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FEASIBILITY STUDY FOR THE ADRIATIC PLUS
DECISION SUPPORT SYSTEM (DSS)

for the adoption of measures to mitigate threats 
to the marine and coastal biodiversity
1 Chapter 1 – Introduction
1.1 Background
The marine system is often considered to be an ‘unpeopled’ space (Crowder & Norse, 2008), yet the near shore regions are anything but empty. Growing conflict between uses and users has resulted in some regions be over exploited, for example, in the Belgium North Sea, the total demand for marine space is at 264%, considering the legislative total claims of each industry (Maes et al., 2005). Marine (or Maritime) Spatial Planning (MSP
) is therefore developing as the tool of choice to manage marine users in time and space (Young et al., 2007). Integrating diverse data and information into a useable management tool requires greater analysis than solely utilising add-ins within a geographic information system (GIS). 
The development of a decision support system (DSS
) for marine spatial planning (DSS-MSP) provides policy makers with the capacity to make informed decisions in a timely manner combining environmental data, socio-economic information and stakeholder opinion. It provides support for the development of policy options and alternatives for decision makers. 
The Adriatic-Ionian Region (AIR) is a part of the Mediterranean Sea, due to its geography it provides a relatively defined region in which to test and manage projects related to transboundary management of natural resources. While the AIR is geographically defined it is also influenced by international, macro-regional, national and local jurisdictions and competences. The challenge will be to adapt a DSS-MSP to the macro-regional context and integrate MSP within all of these varied and changing frameworks. 
The five capitalised projects focus on biological diversity (Network for the Conservation of Cetaceans and Sea Turtles in the Adriatic (NETCET)), environmental protection (Strengthening Common Reaction Capacity to Fight Sea Pollution of Oil, Toxic and Hazardous substances in Adriatic Sea (HAZADR), Derelict Fishing Gear Management System in the Adriatic Region (DEFISHGEAR) and Ballast Water Management System for Adriatic Sea Protection (BALMAS)) and spatial planning (Shaping a Holistic Approach to Protect the Adriatic Environment: between coast and sea (SHAPE)). A review of the pertinent international, regional and European Union frameworks, for the context of the five projects is provided and the impact on the region is considered bearing in mind the outputs of these projects.
1.2 International Frameworks
· The United Nations Convention on the Law of the Sea (UNCLOS, Montego Bay, 1982) provides the basis on which most nation states define their seaward jurisdiction. All of the Adriatic-Ionian states are parties to the convention. In addition, the European Union (EU) also represents the constituent states in the convention. Within the AIR there are numerous marine zones the legal condition of which will affect how their waters are managed (see Scovazzi & Tani, 2016, for more details).  
· The 9th Conference of the Parties the Convention on Biological Diversity (CBD, Rio, 1992) adopted a series of scientific criteria to identify ecologically or biologically significant marine areas (EBSAs) in need of protection in open ocean waters and deep sea habitats (see Secretariat of the Convention on Biological Diversity, 2009). While the EBSAs were originally driven by the need to develop marine protected areas (MPAs) in areas beyond national jurisdictions, the remit has broadened to include MPAs and broader spatial planning also within national jurisdictions (Dunn et al., 2014). Within the AIR there are 3 full EBSAs and 2-parts extending into the Aegean Sea and the Sicilian Channel.
· Convention on the Conservation of Migratory Species of Wild Animals (Bonn, 1979) works in two ways, appendix I, migratory species threatened with extinction; and appendix II species that need or would significantly benefit from international cooperation. Under the auspices of the CMS the Agreement on the Conservation of Cetaceans in the Black Sea, Mediterranean Sea and contiguous Atlantic area was convened with the aim to reduce threats to cetaceans in these waters and improve knowledge of these animals. ACCOBAMS is directly applicable to the cetacean research, conservation and education aspect of the NETCET project.
· International Convention for the Prevention of Pollution from Ships (MARPOL, London 1973, as amended in 1978) is the main international convention concerning the prevention of pollution from ships due to operation of accidental causes, which is directly relevant to the HAZADR project. The six annexes cover all forms of pollution, only annexes I and II are compulsory, the Regulations for the Prevention of Pollution by Oil and Regulations for the Control of Pollution by Noxious Liquid Substances in Bulk, respectively. Within the AIR all of the states are contracting parties to Annexes I and II except Bosnia and Herzegovina (see Katsanevakis et al., 2015, Table S1a for more details). 
· The International Convention for the Control and Management of Ships' Ballast Water and Sediments (BWM, 2004) sets requirements for managing ships ballast water and sediments. The convention is directly relevant to the BALMAS project. The aim of the convention is to reduce threats to the environment, human health, property and resources posed by transfers of harmful aquatic organisms and pathogens through ship’s ballast water and sediments. In accordance with the BWM Convention vessels will be required:

1) To manage or treat ballast water before discharging, or

2) To conduct ballast water exchange.

The first option can be achieved either by treating ballast water on board in an approved management system or by discharging it from the vessel to a port treatment facility. The second option acts as a temporary measure before vessels (or ports) are equipped with an appropriate system. The convention will enter into force on the 8th September 2017. Currently 51 countries having ratified the convention, up to October 2016 only Croatia, Albania and Montenegro have ratified the convention so far
 in the AIR macro-region.
1.3 Regional Frameworks
· The Convention for the Protection of the Marine Environment and the Coastal Region of the Mediterranean (Barcelona, 1976, amended in 1995). The Mediterranean Regional Seas Programme was the first of the United Nations Environment Programmes (UNEP). The Convention consists of seven protocols for the management of different environmental aspects of the Mediterranean Sea and provides a global and regional framework for dealing with marine pollution incidents. In particular, it addresses preparedness for and response to accidental marine pollution and cooperation among the countries in case of emergency, as well as four international Conventions and Protocols forming the basis of the international regime for compensation of damage caused by pollution by oil or other hazardous and noxious substances.

1. The Protocol for the Prevention and Elimination of Pollution in the Mediterranean Sea by Dumping from Ships and Aircraft or Incineration at Sea 
2. The Protocol Concerning Cooperation in Preventing Pollution from Ships and, in Cases of Emergency, Combating Pollution of the Mediterranean Sea
The Emergency Protocol is relevant to the HAZADR project. The protocol aims to implement international regulations to prevent, reduce and control pollution of the marine environment from ships and to take all necessary measures in cases of pollution incidents. The Emergency Protocol obliges its Contracting Parties to maintain and promote contingency plans and other means of preventing and combating pollution incidents. Furthermore, it aims to exchange information, through the Regional Activity Centre in Malta, about domestic regulations, responsible authorities, and best practices regarding the prevention of pollution and emergency response. The Emergency Protocol further requires Contracting Parties to warn the nearest coastal state (and other Parties likely to be affected) of incidents that may result in pollution. Contracting Parties must also inform each other of their planned response to a pollution incident.
3. The Protocol for the Protection of the Mediterranean Sea against Pollution from Land-Based Sources and Activities
4. Protocol Concerning Specially Protected Areas and Biological Diversity in the Mediterranean (SPA-BD Protocol)
Of particular importance for conservation is the SPA-BD Protocol (Barcelona, 1995) and is relevant to the NETCET project. This protocol provides the framework for the identification of Specially Protected Areas of Mediterranean Importance (SPAMIs). The adoption of the ecosystem based approach to management in 2008 has been extended through to the adoption of the criteria for the identification of the EBSAs of the CBD. There are 8 EBSAs proposed for the Mediterranean Sea, of which three reside fully within the AIR and two partially.
5. Protocol for the Protection of the Mediterranean Sea against Pollution Resulting from Exploration and Exploitation of the Continental Shelf and the Seabed and its Subsoil
6. Protocol on the Prevention of Pollution of the Mediterranean Sea by Transboundary Movements of Hazardous Wastes and their Disposal
7. Protocol on Integrated Coastal Zone Management in the Mediterranean

The ICZM Protocol is directly relevant to the SHAPE project. It is an international legally binding instrument which invites the Contracting Parties to ensure all necessary measures for establishing the inter-sectoral and intra-governmental co-ordination, as well as for creating institutional integration in compliance with objectives and principles of the Protocol.  
· The Trilateral Commission for protection of the Adriatic Sea and coastal areas against pollution, consisting of Italy, Slovenia, Croatia and Montenegro, also works with the Priority Action Plan of the Regional Activity Centre, a component of the Mediterranean Action Plan. The Commission provides coordination on problems such as ballast waters, combating pollution caused by solid and hazardous waste, and the development of a Particularly Sensitive Sea Area (PSSA) proposal for the Adriatic (David & Gollasch, 2008). The PSSA proposal was submitted to the International Maritime Organisation (IMO) in 2006. With the proposed expansion of the Ports of the Northern Adriatic and the recognition of the status of the Adriatic as a geographically important trading route between Asia and Europe (Kocian, 2014) the creation of an Adriatic PSSA appears to make increasing sense (Vidas, 2010). The slow water exchange with the Mediterranean and increasing levels of use make this region particularly vulnerable to both chronic long term pollution and acute pollution events. The PSSA proposal for the Adriatic was tabled for submission to the IMO in 2009 (David & Gollash, 2008).

· The Convention for the Conservation of Wildlife and Natural in Europe (Bern, 1979) covers much of the natural heritage of the European continent and is a binding international legal instrument in the field of nature conservation launched by the Council of Europe. States undertake to adopt all appropriate measures to ensure the conservation of natural habitats and species of endangered, threatened and vulnerable, including migratory ones. The objective of the Convention is to promote national policies for the conservation of species of wild flora and fauna and their habitats, to develop common measures against pollution, promote environmental education and co-ordinate research. The member States, cooperate through the coordination of efforts to protect migratory species, exchange information and share experiences and expertise. The Convention also provides for the development of a regional protected area network ‘the Emerald Network’ which is the directly equivalent to the EU Natura 2000 network of protected areas. The Bern Convention was adopted by the European Community through the Council Directive on the conservation of wild birds (Birds Directive, 79/409/EEC, later updated in the Directive 2009/147/EC) and the Council Directive on the conservation of natural habitats and of wild fauna and flora (Habitats Directive, 92/43/EEC). 
1.4 European Union Frameworks
The majority of this region falls under EU member state jurisdiction as such various policies and directives apply to this region. Below are the major EU frameworks that apply in this instance, however this is not a definitive version, other regulations apply to the region with varying degrees.
· For nature conservation the Habitats Directive (92/43/EEC) and the Birds Directive (79/409/EEC), which constitute the Natura 2000 network, are of particular importance. The Natura 2000 network is considered to be the cornerstone of EU nature and biodiversity strategy (Commission of the European Communities (CEC), 2012). The Habitats Directive also encourages cooperative transboundary research to identify areas essential to the life, migration and reproduction of aquatic species which range over large areas (Mackelworth et al., 2013).

· The Adriatic Sea is also a sub-region of the EU Marine Strategy Framework Directive (MSFD) (2008/56/EC). The MSFD takes a wider ecosystem based approach to marine management (van Tatenhove et al., 2014). It places the obligation on the individual member states to use 11 qualitative descriptors of Good Environmental Status (GES), to determine baseline values and develop target values. Consequently, effort is invested into the research of biodiversity, biological and ecological processes, methods to evaluate anthropogenic threats and strategies for mitigation. GES cannot be achieved only within national borders due to the characteristics of marine environment, only in a wider, regional context (van Hoof et al., 2014). The MSFD also requires that member states utilise existing regional cooperating structures, particularly the UNEP Regional Seas Conventions to co-ordinate among themselves (CEC, 2005).
· In 2014 the increasing demand for marine space was recognised by the Directive for a Framework for Maritime Spatial Planning (MSP) (2014/89/EU).  Member states are required to identify, analyse and organise all existing human activities to achieve economic, social and ecological objectives, including good environmental status, according to the MSFD through an ecosystem based approach.  The Directive requires that member states shall bring into force laws, regulations and administrative provisions to comply with the directive by 18 September 2016 (CEC, 2014). Through their maritime spatial plans, Member States shall aim to contribute to the sustainable development of all economic sectors and the preservation, protection and improvement of the environment, including resilience to climate change impacts. 
· The latest reform of the Regulation on the European Maritime and Fisheries Fund (Common Fisheries Policy (CFP)) (Regulation (EU) No 508/2014) adopts a more ecosystem based management approach which integrates more closely with the concepts of sustainable development in the MSP Framework (CEC, 2014). Priority is also placed upon the development of cross-sectoral initiatives that are mutually beneficial to different maritime sectors, particularly exchange of information, dissemination of information and coordination between sectors in the MSP framework. The reform has changed the manner in which the CFP in managed giving greater control at national and regional level with the development of a management framework that is sustainable for both local biodiversity and stakeholders.
1.5 European Union Strategy for the Adriatic and Ionian Region (EUSAIR)
A 'Macro-regional strategy' is an integrated framework endorsed by the European Council. It aims to address common challenges faced by a defined geographical area relating to Member States and third countries located in an interdependent spatially coherent area which will benefit from strengthened cooperation contributing to achievement of economic, social and territorial cohesion. (http://ec.europa.eu/regional_policy/, 2016).

The EU Strategy for the Adriatic and Ionian Region (EUSAIR) is potentially the most significant macro-regional framework for the management of the Adriatic-Ionian area. The EUSAIR was launched in 2012 and endorsed by the European Council in 2014. In national consultations for the development of the EUSAIR the majority of stakeholders were public authorities and other social and economic stakeholders, although to a lesser degree. The EUSAIR is in the form of a Communications and Action Plan, consisting of four thematic pillars: 
· Pillar Blue growth is focused in blue technologies (aimed at sustainable economic growth, employment and business creation, based on blue technologies). Fisheries and aquaculture promotes sustainable management, diversification and products marketing of the sector. Maritime and marine governance and services foster the administrative capacity to deliver service of public interest;

· Pillar Connecting the region supports development of maritime transport, intermodal connections to the hinterland as well as energy networks; 
· Pillar Environmental quality is focused in threats to coastal and marine biodiversity, pollution of the sea and protection of terrestrial ecosystems;

· Pillar Sustainable tourism is aimed in diversification of tourism products and services as well as sustainable and responsible tourism management;
The EUSAIR is the first macro-regional strategy to be launched in the Mediterranean (Cugusi & Stocchiero, 2016). In the development of the EUSAIR the sea has been a significant and important element linking all of the states, as such the development of equitable and effective MSP for the macro-region is a crucial element in most pillars of the strategy (see Chapter 3.1.2.). Macro-regions are identified according to two principles, ‘mutual interdependence’ and ‘spatial coherence’ however the absence of regulation to support the concept has meant that there is a degree of uncertainty among national and sub-national authorities as to the governance and future direction of the concept (Cugusi & Stocchiero, 2016). The macro-regional concept brings together multiple governmental actors all acting at different levels, this provides a challenge for decision makers. In addition, the multiple stakeholder groups utilising the region further complicate the process. Coordinating all of the different institutions, industries and stakeholders represents the greatest governance challenge for the EUSAIR.
1.6 Aim and Objectives 
Considering the specific objectives of the Call, the ADRIATIC+ project intends to pursue the following specific goals:

· To conduct a feasibility study to implement EUSAIR Actions aimed to set up a Decision Support System (DSS) for the adoption of measures to mitigate threats to the marine and coastal biodiversity. This will be done by defining agreed protocols on sharing data and by interconnecting tools developed within the five capitalized IPA Adriatic CBC projects; 

· To create synergies among projects and partners to enlarge the existing NETCET City Network with new Cities located on the Adriatic coast, in order to strengthen the acquired capacities and transfer good results and practices; 

· To develop synergies thanks to tools (databases, networks, web-GIS), best practices and models already implemented by the involved projects and partners, including Associates;

· To foster exchange among projects on the marine and coastal cross management experiences in the Adriatic basin;

· To increase the impact of territorial cooperation on regional and national policies through the involvement of both, partners and Associate organizations, as well as of EU and other Adriatic networks having an important experience in targeting and influencing policy makers. This should ensure a multiplier effect in mobilizing target groups and key actors;

· To promote the diffusion and use of the information on marine and coastal management, going beyond the territorial fragmentation and encouraging a cross-sectorial participation and the cooperation and awareness of public authorities, stakeholders, associations and the public;

· To encourage, to the highest extent possible, the network through the adhesion of the Mediterranean regions and the integration in other organizations or observatories;

· To spread widely EUSAIR and the strategic issues analysed.

1.7 Structure of the study
This study is divided into four main chapters. This, the first chapter, introduces the context of the project, Adriatic Plus. The second reviews the basis of decision making, the development to DSSs, the literature available on the DSSs for MSP, focusing on the industry standard, and, the available data for the Adriatic Sea including summaries of the 5 capitalised projects. The third chapter examines consistencies between the project and the EUSAIR macro-regional objectives, draws on interactions and information drawn out in the focus meetings, Marxan workshop and other presentations undertaken within the project giving a summary of the results of this feasibility study. The final chapter identifies areas where information is lacking and provides a road map for the future definition of a DSS-MSP system for the AIR.
2 Chapter 2 - Literature Review
2.1 Decision Making 

Decision making is a continual iterative and adaptive process. In a democratic society the aim is to forward the common interest of those involved. To define whether a decision is in the common interest three questions need to be answered (Clark, 2002):
· Is it inclusive and open to broad participation?

· Does it meet the valid expectations of all participants?

· As the policy is implemented or tested, is it responsive and adaptable in achieving the goals as the context changes?

To ensure good decision making there are seven main principles (Clark 2002):
1. Intelligence or planning, the process of obtaining and processing information and giving it to decision makers and other stakeholders, this includes providing data on biological, economic and social data on past, present and project future trends;
2. Promotion or creating support, the process of recommending and mobilising support for policy alternatives, or the creation of a ‘critical mass’ for change requires public awareness activities, lobbying and general dissemination of information;
3. Prescription or rule making, the writing of policy into law or legislation which requires clearly stated goals, outlining potential sanctions and defining the monitoring authority;
4. Invocation or the creation of support structures, ensuring the policy is consistent with other international, regional or national laws, ensuring administrative procedures are in place;
5. Application or interpretation, no policy is absolute until tested in a legal framework. This ensures that the interpretation is consistent;
6. Appraisal or assessing effectiveness, usually undertaken through an independent review process;
7. Termination or removal, when a policy or law no longer fits the social needs it should be removed or reformed.
A good DSS should be used iteratively throughout the decision making process, but generally it is used in various phases of policy development, most obviously in (1) intelligence, (4) invocation and (6) appraisal. Different forms of information and knowledge may be used in these phases.

(1)
Intelligence, the 5 IPA projects provide baseline data, analysis and project future trends for policy makers and stakeholders;
(4) Invocation ensures that MSP is in harmony with the national and international laws that apply within the region and ensure that there is support from policy makers within the Adriatic Sea;
(6)
Appraisal, reviewing the data and decisions ensuring that the objectives of the project are consistent and the results fulfil those objectives. 

2.2 Decision Support Systems (DSS)
Decision support systems (DSS) can serve many different purposes and take different forms. A DSS can take a form of a simple analogue algorithm of questions and answers or a highly complex purpose-programmed application based on large databases. The definition of a DSS is to provide decision makers knowledge from a variety of sources, including informal, which have been standardized to provide comparable information on which analysis and decisions can be based. Originally DSSs were developed to support business managers to be more effective in managing complex projects (Power, 2008). However, perhaps most essential is that to be effective DSSs must have clear goals and objectives must be articulated to provide clarity for the definition of options and alternatives. 
Greater than 90% of the effectiveness of a DSS is in the articulation of the research goals. In this instance there is an advantage for modellers and analysts to work closely with policy makers to accurately address and articulate potential planning problems thereby bridging the current research-policy gap. To effectively assist decision makers, analysts and modellers should support the decision research process rather than the narrower decision making process, this provides the decision makers the opportunity to solve problems in an adaptive and flexible environment. Providing not only information but understanding, and options and alternatives to recognise potential conflicts before they emerge providing mitigation and potential trade-offs early in the process (Densham, 1991).

Developing partnerships between researchers and policy makers enable projects to directly address the ‘real-world’ issues and access different professional perspectives (Kothari & Wathen, 2013). Decision makers can take a number of roles with varying commitments to the projects they are commissioning (Ross et al., 2003):

1. Formal supporter – provides explicit support, assists through provision of ‘legitimacy’, facilitates access to resources and information, helps to develop methods and assists with data management, but is not actively involved in the research process;
2. Responsive audience – engaged through research initiated activities including formal and informal processes, involved through materials prepared by researchers, provides ideas and tactical advice, facilitates data collection, assists with results interpretation and the development of knowledge transfer strategies;
3. Integral partner – engaged through decision-making initiated activities, involvement reflected in the written materials of the project, helps to shape the research processes and outcomes, is involved in research conceptualisation, directly involved in the formulation and execution of knowledge transfer strategies.
Explicit efforts must be made to identify strategic opportunities for decision-maker involvement and the development of trust between the two groups. The growing culture of accountability for policy makers and their institutions makes it within their own interests to understand and assist research. Hence it is logical for institutions to make integrated knowledge transfer part of the of the regular responsibilities of the constituent individuals that devise policy, supporting this with defined funds and time. 
2.3 Environmental Decision Support Systems (EDSS)
In the context of environmental decision making, a DSS is often based on spatial modelling. However geographic information systems (GIS) itself does not adequately support decision making due to a lack of analytical modelling capability and the possibility to factor in variations in context and policy processes (Densham, 1991). The difference between GIS and DSS is an understanding of the processes involved, by understanding all the elements of the picture you can understand the problem and hence manage conflict and embrace any uncertainty. As the management of environmental systems becomes more complex, taking into account complex linkages between ecological and socio-political-institutional systems, more sophisticated environmental DSSs are being developed (Matthies et al., 2007). Early environmental DSS were mainly ranking or scoring systems for species and habitats, the development of mathematical algorithms allows users to ask specific questions about the multiple objective planning process. While the need to involve stakeholders and non-decision-making actors adds complexity to the process, it can provide legitimacy and reduce conflict in the long-term, provided that the DSS is transparent and the interface is intuitive and easily accessible. DSS can be used to reduce use-use conflicts and use-ecosystem conflicts (Portman, 2016). 
DSS computer platforms can be sold as packages or available as free software, in either circumstance they need to be modified to suit the specific purposes of the hypothesis thereby facilitating science based decision making (Portman, 2016). DSS incorporates diverse forms of data to transparently assess management alternatives and trade-offs (Coleman et al., 2011). The development of an environmental DSS for the marine environment is not new. Stelzenmüller et al. (2013) reviewed 39 practical tools, a majority of which have been applied to the marine environment. One of the underlying problems with these tools is the lack of integration between researchers and policy makers. In most cases these tools have lacked a participatory and transparent process. The marine planning process requires integrated assessment of; multiple objectives; conflicts and synergies of marine uses; risk of cumulative effects of human activities; spatial zoning or management options; and, scenario testing (Stelzenmüller et al., 2013, p215).

One of the key attributes outlined for an effective DSS-MSP is identification and tailoring of the system for the proposed user. Hence it is better to create a context DSS based on the freely available software. Two DSSs that have been widely in environmental and conservation planning are Marxan and Zonation. Both use heuristic algorithms to find the best conservation options given particular targets and constraints (Portman, 2016). While similar they have different techniques in identifying sites. 

Zonation provides a hierarchical scheme of zoning. It uses a reverse step approach starting with the full landscape and removing those cells which result in the smallest loss of overall conservation value while accounting for the overall and individual features, connectivity and weighting given to those features. The ‘least’ valuable conservation cells are sacrificed first while the cells with the greatest biodiversity are kept to the end of the process It produces a complementarity-based and balanced ranking of conservation priority over the entire land or sea-scape (Moilanen et al., 2005).  Zonation can also be used for identification of cells and units within a wider land scape based on non-environmental values.
Marxan uses planning units (PUs) that are defined by the user based on targets and costs. It focusses on the desirability of these targets but takes into consideration design factors such boundary length versus continuity of area. PUs are continually added to runs of the application until targets are met. The optimal solution for conservation will depend on the frequency that individual PUs are selected during multiple runs of the application. While Marxan uses a binary ‘in or out’ concept, Marxan with zones expands on the basic reserve design, in this manner it can be used for spatial planning and resource management (Portman, 2016). Marxan has been broadly used in the marine environment for MSP and is considered as one of the better tools on which to base stakeholder involvement (Stelzenmuller et al., 2013).
2.4 Decision Support Systems for Marine Spatial Planning (DSS-MSP)
The systematic and spatial nature of a DSS-MSP to promote efficient use of marine space provides clear benefits to all users of the seas (Coleman et al., 2011).  The DSS-MSP provides a scientific based framework through which a well-managed spatial plan can develop. This allows the definition of place based planning processes. This can reduce conflicts, provide clarity and hence allow stakeholders and industries to more effectively use the space they have been allocated with certainty that they have priority within that area. However, DSS are not a panacea for the challenges of decision making in the marine environment (Portman, 2016). There are many decisions that must be explicitly made for the operation of these systems prior to and during their use. 
The use of DSS requires at least a basic knowledge of GIS functionality. Issues related to scales may also create problems when converging data from multiple sources, some pre-processing of data may be required before the tools can be used, for example template results grids must be created at the required resolutions, while clipping of data to the required region or area of interest will improve processing times (Stelzenmüller et al., 2013). DSSs use algorithms and modelling, and they indicate options through the processing of data. As these tools develop, in the form of software applications, they have a tendency to become more generalized. DSS are still better at solving particular types of problems, such as defining conservation areas, because they were developed with a particular use in mind. Additionally, an understanding of the environmental impacts of anthropogenic activities and the data provided is needed as the user is responsible for interpreting the outputs in an appropriate manner. In some instances, the absence of an audit trail makes it difficult to follow processes and changes made within data processing which can create a ‘black box’ feeling where the internal workings of the system are largely unknown.

Beck et al. (2009) highlight MSP best practices taken from 20 different regions, besides issues related to boundaries, scale, data management and multiple objective planning, they recognise that the future of spatial planning is in interactive DSSs. They suggest that DDSs need to identify the appropriate users, be easy to use, flexible and include an intuitive user interface, clarify the role of the DSS in MSP, provide management alternatives, integrate accepted international and governmental standards, enable movement of data between different platforms, recognise uncertainty and limitations, give support to uses and be adaptive according to the changing environmental and policy context.
Finally, outputs from any DSS only provides options and alternatives. Each site selected must still have an expert review and discussions with stakeholders. Visualization tools, such as GIS, not only display information, but also have the potential to improve decision making, especially when stakeholder involvement and public participation is important. This may indicate ways to re-analyse or make direct changes to the sites that are selected. Changes to the sites should be clearly documented and clear rationales identified in order to ensure the transparency of the whole process. If the processes involved in the DSS are not understandable by policy makers, stakeholders and other interested parties it is unlikely that they will ‘buy in’ to the options proposed. DSS should be a starting point of discussion rather than an end point (Portman 2007).
2.5 Decision making data, techniques and/or tools developed by the IPA Adriatic capitalized projects

All of the project address similar spaces and seek to manage uses within these spaces, however each has a different objective and approach to management.

2.5.1 NETCET

Project NETCET aimed to strengthen institutional capacity for the conservation of sea turtles and cetaceans throughout the partner states of the Adriatic Sea. The project enhanced cooperation and strengthened networks in the institutions working in this field in the region. It established coordinated monitoring, strengthened technical capacity and increased public and stakeholder awareness. The final outputs included common conservation strategies throughout the region and national action plans. 

Emerging from the NETCET project were certain outputs that directly fed into the Adriatic Plus capitalisation project. These included standardised databases for the tracking of stranding data throughout the region, distribution models and abundance estimates for the actions of the research work package including aerial survey data, photo-identification surveys and sea turtle tracking data.
2.5.2 SHAPE
SHAPE project (Shaping a Holistic Approach to Protect the Adriatic Environment between coast and sea) aims at the development of a multilevel and cross-sector governance system, based on integrated management of the natural resources, risk prevention and conflict resolution among uses and users of the Adriatic coast and sea.

Project activities promote the application and the successful implementation of the Integrated Coastal Zone Management Protocol in the Mediterranean and the Roadmap for Maritime Spatial Planning in the Adriatic region. The activities of SHAPE project were organised in five Work Packages (WP). WP Integrated Coastal Zone Management provided expertise on the ICZM Protocol (Barcelona convention), which entered into force in March 2011. It demonstrated the framework governance structure that needs to be in place for the Protocol implementation and capacity building. Partners have prepared pilot projects on the implementation of Art.8 (dealing with establishment of a zone where construction is not allowed). WP4 was focused on Maritime Spatial Planning: partners prepared basic studies on legal and policy frameworks, on ecosystem basis for MSP, problem analysis and thematic mapping as well as methodological handbook on MSP in the Adriatic Sea.  They also tested MSP at local scale by common data processing and mapping and developing pilot actions. WP5 (Within land and sea) contributed experimental GIS Atlas of the Adriatic Sea Region, an integrated tool for storing, visualizing and managing data, both at basin and at local scale, able to support planning processes to implement ICZM & MSP.
2.5.3 HAZADR

The HAZADR project aimed specifically at upgrading the knowledge upgrading the knowledge framework on the environmental and socio-economic risks in the most vulnerable of the Adriatic Sea. It sought to harmonise, improve and shorten deployment time of the cross – border reaction capacity in the event of oil, toxic and hazardous substances spill. Fundamental to this was the set up a common database on the state of readiness and spatial distribution of pollution preventing equipment along the Adriatic coasts and the improvement of cross-border joint exercises and the establishment of an Adriatic Training and Research Centre and the improvement of the early warning system – through a joint radar monitoring program based on a set of radar systems and VHF devices.
Specifically, the project provided COMADEX: system allows to estimate the danger level of weather conditions and a single specific ship. The risk value is calculated on a combination of parameters related to the peculiar elements of the Adriatic Basin. The profile of each ship is summarized inside the COMADEX system and is determined by six parameters, Ship type, Gross tonnage, Year of launching, Flag, Register, Weather and sea conditions. OIL SPILL EARLY ALERT: Registered users can receive forecast of oil spill movement. The oil spill FSS is a model based on mathematical statistics, able to predict the dynamics of hydrocarbons (direction, speed, impact) on the sea and nearing the coasts with a forecast up to 72 hours. When the forecast is ready the user is informed by SMS and / or email. The oil spill forecasts are available through a link on www.hazadr.eu.
2.5.4 DEFISHGEAR

The project implementation concept relies on monitoring activities, tailored as a “fact-finding” mission that will bring forth the basis for the development of a first joint marine litter strategy in the Adriatic Sea. The Outcomes of these activities will provide fact-based arguments for policy makers and establish a regional network of experts that will continue to collaborate among themselves assuring a sustainable joint management of marine litter in the Adriatic. Therefore, this project is set out to create uniform capacity in member states, thus following the pre-accession assistance goals. A similar approach was used in pilot activities resulting in applicative solutions when it comes to the fishery sector, recognized as one of the key stakeholders with a two-fold role in this project. All activities have resulted in descriptive guidelines serving as a compilation of good practices, and encompassing new knowledge acquired in the process of the project implementation. The aforementioned guidelines will be both available and understandable to the general public as well, ensuring their active engagement in the project.

Project activities are coordinated and synchronized on cross-border level with promotion of the ecosystem approach with outputs that will help to achieve a Good Environmental Status in line with the Marine Strategy Framework Directive (2008/56/EC) Descriptor 10, Marine Litter. Thus, the project will foster collaborative policy frameworks for the implementation of the ICZM protocol at cross-border level, thus aiming at improving the scientific knowledge, underpinning decisions on coastal zone management strategies and options.
2.5.5 BALMAS

The BALMAS project (Ballast Water Management System for Adriatic Sea Protection) aimed at minimising risks of introducing harmful aquatic organisms and pathogens (HAOP) into the Adriatic environment through ships’ ballast water. The project aimed to reach this result through developing a ballast water management (BWM) system for the Adriatic region and proposing its adoption and long-term, implementation to the Adriatic countries.

The BALMAS project was oriented to developing a BWM system according to the BWM Convention and according to the needs and constraints of the Adriatic Sea. For reaching this goal, several data and knowledge gathering activities were conducted. These provide a state-of-the-art knowledge of the current state of the Adriatic Sea, which enables the development of a sound BWM system. The developed data sets also directly facilitate the functioning of the proposed system. These activities include also the following activities that provide direct or indirect support to MSP:

· GIS analysis of maritime traffic in the Adriatic Sea: an elaborate analysis of maritime traffic in the Adriatic which can directly facilitate the MSP development, since it provides good insight into the use of marine space by the shipping industry

· Analyses of BW discharges in 12 Adriatic ports: ports represent hubs for introduction of HAOP and are thus recognised as areas of important pressures to the environment. 

· Biological surveys of marine environment in 12 Adriatic ports (port baseline surveys and port monitoring): together with the previous analysis provides insight into Adriatic ports as important HAOP introduction areas.
The final BALMAS project outputs are: development of a DSS assisting port authorities in making decisions regarding taking BWM measures for vessels arriving to the Adriatic ports and providing strategic documents for long term implementation of the proposed regional BWM system by the Adriatic states.

The project partnership encompassing different institutions, from research, to industry associations and decision-makers allowed an inclusive approach in the development of the BWM system. The approach taken provided valuable experience that can be applied also to further developments in the field of MSP, since MSP requires (even more than BWM) an inclusive inter-sectoral international approach involving all important stakeholders.
3 CHAPTER 3 - FEASIBILITY STUDY FOR MARXAN USE IN THE ADRIATIC+ DSS
3.1 Preparation of Feasibility Study
3.1.1 ADRIATIC+ DSS scope and Decision Process Definition
The process of developing an operational DSS-MSP will need to be inclusive, this is recognised also in the EUSAIR as an area of current weakness. Obtaining buy-in from governments, at varying levels, institutions, industries and other stakeholders will require a transparent process enabling these groups access to the process from the start. 
Much of the data in the region is held by industry, institutions and non-governmental entities, this will entitle these stakeholders to be part of the decision process definition, the development of the DSS-MSP and have an input in the interpretation of the outputs. Stakeholder input can assist decision makers, analysts and modellers develop the decision research process thus providing decision makers the opportunity to solve problems and recognise potential conflicts before they emerge. Only in this manner will the DSS-MSP provide alternative solutions to potential disputes and thereby mitigate conflicts.
3.1.2 Relevance of the A+ capitalisation DSS to the EUSAIR

The five capitalised projects targeted different sectors and clearly different objectives but also featured aspects of the EUSAIR action priorities, below figure 1 highlights a wide but not exhaustive list. The Adriatic plus project capitalises on the five projects and in the table synergies between projects become relevant and clear. Further the development of the DSS-MSP will highlight increased synergies and provide assistance to policy decision makers.
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Figure 1: Connections between the 5 capitalised projects and the pillars, topics and actions of the EUSAIR Action plan
3.1.3 ADRIATIC+ DSS expected impacts
The Mediterranean is a complex region. The meeting of three continents brings environmental, social, economic and political complexity. While the Adriatic region is less complex, applying a DSS-MSP in this region must recognise the complexity of working with multiple states with multiple jurisdictions rather than conservation under one jurisdiction. In addition, there are differences between the policy architecture in the four states involved in the project which will create further complexity. Integrating data from five projects, each with differing objectives also provides challenges, a DSS-MSP where conservation is only one user provides different challenges than where conservation is the only goal. Capitalising on each of the five projects both collectively and individually provides important perspectives. The process of developing a DSS in this region brings together researchers from diverse backgrounds, engineering, chemistry, biology, social science among others, these perspectives alone identify overlaps and synergies between projects. 
Effective spatial planning requires access to a wide variety of stakeholders and industries the diversity of the projects being capitalised by this project and the partners involved means that many have experience with differing sectors of society and industry. For example, NETCET worked closely with the nature conservation departments in each of the Adriatic countries, BALMAS worked with the port authorities and shipping industry, HAZADR worked with the oil industry and DEFISHGEAR worked with the fishing industry. Being able to gain access to each of these industries is a fundamental advantage of the Adriatic + project. The full definition of DSS-MSP would enable different industries and sectors to work within known parameters thereby reducing conflict and increasing productivity. 

3.2 Marxan based Decision Support System (DSS) (adapted from: www.marineplanning.org)
Marxan is one of the most widely used DSS in conservation and resource use planning (Ball et al. 2009). It is particularly known for supporting MSP management regimes.  Marxan aims to achieve set targets at the lowest cost by generating several different options. The options it produces represent a group of complementary areas that achieve all targets, which could not be done using a single area. It is also important to note that Marxan does not produce definitive protected area networks; the different options must be adapted to take into account various political, socioeconomic and practical considerations.
Marxan is able to integrate very large amounts of data and information and find the best compromises between different objectives (e.g., ecological and socioeconomic objectives). The advantage of the software tool is its ability to find several near optimal alternatives. It is flexible and supports the decision-making process by offering a range of options. This kind of software enables users to systematically select sites and follow a transparent, replicable process (Ardron, 2010).

Marxan algorithm
Marxan uses a spatial grid composed of planning units (PUs). All ecological features (e.g. habitat types) are overlaid within the grid and the quantity of each feature in each PU is calculated. Also, a target is assigned to each conservation feature (e.g. 30% of each habitat type). Marxan is designed to test different combinations of PUs until it finds a combination that meets all targets at the lowest possible cost. This cost can be associated with the area covered, a socio-economic cost or other costs.  Marxan selects sites based on a heuristic algorithm known as “simulated annealing”. The goal of the algorithm is to keep the total score of a solution to a minimum while achieving all conservation targets. The total score (which must be reduced) is made up of three user-defined components:
MARXAN score = ∑PU cost + ∑SPF x Penalty + BLM x ∑Boundary Length
· Sum of the cost of each planning unit (∑PU cost): equal to the sum of area or the socioeconomic cost associated with the PUs. 

· Penalty for not achieving all conservation targets (∑SPF x Penalty): The species penalty factor (SPF) multiplied by the percentage of the target not achieved (penalty). Each ecological feature has an SPF and a target. The SPF is generally associated with the significance of meeting conservation targets. The higher the factor, the more the Marxan algorithm focuses on achieving this target first.

· Total boundary length cost (BLM x ∑Boundary Length): Equal to the total perimeter of the solution multiplied by the boundary length modifier (BLM). The BLM is directly related to the fragmentation of a solution. The higher the BLM a more compact solution will Marxan produce. Using this cost is optional, but recommended as it will likely create a network of sites that is more compact and hence easier to implement.
The following example illustrates how Marxan score is calculated.  
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Figure 2. Example of calculation of Marxan scores for two different options (Adapted from Bob Smith, https://anotherbobsmith.wordpress.com/software/cluz/)
This example has three ecological features, and we want to include at least one individual per specie in our reserve system (Figure 2). After we run Marxan we obtain two possible alternatives, each with four PUs. The cost associated with the PUs is the same (4), but the total cost is very different (16 vs. 32). Solution 1 has a higher cost than solution 2 because the PUs selected are less aggregated, which results in a greater total boundary length. Also, no PUs were selected for fish in solution 1, so the target was not achieved, resulting in a penalty (SPF = 10) for this feature. Marxan follows the same logic on a larger scale to produce different options with the lowest possible total cost. The user can vary the PU cost, the BLM (which influences fragmentation) and the SPF. 

A scenario in Marxan is a user-defined set of parameters including the desired number of solutions or runs and the amount of aggregation or clumping of assessment units. Marxan will find several “good” solutions to a single problem, that is, different possible PU combinations that meet conservation targets with the minimal costs. These “good” solutions can be added to produce a selection frequency map. Selection frequency is the number of times a PU is selected in all solutions, thereby showing the degree of “irreplaceability” of a given PU for a future MPA network. For example, PUs that are repeatedly selected (> 90 times/100) represent areas that are essentially indispensable for the network, whereas less frequently selected PUs do not necessarily have to be included.

Marxan provides the possibility to run a series of scenarios and iteratively learn from those scenarios to develop better options and alternatives. This is particularly useful when working with stakeholders and decision makers to enable a participative process to enable a decision making process rather than trying to provide the perfect solution.

Database Management System

Database design and management are extremely important aspects of spatial planning but often there is either a lack of forethought or an inadequate amount of time devoted to these. Planning processes produce large amounts of information that must be organized. It is important that this component of any DSS be well designed and implemented. A number of software programs exist to help build and update Marxan input files from spatial databases. While these programs focus on the creation of files necessary to run the DSS, there should be an equal focus on the management of core information that fuels this tool. The ESRI geodatabase allows users to design a database that contains all spatial and tabular data in one repository. This set of information can then be queried through database software such as Microsoft Access in order to build Marxan input files. By developing a suite of structured queries, planners can easily and efficiently manage what targets, impacts, threats and human uses are included in these files. This management system also allows new or updated information to be readily incorporated and queried. With a well-designed data management scheme, planners can archive spatial data; maintain relationships between conservation targets, current impacts and human uses; and readily distribute information to partners. It is therefore important that these DSS be transparent, flexible and adaptive as they grow to accommodate multiple objectives.
3.2.1 Marxan DSS Workshop
As part of the feasibility study a workshop was organised in Veli Lošinj by the Blue World Institute (Project Partner 2) to introduce the partners to Marxan as a potential DSS-MSP for the AIR. 
Trainers, Norma Serra-Sogas and Jennifer McGowan from PacMARA and the University of Queensland respectively, presented on the first two days a non-technical introduction to Marxan. This provided a high-level background on marine systematic conservation and sea use planning, and covered questions of when, where, and why to use Marxan and other DSS. In addition, essential elements of successful planning processes were explained and case studies of initiatives from around the world were presented. At the end of the session discussions about how to integrate the knowledge from the ADRIATIC+ project, data gaps and overlaps, and determining the feasibility of using a DSS for the Adriatic were held. In total 27 persons attended from 8 partners representing the full five capitalised projects and two persons from CNR representing the AdriPLAN project.
The second part of the workshop was more technical looking to provide knowledge and skills necessary to use Marxan and Marxan with Zones in the context of marine conservation and human use planning. For this portion of the workshop intermediate knowledge of GIS and GIS tools (ArcGIS or QGIS) were required. Participants were introduced to Marxan input files and parameters through an interactive session. The trainers then led an introduction to Marxan analysis with a session running exercises and exploring Marxan outputs through discussion within the group. Day four looked more deeply into the processes about how Marxan finds efficient options which was then focussed on an introduction to Adriatic Case Study: Identifying suitable areas to locate new aquaculture sites while minimizing impact to fishing activities, kindly provided by CNR, Italy. Continuing the session participants were shown how to apply spatial design principles in Marxan and methods to evaluate Marxan solutions. On the final day participants were shown how to visualise outputs using the add on Zona Cogito and then a greater discussion on DSS for MSP was facilitated. In total 22 persons were involved in the second part of the workshop. 

The outputs of the workshop were to build capacity of the participants so that the elaboration of this feasibility study could feed into further discussions and potential for the development of a DSS-MSP for the AIR. In addition, potential issues were raised regarding the suitability of Marxan for the AIR MSP and new projects were discussed, Chapter 4 elaborates. 
3.2.2 The A+ Smart Platform

An additional input, derived from a technical contribution of Marche Region, is to connect to Marxan and to the overall structure of the Adriatic+ DSS, a Smart Platform that can activate a triple E effect:

1. expand the re-use and the integration of research- and project-related outputs and results addressing the same area and the same contents even if the researches and the projects hadn’t been supported by IPA CBC Adriatic and are not directly correlated to EUSAIR: in this direction the Adriatic + Smart Platform will operate as an Open Repository of projects and researches that can be browsed by an Intelligent Atlas hosted in the Platform; 

2. enforce a deeper multi-level Open Innovation System, by connecting NGOs, universities, researchers, professionals and policy makers in sharing experiences and ideas by a multi-thematic Community of Practice.   CoPs are informal networks dedicated to sharing knowledge among practitioners that collect and integrate experiences and models in order to: 1) adopt sharing and co-learning about related practices across projects; 2)  learn while doing; 3) support practitioners spread across the globe; 4) drive professional and scientific development. The infographics in the next page points out the core elements that will be analysed in order to set up the test version of the Adriatic + CoP.

Enlarge the common Knowledge Management Systems that are now on and that can act as critical success factor in consolidating cooperation among policy makers, researchers and stakeholders in the area.  In this direction, the Adriatic + Smart Platform will host a dedicated Smart Library, that can support downloads and uploads and tailor-made research pathways. The basis of the Smart Library is a collection of more than 100 tagged and organised research papers, official documents, scenario reports that can feed discussions and knowledge sharing/upgrading among the community.
3.3 Considerations for Feasibility Study
This feasibility study recognises that MSP is inevitable in the AIR. While the biodiversity conservation and environmental protection agenda, recognised by the five capitalised projects, is an essential part of planning when policy decisions are made about the spatial and temporal use of the region, the aim of MSP must be to create sustainable and synergistic development for cooperation between sectors and different governance institutions. The DSS-MSP is not just overlapping of maps or GIS system and looking at numbers, but also an overlay of cultural, economic and social aspects. Clearly there is the requirement for inter-disciplinary work and a need to work closely with a wide variety of partners including policy makers, industry and other stakeholders.
3.3.1 Technical feasibility

While Marxan has already been widely used as a planning tool not only globally but also within the EU and even the Adriatic Sea, the capacity within the partners to the capitalised projects represented in the Adriatic+ project is low. To address this, the Adriatic+ project ran a 5-day workshop in September 2016 (see Chapter 3.2.1.). Building technical capacity will enable partners to overview the datasets from all 5 projects clearly stating which data is useful from the MSP perspective and which data sets should be further developed (e.g. georeferenced or additionally GIS analysed), which should be supplemented (e.g. currently available only for some countries), which would need clarification or quality control, which needs an update before their use and which can be used directly.

As part of the workshop the trainers provided instructions for the formatting of the currently available data from the five capitalised projects. While much of the data from partners will need to be formatted and standardised there is a large amount of available data to start the process. Factors such as scale will still need to be resolved as all of the projects work at different levels. One major issue is to access the available data for the region, this is held in individual organisations, institutions and groups which will need to be contacted and brought into the process to maintain equity. 

From a software and hardware point of view, Marxan, Marxan with Zones and Zonation are all open source or free to download software. The requirement for a GIS software could potentially require expenses for licences, however open source GIS software, such as QGIS, exists and is freely available. All of the forenamed software can be used on a standard computer.

While the Marxan workshop has addressed the basic lack of knowledge and understanding of a DSS-MSP greater emphasis must be placed on capacity building within the partners, this is recognised as cross-cutting priority on the EUSAIR. Additional workshops utilising specific multi-objective DSS, such as Marxan with zones, are required. The datasets developed within 5 capitalised projects sadly do not suffice for developing a working DSS for MSP and environmental protection. Several other data sets are needed and should be acquired in the preparation of a working DSS. We would propose to add a description of what kind of data is lacking and mention possible data sources and projects that can offer this kind of data. Combining the expertise within the partners of SHAPE, Adriatic+ and AdriPLAN would provide an excellent basis for continuing the MSP in the region. 
3.3.2 Financial feasibility 

In considering the financial sustainability of further developing a DSS-MSP the feasibility study must take into account many features of the projects being capitalised and the potential for the future application of the DSS-MSP. The development of a consistent and operative DSS-MSP will require investment in materials, training and staff. 

While Marxan is a free to use and free to download software, like all DSS, it does however require a reasonable knowledge of GIS programmes, access to the relevant environmental, social and economic data and input files to be formatted in such a way that can be read by the programme. In this regard the payment for licenses or other software and training of operators would be required, with the subsequent staffing expenses. 
As Beck et al., (2009) point out in their analysis of DSS-MSP best practice these systems must be interactive and capture, share and compare a wide range of stakeholder opinions and data. This would require a project incorporating all of the available data from the previous projects of SHAPE, AdriPLAN and Adriatic+ and further communication with industry stakeholders and policy makers. One aspect that has been clearly highlighted by the partners to the Adriatic + project is that efforts must be made to engage industries working in the region, other stakeholders and the relevant authorities. Participation and engagement with industry has been low in other MSP projects working in the region. The process of engaging with these target groups will require an investment of time and money with significant unknowns and risks involved in achieving the appropriate participation and buy-in for the outputs of the DSS-MSP. 

In the context of Adriatic + project each of the partners were asked to consider what would be needed for a further study, this was further elaborated at the end of the Marxan workshop (see Chapter 4.2 for a more structured plan).
3.3.3 Site readiness
The Marxan workshop in September 2016 has gone some way to prepare the A+ partners for the development of a DSS-MSP. However, the lack of engagement with is a great concern which was highlighted in discussions, in this regard the experience of the partners in the previous projects may provide access to those industries involved in working with the projects, for instance BALMAS with port authorities and shipping, HAZADR with the oil and gas industry, DEFISHGEAR with fisheries, and NETCET with the environmental stakeholders and authorities.
A crucial issue is to clarify the lead authority or governance regime that the DSS-MSP will inform to alleviate potential problems that arise from different regimes. Inclusion of the relevant authorities at an early stage of the DSS-MSP process – the presentation of the Adriatic+ project at the week of the regions in Brussels in October 2016 has engaged policy makers and made them aware of the potential for MSP in the Adriatic Sea. Clearly the EUSAIR has an important role, however, this should be one of facilitation rather than management, the EUSAIR could act as an observer of the Adriatic MSP process, providing guidance and putting pressure on the Adriatic countries to speed up the process. Finally, the DSS-MSP can only be as effective as the clarity of the objectives, the harmonisation of the data provided and interpretation of the results that emerge. 

4 Chapter 4 – Conclusions and Future Advances for a DSS-MSP in the Adriatic-Ionian Region
Returning to one of the original concepts behind the EUSAIR, the European Commission first intimated that there was a ‘natural axis’ of the Adriatic–Ionian macro-region, which is the sea (Cugusi & Stocchiero, 2016). The report of the Committee of the Regions specified that the mission of a macro-region should be to connect the diverse territories of the area ‘to foster its sustainable development while protecting the fragile maritime and coastal environment’ (CoR, 2011 p. 6). For Millennia this region has had a common cultural base, only in the last century has there been divergence in the region. Accessing this common culture history is an important aspect in facilitating macro-regional cooperation. Creating an equitable governance process will go some way to balancing actual and perceived differences.
4.1 Governance
The transboundary dimension and multiple jurisdictions in the AIR make the definition of an effective DSS-MSP complex. The connectivity of sectors, jurisdictions and even habitats and species identifies the AIR as a coupled system, yet defining spatial use as a whole may place undue burdens on some states or regions more than others due differences in costs and benefits. Combining the different governance levels, from local authorities to macro-region, will require a clear governance framework, the MSP directive suggests: 

‘While it is appropriate for the Union to provide a framework for maritime spatial planning, Member states remain responsible and competent for designing and determining, within their marine waters, the format and content of such plans’
EUSAIR governance involves two main levels. The coordinating level represented by a Governing Board with the implementation of the macro-regional strategy coordinated by the strategic project Facility Point. The objective of the project Facility Point is to support the EUSAIR process operationally and administratively, by enhancing the institutional capacity of public administration and stakeholders: providing administrative and secretarial support to National Coordinators, as well as content and scientific support to Pillar Coordinators, stakeholders’ platform, communication, monitoring and reporting, etc. Lead partner is the Government Office for Development and EU Cohesion Policy (R Slovenia), other partners come from other AI countries (ministries or governmental bodies) or regions. 
The implementation level is coordinated through the four thematic Pillars: Blue Growth; Connecting the Region; Environmental Quality; and, Sustainable Tourism. Pillar 1 – priority 1.3. Maritime and marine governance and services defines the project “Implementing Coordinated Maritime Spatial Planning (MSP) and Integrated Coastal Management (ICM)”, which will promote a coherent transnational approach to the spatial planning of the two seas. Pillar 3 – Environmental quality (priority 3.1. Marine environment) also defines Marine Spatial Planning (MSP) as important in ensuring the sustainable use of resources, with the following indicative actions: implementing common spatial information systems on ecosystem components and human uses and activities; and continuation of the activities initiated by the projects ADRIPLAN, SHAPE and PEGASO. Effective implementation of a macro-regional strategy, such as EUSAIR, requires a good and stable governance mechanism. MSP has an important role in the EUSAIR strategy, which offers an excellent opportunity for MSP-DSS to be widely used in this framework, under the guidance of the EUSAIR governance structure. MSP also has an important role in the EUSAIR Action Plan.  

Establishing a MSP working group at the Adriatic-Ionian basin level could be done through Pillars 1 or 3. The working group would consist of representatives of administrations responsible for MSP, representatives of the MSP expert group at the European Commission and experts, such as spatial planners. The working group would ensure the sharing of information and best practices, coordination between cross-border MSP projects, as well as the preparation of decisions regarding the execution of MSP in the basin. Subsequently it could be responsible for the coordination of the preparation process. Given that the EU Member States are required to prepare and adopt the MSP by 2021, the working group could also provide for the exchange of information and coordination of cross-border issues. In recognition of the complexity of the region it would be reasonable to establish sectoral advisory groups to provide input and participate in all phases of the MSP preparation. The structure could be administratively and technically supported by the aforementioned Facility Point, established to facilitate the EUSAIR coordination.
Considering the requirement for a transboundary governance framework, ideas could be taken from the development of the structures in other regions, such as the Coral Triangle Initiative which has developed an over-arching narrative and significantly engaged with businesses and stakeholders, or Wadden Sea World Heritage Site which has combined soft law with a well-defined and funded secretariat.
The Coral Triangle Initiative on Coral Reefs, Fisheries and Food Security (CTI-CFF) is a multilateral non-binding partnership between 6 countries (Campbell & Pet Soede, 2016). The area covers more than 1 million km2, with approximately 17.8% under some form of protection, and is subject to high levels of tourism, fishery, shipping and other industries. While there is a complex set of social, political and institutional organizations operating at multiple scales the CTI-CFF provides the organizing narrative and framework for these organizations at national, provincial and local levels. Through multi-stakeholder collaboration the initiative assists governments, the private sector and civil society with increased knowledge, capacity building and funding mechanisms. Under the CTI-CFF framework there have been improvements in the integration of MPA, fisheries and climate change strategies at national and sub-regional levels and an improved learning network for policy makers to integrate ocean conservation with sustainable development agendas. Key to this is to ensure that the positive outcomes that evolve at higher levels can be transferred to benefit lower level institutions and local communities. 
One of the successes of the CTI-CFF has been to engage with industries and stakeholders and to develop public-private partnerships to invest in the sustainable use of coastal and marine resources securing businesses and supporting coastal societies (Campbell & Pet Soede, 2016; p199). These partnerships are facilitated through regional business forums which have enabled communication and cooperation on a variety of topics including fishery and tourism. With engagement in policy development business leaders have adopted more responsible business practices engaging with the ‘blue economy’ of the CTI region (Campbell & Pet Soede, 2016).
The Wadden Sea World Heritage Site is a tidal marine wetland of 11,500 km2 shared between the Netherlands, Germany and Denmark (Enemark, 2016). Located in one of the most developed regions of the world it is subject to severe pressure from shipping, tourism and fishery. The Joint Declaration on the Protection of the Wadden Sea was signed in 1982 (refreshed in 2010) links political commitments with internationally binding instruments. The common management framework is defined by the Wadden Sea Plan, this not only applies to the area but also external issues such as pollution, offshore shipping and other disturbances. The Wadden Sea Area has been recognised as a PSSA in 2002 and was inscribed into the World Heritage List in 2009 (Enemark, 2016; p228).
The Common Wadden Sea Secretariat (CWSS) was formed in 1987 based on an administrative agreement signed by the relevant ministries of the three countries, the only legally binding agreement between the parties. The CWSS has a permanent staff giving it continuity. In addition to serving as a secretariat, it is mandated to make proposals for the implementation of legal instruments, report on activities impacting conservation and investigate the lack of implementation of agreements by the contracting parties. This mandate assigns the CWSS a central role in developing cooperation including acting as a conduit between researchers and policy makers. 
4.2 Stakeholder Participation
One fundamental aspect that many of projects have fallen short on is the integration of industry and stakeholder opinions. To develop effective MSP tools stakeholder engagement is crucial (Coleman et al., 2011). While Marxan was developed as conservation tool, and could therefore be perceived as a negative by industry, it has evolved. Marxan with zones and Zonation are only two potential tools that could be tested for their feasibility as a DSS-MSP in the AIR. 
While it is important to ensure sustainability and conservation agendas are in place, they must integrate with the other industries of the region, such as oil and gas, tourism, fishery and shipping. Bringing together an equitable and viable planning scheme for the region is beyond the remit of this project. Further developing a DSS-MSP in the region will require access to policy makers at all levels and industry stakeholders to develop the decision research process and involve them as partners in developing project objectives (see Chapter 2.2). The development of a project for an effective DSS-MSP would require a medium to long-term political and financial commitment. 

In addition to simply updating the suggested datasets, further development is proposed. In order to better understand the use-ecosystem conflicts an elaboration of effects that maritime traffic has on the ecosystems is called for. When considering closely also the use-use conflicts, interactions between maritime traffic and other human uses of the Adriatic Sea should be studied. 
Finally, in the management of marine transboundary regions successful initiatives tend to combine engagement with the ‘Blue Economy’, allow for meaningful engagement with communities, have clear governance arrangements and strong leadership (Mackelworth, 2016). The next section outlines a potential roadmap for moving forward with developing an effective DSS-MSP for the AIR. 

4.3 Roadmap
To capitalise on the spatial planning projects that have come before, SHAPE, AdriPLAN and Adriatic+, any new project must focus clearly on the issues identified about. There are examples where MSP has been applied within national waters to EU member states, Belgium and the Netherlands have planned their waters, 3,600km2 and 58,000km2, respectively. Bearing in mind that the Netherlands took over 2 years to develop their national MSP, planning the Adriatic Sea with multiple sectors, jurisdictions and states will be a long-term project. Considering the complexity of the region any new MSP project must consider 4 main issues:
1. Gap analysis
a. What information exists, is it available? How do we access that information?
b. Reaching out to stakeholders where industry information is available and seeking to access that data;
c. Considering the absence of socio-economic data, what cost data is available to aid decision making?

d. Ground-truthing data, how accurate is the ecological and socio-economic data?

2. Governance analysis

a. How do we engage policy makers in Integrated Knowledge Transfer to ensure research fulfil policy needs?

b. What is the role of the overarching structures? The Committee of the Regions, EUSAIR and EC structures? 

c. How will MSP policy develop merging macro-regional objectives with local actions?

d. What input will industry and other stakeholder have?

3. Single sector analysis

a. What is the structure and influences affecting the different sectors in the region?

b. Taking a single sector analysis at a macro-regional level analysis should consider how planning will affect the macro-region, national, sub-national region and local levels. 

c. Testing Marxan with zones and another planning tool such as Zonation, with duplicate materials to test which is fit for the purpose of the AIR.
4. Single jurisdiction analysis
a. What are the sectors affecting individual governance layers? 
b. Taking a selection of local, provincial and national level planning units how do the different sectors interaction within this PU?

c. Testing Marxan with zones and another planning tool such as Zonation, with duplicate materials to test which is fit for the purpose of each planning unit.
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� Marine or Maritime Spatial Planning will be interchangeable in this document and represented by the abbreviation MSP


� Decision Support System or Decision Support Tool will be interchangeable in this document and represented by the abbreviation DSS


� The status of IMO conventions can be checked at: � HYPERLINK "http://www.imo.org/en/About/Conventions/StatusOfConventions/" �http://www.imo.org/en/About/Conventions/StatusOfConventions/�
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