud A5.36 2 
Deep circalittoral mud A5.37 2 
Infralittoral mixed sediments A5.43 2 
Circalittoral mixed sediments A5.44 2 
Deep circalittoral mixed sediments A5.45 2 
Deep circalittoral mixed hard sediments  2 
Seagrass beds A5.53 3 
Posidonia  beds A5.535 3 
Seagrass beds on litoral sediments A2.61 3 
Maerl beds A5.51 3 

 

3.2.2.3 Economic effects 
The AquaSpace tool provides a general economic view of the aquaculture activity according to the 

future productivity and market expectations. Economic analyses are conducted in different steps 
providing both direct assessment and economic impact assessment. The assessment procedure is 
explained and exemplified below. 

Direct assessment comprises a quantitative assessment to evaluate the direct economic 
performance of an aquaculture activity, and a qualitative (i.e. rating) assessment of its effectiveness 
and its efficiency. This rating stage is very relevant when trying to compare between two or more 
aquaculture activities. Indirect or induced assessment comprises an estimation of the impact (i.e. 
economy-wide 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 activity (i.e. the contribution of the 
planned aquaculture site to the local economy) is assessed in terms of the economic viability. The 
economic indicators are: 

ὙὩὺὩὲόὩ ὴὶέὨόὧὸὭέὲάzὥὶὯὩὸ ὴὶὭὧὩ τȟ 

ὃὠ ὙὩὺὩὲόὩὭὲὸὩὶάὩὨὭὥὸὩ ὥὲὨ έὴὩὶὥὸὭὲὫ ὩὼὴὩὲίὩί υȟ 

where AV is the Added Value and intermediate or operating costs are e.g. fuel and feeding costs. 

The economic effectiveness (i.e. the extent to which the specific economic objectives settled for 
this activity are achieved) is measured through the following indicators: 

ὙέὊὝὃ 
ὖὶέὪὭὸ

ὍὲὺὩίὸάὩὲὸ
φȟ 

where ROFTA is the Return on Fixed Tangible Assets (aquaculture attractiveness or return of the 
investment in aquaculture) and Profit is expressed as: 

ὖὶέὪὭὸὃὠ ὶὩάὥὭὲὭὲὫ ὧέίὸί χȟ 

with remaining costs as e.g. salaries and wages. 

ὕὴὴέὶὸόὲὭὸώ ὧέίὸ ὃὉὙὙέὊὝὃ ψȟ 
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where AER is the Annual Equivalent Rate of a potential investment (potential revenue that is 
forfeited by not developing an alternative to the aquaculture activity). 

Further the economic efficiency is represented by the Net Present Value (NPV) and accounts for 
the resources employed and results achieved with a time horizon of 5 and 10 years: 

ὔὖὠ  ὃὠ ωȟ 

where T is the number of years to consider when calculating the NPV. If NPV >0, the aquaculture 
is considered as profitable activity. 

Finally, the socio-economic induced (direct and indirect) impact on the production and the AV is 
assessed using regional input-output multipliers which account for the commodities produced by each 
industry and the use of these by other industries and users. While the calculation of Input ς Output 
Tables using the Leontief model is described in Annex II, the indicators are listed below:  

ὍὲὨόὧὩὨ ὨὭὶὩὧὸ Ὥάὴὥὧὸ έὲ ὴὶέὨόὧὸὭέὲ ὃ ὈzὍ ρπȟ 

ὍὲὨόὧὩὨ ὭὲὨὭὶὩὧὸ Ὥάὴὥὧὸ έὲ ὴὶέὨόὧὸὭέὲὃ Ὅ ὃ Ὅ ὈzὍ (11), 

ὍὲὨόὧὩὨ ὨὭὶὩὧὸ Ὥάὴὥὧὸ έὲ ὸὬὩ ὃὠ 
ὈὭὥὫέὲὥὰ ὓὥὸὶὭὼ ύὭὸὬ ὶὥὸὭέ ὃὠȾὖὶέὨόὧὸὭέὲ zὃ ὈzὍ ρςȟ 

ὍὲὨόὧὩὨ ὭὲὨὭὶὩὧὸ Ὥάὴὥὧὸ έὲ ὸὬὩ ὃὠ
ὈὭὥὫέὲὥὰ ὓὥὸὶὭὼ ύὭὸὬ ὶὥὸὭέ ὃὠȾὖὶέὨόὧὸὭέὲὃ Ὅ ὃ Ὅ ὈzὍ ρσȟ 

where ὃ is the technical coefficients matrix, ὈὍ the direct impact (e.g. revenues), and Ὅ ὃ  
the Leontief inverse matrix. 

 

Table 7: Input for a production increase per region, based on regional input-output models and 
exemplified for Germany, Italy, Spain and Uk. Input parameters will be offered by request. 

 
INTEREST 
RATES  

INDUCED DIRECT 
IMPACT ON 
PRODUCTION 

INDUCED 
INDIRECT 
IMPACT ON 
PRODUCTION 

TOTAL 
IMPACT 

INDUCED 
DIRECT 
IMPACT 
ON ADDED 
VALUE 

INDUCED INDIRECT 
IMPACT 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 0.25 0.56 0.98 1.98 0.12 0.21 
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Table 8: Economic (Impact) Analysis exemplified by a planned aquaculture with European Seabass in Germany. Details specified as followed: 1 Investment 
on equipment (per cage/trestle/longline); 2 Other investments (excl. Equipment, land facilities and properties); 3 Investment on land facilities; 4 Investment 
on properties; 5 Market value culture species per ton; 6 Average no. of days at sea/culture site; 7 Average fuel costs Euro/km; 8 Annual expenditure on 
wages/salaries; 9 Intermediate costs variable (e.g. juveniles/seeds/food); 10 Other costs (variable); 11 Annual rate on capital resources (%); 12 Intermediate 
costs fixed (e.g. insurance/maintenance and repair ship); 13 Other costs (fixed). Aquaculture-specific information modified from Ebeling (2016). Interest 
rates for Germany taken from IMF (2017). 

Description Unit Quantity Price/Unit Total value 

Production cycle years 1 
  

Production density tons/m³ or ha 0.01255 
  

Cage size/area m³/ha 8960 
  

Production quantity tons 4000 
  

Distance (example) km 31.48 
  

Number cages/longlines quantity 36 
  

Investment cages/longlines1 Euro 
 

1173000 пнΣннуΣлллΦлл ϵ 

Other investments2 Euro 
 

19000000 мфΣлллΣлллΦлл ϵ 

Costs/land facilities3 Euro 
 

1500000 мΣрллΣлллΦлл ϵ 

Costs/property4 Euro   1272452.5 мΣнтнΣпрнΦрл ϵ      

Revenues     

Gross revenue5 tons 4000 5500 ннΣлллΣлллΦлл ϵ      

Variable costs     

Fuel (0.55 Euro/litre; 4.58 Euro/km)6,7 days at sea/y 53 15284.85232 мрΣнупΦур ϵ  
fuel costs Euro/km 4.58 

  

Wages8 Euro 
 

399960 оффΣфслΦлл ϵ 

Intermediate costs (e.g. juveniles/seeds/food)9 Euro/ton 
 

2070.00 уΣнулΣлллΦлл ϵ 

Other costs (variable)10 Euro 
 

481428.75 пумΣпнуΦтр ϵ 

Interest on operating capital (in %)11 % 9176673.60 0.07 спнΣостΦмр ϵ 

Total variable costs 
   

фΣумфΣлплΦтр ϵ 
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Description Unit Quantity Price/Unit Total value 

     

Fixed costs 
    

Intermediate costs (e.g. insurance/maintenance and repair ship)12 Euro 
 

48125 пуΣмнрΦлл ϵ 

Other costs (fixed)13 Euro 
 

3482352.5 оΣпунΣорнΦрл ϵ 

Interest on property 
 

1272452.5 0.07 уфΣлтмΦсу ϵ 

Interest on fixed capital (without property) 
 

3530477.50 0.07 нптΣмооΦпо ϵ 

Total fixed costs 
   

оΣуссΣсунΦсл ϵ 

     

Total costs 
   

моΣсурΣтноΦор ϵ 

Net return 
   

уΣомпΣнтсΦср ϵ 

     

ECONOMIC ASSESSMENT 
    

Revenue Euro 
  

ннΣлллΣлллΦлл ϵ 

Profit Euro 
  

уΣомпΣнтсΦср ϵ 

Added value Euro 
  

моΣстмΣутрΦлл ϵ 

RoFTA (Return on Fixed Tangible Assets) % 
  

0.13 

Opportunity cost % 
  

0.05 

NPV (Net Present Value) Euro 
  

-фΣспоΣупнΦсс ϵ 

     

ECONOMIC IMPACT 
    

Induced direct impact on production Euro 
  

рΣунфΣлрфΦуо ϵ 

Induced indirect impact on production Euro 
  

нΣсомΣмлнΦрс ϵ 

Total impact Euro 
  

омΣфолΣуллΦлл ϵ 

Induced direct impact on added value Euro 
  

оΣптлΣуспΦсу ϵ 

Induced indirect impact on added value Euro 
  

рΣфмнΣфлтΦфм ϵ 

 



AquaSpace 633476  D3.3 

 

19 
 

3.2.2.4 Socio-cultural effects 
In order to provide information about socio-cultural impacts, the AquaSpace tool offers spatially 

analysed data of Ψvisual impactΩ for case study regions: a population density layer with a distance 
buffer is implemented as a ΨǾƛǎǳŀƭ ǊŜŎŜǇǘƻǊΩ (i.e. from what and where are people exposed to features 
in a view). It is important to distinguish between: 

(i) The visibility of particular sites from specified locations (e.g. properties, settlements, 
transport routes, viewpoints), including offshore routes if appropriate. This information is 
limited to a 5.5km radius. 

(ii) The relative visibility of seascapes from 'all' locations (in reality a subset) both onshore 
and offshore provides a means of considering where there are 'hot spots' and gaps from 
where features may be visible (Table 9). 

 

Table 9: Examples of visible distance to the horizon for different heights of object or observer (Miller 
and Morrice, 2002). In the three last rows, the observer is supposed to be in Wales.  

Height of 
observer (m) 

Height of 
object (m) 

Distance (nm) Distance (km) Example 

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 5.5 Observer on beach  

1085 0 72.8 134.9 Top of Mt. Snowdon 

892 0 66 122.3 Top of Cadair Idris 

311 0 39 72.2 Top of Mynydd Caregog 

 

Further, information are offered on locations of cultural heritage sites. Those sites, including for 
instance ship wrecks, are analysed using distance-based calculation functions implemented in the 
AquaSpace tool. Another indicator providing information about socio-cultural impacts is based on 
spatially explicit information about areas of recreation. The ƛƴŘƛŎŀǘƻǊ ΨǘƻǳǊƛǎƳΩ is parameterised using 
the distance to any features related to recreation (short distance = high impact, long distance = low 
impact). It comes already with information about bathing sites, but its extent is kept flexible. All kinds 
of information important at case study level can be incorporated (see User 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 anchorage sites. ά¢ƻǳǊƛǎƳΩ ƛǎ ŀ ŘƛǎǘŀƴŎŜ ōŀǎŜŘ ƛƴŘƛŎŀǘƻǊΣ ǿƘƛŎƘ ǊŜŦƭŜŎǘǎ ǘƘŜ ƳŀƎƴƛǘǳŘŜ ƻŦ 
impact aquaculture activities have on recreational sites. 
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4. AQUASPACE TOOL OUTPUTS 

 

The visualisation of tool outputs is provided by a pdf-formatted report, generated for each tool 
run (Fig. 6), which contains charts facilitating the comparison of different scenarios assessed (Fig. 7) 
at specific sites (Fig. 8). 

 

 

Figure 6: Extract of the AquaSpace Assessment Report. The visualisation of tool outputs is ensured on 
the basis of a pdf-formatted report, generated for each tool run, provided with charts (Fig. 7) and a 
map (Fig. 8).  

 

In order to describe selected tool outcomes, figure 7 visualises graphs showing the environmental 
indicators Aquaculture Suitability, Water Depth, and Wave Height specific Exposure of the site, which 
might get relevant for stakeholders requiring spatial explicit information in search of suitable sites for 
their culturing species as well as for their aquaculture type-specific equipment. While aquaculture 
suitability was highest in the 2nd scenario assessed, a shallow water depth might be preferred as given 
in the 5th scenario assessed. Moreover, the slightest wave height specific exposure of the site was 
given in the 3rd and 5th scenario assessed. 
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Figure 7: Visualisation of selected environmental indicators Aquaculture Suitability, Water Depth, and 
Wave Height Exposure for each of 5 sites, which could help stakeholders assessing equipment needed 
for aquaculture at each sites. 

 

The report map can be designed individually. In order to define the background layer, the user can 
choose from all map layers available. Figure 8 presents an example, where a cumulative pressure layer 
was selected. The number of scenarios which can be assessed is not limited. Nevertheless, in case of 
calculating more than five scenarios simultaneously, the tool outputs a csv file (Tab. 10). As shown 
below, 10 scenarios were calculated for demonstration purpose in application of the AquaSpace tool. 
All indicators which can vary in between those scenarios will be listed. 

Such a transparent visualisation technique facilitates i) an effective implementation of MSP for 
aquaculture, enabled by using spatially explicit methods and tools, ii) the implementation of a spatially 
explicit (GIS-based) multi-use context, addressing the functionality for cumulative risk assessments 
and conflict analysis, and iii) the implementation of an ecosystem approach, explicitly considering 
economic and market issues. The latter allows for more informed, evidence-based decisions, which 
gains on significance, especially for industry: 

Aquaculture companies face considerable challenges and take on considerable risk in establishing 
and operating an aquaculture site. Gaining and maintaining stakeholder support by demonstrating 
economic benefits on a proactive and periodic basis can help limit overall project risks (Plumstead, 
2012). Outputs of an economic impact analysis are typically used to demonstrate the economic 
importance of aquaculture operations to: 

¶ Decision makers that generally approve aquaculture operations. 

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

¶ Other stakeholders such as NGOs (and other non-profit organizations) that want to ensure 
that aquaculture operations benefit local communities. 
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Figure 8: AquaSpace tool output map for blue mussel (scenarios 15 ς 30), the case-specific port 
selected (Hörnum/Sylt), areas of constraint, synergy and conflict, management boundaries, areas of 
aquaculture production and a cumulative pressure map, selected manually as background map for the 
AquaSpace tool map output. The AquaSpace tool can be applied for an unlimited amount of scenarios. 
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Table 10a: Exemplified output file in CSV format giving an overview about indicators assessed during AquaSpace tool application (part 1). Indicators useful to 
assess the growth performance of a species (i.e. chlorophyll a concentration at surface, temperature and salinity) are not included (AV = Added Value, IMTA 
= Integrated Multi-Trophic Aquaculture, NPV = Net Present Value, RoFTA = Return on Fixed Tangible Assets). 

Scenario 
(site 

number) 

IMTA 
potential 

Risk of 
disease 
spread 

Spatial 
conflict 

Spatial 
synergy 

Aquaculture 
suitability 

Cumulative 
pressure 

Current 
velocity 

Habitat 
vulnerability 

Nitrogen Phosphorus Sediment 
sensitivity 

Water 
depth 

Water 
quality 

Wave 
height 
exposure 

1 0 1 5 0 5 2 0.19 
 

2.08 0.1 2 -23.11 3 1.17 

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 -22.22 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 -45.38 3 1.87 

7 0 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 -42.33 3 1.81 

10 0 1 5 1 5 4 0.6 
 

0.17 0.05 2 -39.65 3 1.91 

11 0 2 5 1 5 4 0.37 
 

0.1 0.05 1 -41.41 3 1.85 

12 0 1 2 1 5 4 0.24 
 

0.1 0.05 2 -39.26 3 1.78 

13 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 3 1.88 
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Table 10b: Exemplified CSV file giving an overview about indicators assessed during AquaSpace tool application (part 2). Indicators useful to assess the growth 
performance of a species (i.e. chlorophyll a concentration at surface, temperature and salinity) are not included (AV = Added Value, IMTA = Integrated Multi-
Trophic Aquaculture, NPV = Net Present Value, RoFTA = Return on Fixed Tangible Assets). 

Scenario 
(site 

number) 

AV (in 
mio) 

Induced direct 
impact on 
production (in mio) 

Induced indirect 
impact on 
production (in mio) 

Induced direct 
impact on AV 
(in mio) 

Induced indirect 
impact on AV (in 
mio) 

NPV Opportunity 
costs 

Profit 
(in mio) 

Revenue 
(in mio) 

RoFTA Cultural 
heritage 

Tourism Visual 
impact 

1 13.67 5.72 2.57 3.52 5.94 -29.62 0.0545 8.32 22.00 0.1299 
 

132 0 

2 13.67 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 5.72 2.57 3.52 5.94 -29.62 0.0537 8.26 22.00 0.1291 
 

208 0 

5 13.67 5.72 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 5.72 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 5.72 2.57 3.52 5.94 -29.62 0.0542 8.30 22.00 0.1297 
 

81 0 
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5. USER MANUAL 

 

This user manual describes the preparatory work, sequence of steps and related tasks that the 
user should undertake to apply the AquaSpace tool. It assumes a knowledge of the tool concept, 
functionality and outputs described in preceding sections. The manual describes how to install the 
tool and how to use it. 

 

5.1. The AquaSpace tool: a brief insight  

The AquaSpace tool enables the user to assess individual marine site locations planned for 
aquaculture in terms of essential biological, ecological, economic, physical and social aspects. It is 
implemented as an AddIn for ArcGIS Desktop (from 10.3.1 and ArcGIS Basic with Spatial Analyst). The 
initial installation of the AquaSpace tool is a manual process of copying/pasting of file packages 
provided. All steps are precisely described under => Install the AquaSpace tool files. 

Important to mention is that the AquaSpace tool comes initially with an EU-wide data package, 
provided as file GDB 10.3. 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 settings individually and even replace datasets. Those procedures are 
explained under => Customization options but require a minimum of ArcGIS usage skills. Register via 
https://gdi.thuenen.de/geoserver/sf/www/aqspce.html) to get access to comprehensive video 
instructions for installation process and usage of the tool - provided online (https://free-redmine.saas-
secure.com/projects/aqua). 

 

5.1.1. AquaSpace tool components 

The user receives via => https://gdi.thuenen.de/geoserver/sf/www/aqspce.html access to the 
AquaSpace Redmine website, where all AquaSpace tool files, technical documents as well as video 
instructions are provided, facilitating the installation and testing of the AquaSpace tool. The current 
status of technical documentation can be found under => Documents. In addition, user requests (in 
particular regarding tool bugs, data hints or support requests) can be placed under => New Issue. 

The tool is composed of: 

¶ The mxd (ArcGIS format) project 

¶ The tool bar 

¶ The Geodatabase (GDB) 
 

The Arc GIS mxd file visualises the spatial extent of the tool in terms of a background map (esri bg 
map), all data sets required to run the tool and the respective symbology (Fig. 9). Therefore, it ensures 
the correct symbolisation and pathsΩ ŀǾŀƛƭŀōƛƭƛǘȅ when using the tool. 

 

https://gdi.thuenen.de/geoserver/sf/www/aqspce.html
https://free-redmine.saas-secure.com/projects/aqua
https://free-redmine.saas-secure.com/projects/aqua
https://gdi.thuenen.de/geoserver/sf/www/aqspce.html
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Figure 9: The AquaSpace mxd, including the table of contents (right), the AquaSpace toolbar (top) and 
the Arc GIS catalog window (right), showing the AquaSpace Geodatabase. 

 

The Arc GIS toolbar allows the user to select the country to be studied, which limits the spatial 
extent of the data processed and speeds up the assessment process. If the user favours another extent 
than the one on country level, he can define it manually (by zooming in or out) ǳǎƛƴƎ ǘƘŜ ōƭǳŜ Ψ¢ǊŀƴǎŦŜǊ 
ŜȄǘŜƴǘΩ ōǳǘǘƻƴ ǿƘŜƴ ǘƘŜ ŘŜǎƛǊŜŘ ŜȄǘŜƴǘ ƛǎ ŀŘƧǳǎǘŜŘΦ Next, the user has to define a port from which 
location the aquaculture site should be managed and supplied. The port is used as a baseline for 
economic, distance-based calculations. The species can 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 one of all map layers available. Finally, 
the user can start selecting the particular locations that will be considered in the calculations for the 
aquaculture species he wants to assess. If different interactions combinations shall be evaluated per 
model run, the user can define varying scorings by using the purple button opening up the interaction 
matrix tool (Fig. 10). 

 

 

Figure 10: The AquaSpace toolbar, simplifying the selection of the extent (Country), the harbour from 
which the aquaculture site will be supplied (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), the siting tool (Site Location) and the Interaction matrix tool (purple button) 
(from left to right). 

 

The GDB template contains all the required feature classes with table schemes as implemented 
and applied by the AquaSpace tool. For each GDB item metadata have been acquired that describe 
the item itself (feature class or GDB table) as well as the content of each field of table scheme. In 
ArcGIS the metadata can be viewed via the user interface by selecting => Item description from a 
ƭŀȅŜǊΩǎ => properties menu. It can also be accessed from ArcMap, Catalog Window => right click 
desired feature class => Item description (Fig. 11). 
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Figure 11: Arc Map catalog window with the AquaSpace Geodatabase (left). Metadata can be 
examined via the item description, here exemplified by the cumulative pressures layer (right). 

 

5.1.2. Process view 

Each tool section (e.g. User Input) addresses one specific process step as shown in figure 12. The 
users input defines 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 locations 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 activities. Consequently, the AquaSpace tool 
estimates all opportunities and risks based on inter-sectorial, environmental, economic and socio-
cultural indicators. Tool outputs (i.e. AquaSpace tool Assessment Report) are provided in pdf-format, 
whose design offer a transparent summary of all tool runs (i.e. scenarios) and the respective indicator 
values. Given are general site information (e.g. species, water depth, water quality), inter-sectorial 
effects (e.g. spatial conflict potential, disease spread), environmental effects (e.g. degree of exposure, 
cumulative pressures, distance 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 communicate opportunities 
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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Figure 12: AquaSpace tool conceptual overview. The users input defines the study area (e.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 locations to be tested. Next to general input data (e.g. management area or 
culture system to be assessed), inter-sectorial, environmental, economic and socio-cultural data are 
processed. 

 

5.2. Installation guide  

A quick start guide to install the scripts, add the GDB and connect all the required processing and 
storage paths for the AquaSpace tool to work correctly is given under Quick start. Subsequently, a 
detailed workflow is given with support to install all files needed to run the tool (Install the AquaSpace 
tool files), clipping case study data sets (Clip your data set) customisation procedures (Customization 
options), create an interaction matrix (Create interaction matrix), add your economic input data (Add 
your economic input) and how to perform the site assessment (Perform site assessment) with 
different scenario evaluations (Scenario building) (Fig. 13). 
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Figure 13: Visualisation of the AquaSpace tool installation and application process. 

 

5.2.1. Quick start guide  

1. Part of AquaSpace tool Installation 

¶ Check the AquaSpace tool system requirements carefully, see [[http://free -redmine.saas-
secure.com/documents/83]] 

¶ Watch the video of installation process, see [[http://free -redmine.saas-
secure.com/documents/85]] 

¶ 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 under => New issue 

¶ Watch the video for AquaSpace tool usage, see [[https://f ree-redmine.saas-
secure.com/documents/91]] 

¶ Test your local installation by a test run using the default GDB (German case study) simply by 
starting the Aquaspace_pro.mxd file under => C:\arcgis_addin\AquaSpace\Data, if you get an 
error or warning, please check the track list under issues [[https://free-redmine.saas-
secure.com/projects/aqua/issues]] and 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 

¶ Clip your country data set / case study area: this step is recommended in case there is no 
case study area listed under prepared country datasets, see: [[https://free-redmine.saas-
secure.com/news/46]]. In this context, by offering an EU-wide data package we aim to 
minimize the user effort of data harmonization and data adding. But for ArcGIS performance 
issues it is highly recommended to clip your country/ case study data set, see video 
instructions [[http://free -redmine.saas-secure.com/documents/82]]. This step is completed 
as soon as your clip result is stored under => C:\arcgis_addin\AquaSpace\Data and is renamed 
by the standard ecba_tool_data0.gdb 

¶ Add your own data to the AquaSpace GDB, see [[https://free-redmine.saas-
secure.com/documents/92]] 

¶ Create your individual interaction conflict matrix, see Tool use case: create interaction matrix 
¶ Now you are ready for using the AquaSpace Tool for your case study, please go to Tool 

application 

http://free-redmine.saas-secure.com/documents/83
http://free-redmine.saas-secure.com/documents/83
http://free-redmine.saas-secure.com/documents/85
http://free-redmine.saas-secure.com/documents/85
https://free-redmine.saas-secure.com/documents/91
https://free-redmine.saas-secure.com/documents/91
https://free-redmine.saas-secure.com/projects/aqua/issues
https://free-redmine.saas-secure.com/projects/aqua/issues
https://free-redmine.saas-secure.com/news/46
https://free-redmine.saas-secure.com/news/46
http://free-redmine.saas-secure.com/documents/82
https://free-redmine.saas-secure.com/documents/92
https://free-redmine.saas-secure.com/documents/92















































