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Introduction 

In Text S1 we explain in detail our indicator selection. The selected indicators, including information about the data sources and the applied scaling transformations, are summarized in Table S1. All data, including the original data, the transformed ratio-scale indicators, and their aggregation to targets, are summarized in the Excel file S1 Data. 

Text S1. Explanation of Indicator Selection
For each of the targets associated with Sustainable Development Goal (SDG) 14 (14.1-14.7 and 14.a-14.b), we discuss the initial proposal of the UNSC at their 46th session. When appropriate, we summarize the insights and discussion of the consultative process led by the Inter Agency and Expert Group on SDG Indicators (IAEG-SDGs). Finally, we report the final indicator selection presented at the 47th session of the UNSC (UN 2016) and the tier classification by the UN Secretary. We furthermore provide a short discussion about the appropriateness of these indicators. From the eventually proposed 10 indicators, 8 were classified as Tier III (no established methodology exist and/or data is available). Accordingly, our indicator selection can be considered as an approximation of the original or desired indicator base, keeping in mind that there is no unequivocal scientific way for selecting indicators. In addition to scientific arguments, a comprehensive indicator selection requires a negotiation process between stakeholders to obtain actually relevant indicators (Radermacher 2005)—a requirement which cannot be satisfied by our indicator selection.  We still believe, however, that our indicator selection serves as a valuable illustration of how to assess the EU coastal sustainable development and, in particular, demonstrates the additional insights obtained by including complementary composite indicators to the indicator base. 
Target 14.1: By 2025, prevent and significantly reduce marine pollution of all kinds, in particular from land-based activities, including marine debris and nutrient pollution

UNSC proposed Indicator 14.1.1: Fertilizer consumption (kg/ha of arable land)

Managing nutrient pollution to prevent eutrophication is an important element of sustainable oceanic development (e.g., Selman et al. 2008, Visbeck et al. 2014). However, the proposed indicator has so far been discussed controversially in the open consulting forum. The indicator has been criticized for being a poor proxy for marine contamination, leaving out other sources of pollution arising from, for example, insufficient discharge treatment or oil spills and for focusing only on agricultural inputs (IAEG-SDGs 2015). Furthermore, monitoring fertilizer consumption as an indicator for sustainable ocean development obviously conflicts with other sustainability targets addressing food production and poverty reduction. Low levels of nutrient input in agriculture could actually indicate a situation of soil nutrient depletion and therefore of unsustainable agricultural practice. Accordingly, the stand-alone information provided by the indicator fertilizer consumption can only provide insights for assessing sustainable development if considered in relation to other indicators. The UN Statistical Commission proposed during the consultative process to include instead two other indicators, an Index of Coastal Eutrophication (ICEP) as a state indicator and Nitrogen Use Efficiency as a (composite) pressure indicator. In the final list of proposed SDG indicators only one headline indicator is considered for target 14.1., Index of coastal eutrophication and floating plastic debris density (UN 2016)—a composite (status) indicator of the two originally discussed indicators 14.1.1 and 14.1.2. The Secretary has ranked the indicator as Tier III because currently no methodology exists, a data definition is not yet included in the metadata compilation, and data coverage is not yet available (IAEG-SDGs 2016c).

The EU Marine Strategy Framework Directive (enforced 2008 and transposed into national legislation by 2010) includes 11 descriptors (i.e., a composite assessment of several indicators) to measure the environmental status of the European maritime regions and one descriptor addressing the issue of eutrophication. The latter one is based on 8 indicators (such as, for instance, the concentration of nutrients in the water column) and several of these indicators are already evaluated within the regional sea protocols (OSPAR and HELCOM). However, only a small set of countries can provide such detailed measures of the regional sea conditions (with respect to nutrient pollution), hampering the international comparison of sustainable development. Furthermore, a pressure indicator like fertilizer consumption is more closely connected to actual policy measures (in comparison to such state indicators) and one could argue that it is more appropriate in measuring efforts for sustainable development.

Eurostat provides also information about Gross Nutrients Balance (kg/ha of Agricultural Land) for nitrogen (N) and phosphorus (P). Nutrient input is measured in relation to nutrient output, taking into account the input from fertilizers, non-agricultural emissions, biological nitrogen fixation, seed and plant material along with feedstuff from domestic production and from imports. In line with the German indicator report for sustainable development, we choose the Gross N Balance as our first indicator, reflecting marine nutrient pollution. In contrast, we believe that the Gross P Balance is not a useful indicator. It indicates double-digit positive figures only for the countries Cyprus, Croatia and Malta (max. value of 33 kg P/ha for Croatia in 2012) while all other countries have a close to zero or even negative P balance. In contrast, the gross N balance shows significant positive figures for all maritime EU countries except Latvia and Lithuania.
UNSC proposed Indicator 14.1.2: Plastic materials entering the ocean from all sources (metric tons/year)

Increasing amounts of plastic waste entering the marine environment are a major threat for sustainable ocean development because of their persistence and negative impacts on the marine ecosystems (e.g., Thompson et al. 2009). Accordingly, the underlying subject is considered to be highly relevant in the open consulting forum. It is suggested, however, to focus stronger on marine debris and beach litter density (IAEG-SDGs 2015). The UN Statistical Commission proposes Floating Plastic Debris as a new indicator, using (model) data from the Transboundary Water Assessment Programme. Again, such a state indicator is less closely connected to actual policy measures, complicating the monitoring of progress in controlling marine debris. Accordingly, the UN Statistical Commission recognized during the consultative process that additional indicators might be suitable to measure what member states are actually doing to achieve this target. As explained above, the final list of proposed SDG indicators includes a composite status indicator for 14.1.1 and 14.1.2 (Index of coastal eutrophication and floating plastic debris density).  
Jambeck et al. (2015) provide estimates for the mass of land-based plastic waste entering the ocean and show that the quality of waste management is an important indicator in determining the amount of uncaptured (plastic) waste available to become plastic marine debris. For our illustrative investigation of sustainable oceanic development in the EU we choose two indicators (2.a and 2.b), Plastic Waste Generation (per Capita) and Recovery Rate of Plastic Packaging, to assess marine plastic pollution. 
Target 14.2: By 2020, sustainably manage and protect marine and coastal ecosystems to avoid significant adverse impacts, including by strengthening their resilience, and take action for their restoration in order to achieve healthy and productive oceans

UNSC proposed Indicator 14.2.1: Percentage of coastline with formulated and adopted ICM/MSP plans

Integrated coastal management (ICM), also referred to as integrated coastal zone management (ICZM), is the recommended approach for sustainable development and resource use of coastal areas. In the open consulting forum, the proposed indicator has been criticized for not being properly defined and it is suggested that the indicator should be combined with the indicator on marine protected areas under 14.5 (IAEG-SDGs 2015). The UN International Strategy for Disaster Risk Reduction suggests using indicators on the number of deaths and missing people and on direct economic losses due to hazardous events. The UN Statistical Commission proposed during the consultative process to use the Percentage of National EEZ Managed Using Ecosystem-Based Approaches which entered also the final list of proposed indicators (Proportion of national exclusive economic zones managed using ecosystem-based approaches) (UN 2016). The Secretary has ranked the indicator as Tier III because even though a methodology exists, it has not been tested, data definition is not yet included in the metadata compilation, and data coverage is not yet available (IAEG-SDGs 2016c).

The EU Maritime Spatial Planning (MSP) directive came into force in September 2014. EU countries are required to transpose the directive into national legislation with the aim that the implementation of MSP in their jurisdictional waters is achieved by 2021 (European Commission 2015). Currently, there are five initiatives listed for the implementation of MSP (Plan Bothnia, Preparatory Action on Maritime Spatial Planning in the Baltic Sea; BaltSeaPlan, Baltic Sea Region Programme project—Introducing Maritime Spatial Planning in the Baltic Sea; MASPNOSE, Preparatory Action on Maritime Spatial Planning in the North Sea; TPEA, Transboundary Planning in the European Atlantic—Project on Maritime Spatial Planning in the Atlantic including the Celtic Sea and Bay of Biscay; and ADRIPLAN, Adriatic Ionian maritime spatial planning). Even though there will be some difference regarding the transposition of the directive into national legislation across countries, the overall variation in this goal would be rather low and for our illustrative investigation we do not consider an indicator on formulated and adopted ICM/MSP plans for our illustrative investigation of sustainable oceanic development in the EU. As discussed in Section 2.2, the decision to leave out an indicator has implications for the weighting scheme—giving more weight to the remaining indicators. 
UNSC proposed Indicator 14.2.2: Ocean Health Index (OHI)

The OHI is a composite indicator which covers not only aspects related to target 14.2 but aims at measuring overall ocean health, including also the social and economic dimension. The proposed indicator is criticized in the open consulting forum for being difficult to interpret and not necessarily suitable for measuring environmental progress. The UN Statistical Commission did not consider this indicator any longer in its current proposal as part of the consultative process and has not included it in its final list of proposed indicators (UN 2016).  

The OHI is calculated at the regional and global level by taking the weighted arithmetical average score of 10 ocean-related societal goals (Halpern et al. 2012, 2015). The ten ocean-related societal goals of the ocean health index are 1) Artisanal Fishing Opportunities, 2) Biodiversity (Species and Habitats), 3) Coastal Protection, 4) Carbon Storage, 5) Clean Waters, 6) Food Provision (Wild Caught Fisheries and Mariculture), 7) Coastal Livelihoods & Economics (Livelihoods and Economics), 8) Natural Products, 9) Sense of Place (Iconic Species and Lasting Special Places), and 10) Tourism & Recreation (Halpern et al. 2012, 2015). Certain goals are aggregates of subgoals indicated by the terms in the parenthesis above. The goals and subgoals reflect not only the present but also the future state, the latter being derived from the assessment of the pressures on, and the resilience of, the specific goal. Consequently, not only the comparison of the OHI over time but also its value at a single point in time provides information on the sustainability of the human-ocean system. The OHI was first released in 2012 and is updated annually, currently providing information on ocean health until 2015 (www.oceanhealthindex.org). As mentioned before, it should only be used with caution to identify sustainable oceanic development as the applied aggregation method assumes unlimited substitution potential and, thus, satisfies only a concept of weak sustainability (Rickels et al. 2014, Visbeck et al. 2014). 

The OHI aims at capturing all aspects of ocean health. Theoretically, the indicator is more appropriate for assessing overall progress against Goal 14 than providing information about a single target. Including the OHI as an individual indicator does also assign more weight to those parts of ocean health which are covered by other indicators for Goal 14. 

Since Target 14.2 is frequently criticized as being too broad, vague and therefore meaningless for guiding sustainable development (Brandi 2015), we neglect both indicators (14.2.1 and 14.2.2) in our illustrative investigation of oceanic sustainable development in the EU. However, as several goals of the OHI cover aspects of ocean health which are not yet properly reflected in official statistics, we follow the recommendation of Brandi (2015) and use individual goals of the OHI as indicators for other targets (see below).
Target 14.3: Minimize and address the impacts of ocean acidification, including through enhanced scientific cooperation at all levels
UNSC proposed Indicator 14.3.1: Average marine acidity (pH) measured at agreed suite of representative sampling stations

Ocean acidification provides a serious risk for sustainable ocean development because in combination with increased heat stress lower pH values may pose a serious threat to the abundance, health, physiology, and biochemical properties of marine species (e.g., Doney et al. 2009, Visbeck et al. 2014). The proposed indicator is criticized in the open consulting forum for not measuring impacts of ocean acidification nor actions to minimize and address the impacts (IAEG-SDGs 2015). Furthermore, it is suggested that additional indicators are required to measure scientific cooperation. Accordingly, the UN Statistical Commission proposed during the consultative process to use Carbonate Chemistry Parameters, Growth in Scientific Acidification Cooperation, and Loss of Marine Biodiversity Caused by Ocean Acidification as indicators for ocean acidification. The UNSC decided to include Average marine acidity (pH) measured at agreed suite of representative sampling stations as headline indicator for target 14.3, not considering any longer an indicator for coral coverage (discussed below). The Secretary has ranked the indicator as Tier III because even though a methodology exists, it has not been tested, data definition is not yet included in the metadata compilation, and data coverage is not yet available (IAEG-SDGs 2016c).
State indicators on Average Marine Acidity or on Carbonate Chemistry Parameters are in so far meaningful as they provide information about the progress of anthropogenic carbon accumulation in natural reservoirs like the indicator Atmospheric Carbon Concentration does. However, the level of marine acidity is determined by the rate of global carbon emissions (at least as long local alkalinity management measured are not considered). For that reason, we consider as a third indicator the Carbon Emissions (per Capita) as a pressure indicator which can actually be influenced by a country. Obviously, the information on carbon emissions are already part of indicators proposed for Goal 13 (Take urgent action to combat climate change and its impacts). Consequently, considering this information for Goal 14 again increases the overall weight attached to this indicator which needs to be accounted for in the overall assessment. 
UNSC proposed Indicator 14.3.2: Coral coverage

Coral reefs are essential for marine ecosystems and livelihoods, in particular in the developing word (Hughes et al. 2012, Laurans et al. 2013, Bridge et al. 2013). Recent estimates indicate that more than 60 percent of global reefs are seriously threatened (e.g., Burke et al. 2011). The proposed indicator is criticized for being too narrow (ocean acidification affects also other marine resources), not sufficiently related to ocean acidification (coral degradation is also influenced other pressures) and being too region-specific (IAEG-SGDs 2015). The UN Statistical Commission suggested using Loss of Marine Biodiversity Caused by Ocean Acidification as an indicator during the consultative process, replacing the indicator Coral Coverage, however, did not include this indicator into the final set (UN 2016). 
Coral coverage does not seem to be an appropriate indicator because neither the health status of the coral reefs is reflected nor are main local pressures like coastal development or destructive fishing represented. While information related to unsustainable fishing are already captured by indicators proposed for other targets, information related to destructive fishing in combination with marine protected areas might serve as an better indicator to reduce local pressure on coral reefs. 

For the case of the EU, this or other indicators related to local pressure on coral reef health are not considered because Europe simply does not have coral reefs. Nevertheless, ocean acidification might influence other natural products from the sea. Ocean acidification is included as pressure in the calculation of several goals of the OHI, affecting for example 3 of 6 subgroups in the goal Natural Products. For that reason we include the goal score Natural Product from the OHI as a fourth indicator, measuring impacts of ocean acidification.

Target 14.4: By 2020, effectively regulate harvesting and end overfishing, illegal, unreported and unregulated fishing and destructive fishing practices and implement science-based management plans, in order to restore fish stocks in the shortest time feasible, at least to levels that can produce maximum sustainable yield as determined by their biological characteristics

UNSC proposed Indicator 14.4.1: Fish species, threatened

A fish species could be threatened directly by fishing activity, either directly as a target species, being a by-catch species, or through destructive fishing practice. Furthermore, it could be threatened due to habitat alteration (for example by direct destruction or indirectly by climate change). Thus, the proposed indicator does not really capture pressures related to sustainable harvesting, but provides state information in relation to marine biodiversity (similar to the Living Planet Index (Nicholson et al. 2012)). The open consulting forum suggested to focus more on biologically sustainable levels and to consider additional information on by-catch of, for instance, sea turtles, sea mammals, or sea birds (IEAG-SDGs 2015). The UN Statistical Commission does not any longer include this indicator in its proposal and includes instead Proportion of fish stocks within biologically sustainable levels has headline status indicator for target 14.4.1 (see below). However, data on fish stocks within biologically sustainable limits is not expected to be available for all fish stocks in all regions. For that reason we include Number of Fish Species Threatened as our fifth indicator.

UNSC proposed Indicator 14.4.2: Proportion of fish stocks within biologically sustainable limits

The wealth contribution of fisheries goes beyond generating employment and cash income by also providing an essential nutrient source for people in particular developing countries (Dulvy and Allison 2009, Bell et al. 2009, Allison 2011, Hall et al. 2013). Regarding the different dimensions of sustainable development and acknowledging the roots of the SDGs in the MDGs the sustainable management of fish stocks appears to be an essential element for the SDG framework. Accordingly, the indicator received a lot of attention in the open consulting forum (IAEG-SDGs 2015). For example, it has been suggested that the proposed indicator could serve as a headline indicator for SDG 14. However, it has been criticized that the term biological sustainable limit is not sufficient specific or well established (i.e., in comparison to maximum sustainable yield) and as alternative proportion of population of fish stocks at or above biomass levels capable of producing maximum sustainable yield has been suggested. Furthermore, it has been discussed whether additional indicators more related to pressure than to the state like fish mortality would be more appropriate. Such indicators could be supplemented with further indicators about fishing intensity, using for example fishing intensity maps (IAEG-SDGs 2015). Nevertheless, the UNSC included Proportion of fish stocks within biologically sustainable levels in its final proposal for indicators as headline indicator for target 14.4. The Secretary has ranked the indicator as Tier I because an established, tested, and agreed methodology exists and data is included in the metadata compilation (IAEG-SDGs 2016c).

However, the proportion of fish stocks within biologically sustainable limits imposes several practical challenges for indicator design. Irrespective of the issue that it is difficult to agree about biologically sustainable limits for all fish stocks, conceptual problems arise from the fact that countries obviously share fish stock. Furthermore, how would one assess a situation where all fish stocks are slightly below the biological sustainable limit in comparison to a situation where some fish stocks are above the limit but other fish stocks distinctly fall below it? For that reason we use as a sixth (state) indicator Biomass Reference Point BMSY provided by ICES (2015) in relation to MSY, weighted by the catch of a given country. It should be mentioned that such a reference point is not provided for every stock and where absent, we took the available reference points (e.g. biomass at precautionary level, BPA). The pressure indicator Fish Mortality will be used for indicator 14.b.2 below (Percent of Global Fish Catch from Sustainable Managed Fisheries).
Target 14.5: By 2020, conserve at least 10 percent of coastal and marine areas, consistent with national and international law and based on the best available scientific information

UNSC proposed Indicator 14.5.1: Percentage area of each country's EEZ in MPA; Percentage area of ABNJ in MPA; Percentage area of global ocean under MPA

MPAs serve the purpose to improve stock resilience by creating areas where commercial fishing is prohibited and for example new generation of juveniles are allowed to replenish the resource (e.g., Sumaila et la. 2010). The open consulting forum noted that the proposed indicator requires either a better distinction or should be formulated in combination with indicator 14.2.1 (IAEG-SDGs 2015). The UNSC included as final headline indicator Coverage of protected areas in relation to marine areas for target 14.5 (UN 2016). The Secretary has ranked the indicator as Tier I because an established and tested methodology exists and data coverage is given (IAEG-SDGs 2016c). 
The socio-economic benefits of MPAs might not only be derived from the cumulative area of MPAs in the coastal and marine area. Edgar et al. (2014) show “that the conservation benefits of 87 MPAs investigated worldwide increase exponentially with the accumulation of five key features: no take, well enforced, old (>10 years), large (>100km2), and isolated by deep water or sand (p. 216).” Nevertheless, in combination with other indicators related, for example, to governance, the proposed indicator appears to be meaningful for assessing conservation of coastal and marine areas. Both Brandi (2015) and Fulton et al. (2015) consider this target meaningful for sustainable development, in particular with respect to the conservation and protection of biodiversity. Furthermore, they suggest a target value of 30 percent. Protecting biodiversity in the European Union is governed by Natura 2000, an ecological network of protected areas.

The currently proposed indicator set actually includes 3 indicators, namely the area of MPAs in a country’s EEZ, in ABNJ, and in global oceans. For our illustrative investigation of sustainable oceanic development and inter-country comparison in the EU, we choose Percentage Area of Each Country’s EEZ in MPA as a seventh indicator.

UNSC proposed Indicator 14.5.2: Coverage of protected areas

The indicator might aim at particular areas for protection, for example catchment area of rivers, however this is not further specified. This is also criticized in the open consulting forum (IAEG-SDGs 2015). Furthermore, it is suggested to include further aspects measuring the quality of protecting (e.g., include information about management plans or distinguish between types of protected areas). As mentioned above, the UNSC included as final headline indicator Coverage of protected areas in relation to marine areas for target 14.5 (UN 2016).
With respect to EU coastal states, Natura 2000 distinguishes between special protected areas (SPA) and site of community interest (SCI), however, this distinction is not exclusive (i.e., SPAs and SCIs overlap) and is among other reasons a result of the different procurement procedure. Consequently, we do not distinguish further between the MPA areas in the countries of investigation, but regarding the importance of biodiversity for ocean health we include Biodiversity provided by the OHI as eighth indicator. 

Target 14.6: By 2020, prohibit certain forms of fisheries subsidies which contribute to overcapacity and overfishing, eliminate subsidies that contribute to illegal, unreported and unregulated fishing and refrain from introducing new such subsidies, recognizing that appropriate and effective special and differential treatment for developing and least developed countries should be an integral part of the World Trade Organization fisheries subsidies negotiation

UNSC proposed Indicator 14.6.1: Dollar value of negative fishery subsidies against 2015 baseline

Profit increasing subsidies (i.e., enhancing revenues and/or reducing fishing costs) result in increasing fishing effort and an overcapitalization of global fisheries and are considered therefore to be one of the main reasons for the ongoing depletion of world fish stocks (Hatcher and Robinson 1999; Munro and Sumaila 2002). However, not all subsidies are considered to be negative in the sense that they contribute to the depletion of fish stocks, because certain subsidies can actually contribute to fishery resource conservation and management (e.g., Milazzo 1998). The open consulting forum emphasized that it is difficult to define harmful subsidies and suggested that indicator formulation should be in line with WTO rules and should focus on capacity enhancing subsidies. The UN Statistical Commission did not consider this indicator any longer in during the consultative process and has not included it in its list of final proposed indicators. 
The distinction between positive (beneficial) and negative (capacity-enhancing) subsidies is not straightforward. Therefore, Sumaila et al. (2010) also considers ambiguous subsidies where the effect on fish stock conservation is not obvious. Such subsidies are, for example, controversial fisher assistance programs, vessel buyback programs or rural fisher community development programs which can result, depending on the specific situation and design, in either investment or disinvestment in the fishery resource (Sumaila et al. 2010).

The OECD Agricultural Statistics provide information on government financial transfers to the fishery sector. They provide information on direct payments, cost reducing transfers, general services, and cost recovery chargers. However, the data quality for the different categories is already poor on the EU level. We use Government Financial Transfers to Marine Capture Fisheries Relative to Gross Value Added as our ninth indicator, assessing fisheries subsidies. 

UNSC proposed Indicator 14.6.2: Legal framework or tax/trade mechanisms prohibiting certain forms of fisheries subsidies

Like mentioned above, profit and capacity increasing fisheries subsidies are considered to be one of the main reasons for the ongoing depletion of world fish stocks. However, in the open consulting forum the proposed indicator was not considered to be useful because it is difficult to monitor, furthermore countries are expected to establish substitute subsidies (IAEG-SDGs 2015). The UN Statistical Commission proposed to use Progress by Countries in the Implementation of International Instruments Aiming to Combat IUU Fishing as indicator which made it in the formulation Progress by countries in the degree of implementation of international instruments aiming to combat illegal, unreported and unregulated fishing to the list of finally proposed indicators (UN 2016). The Secretary has ranked the indicator as Tier III because even though a methodology exists, it has not been tested; data is included in the metadata compilation (IAEG-SDGs 2016c).
The design of resource-specific institutions and regulation is considered to be an essential element for managing free-access marine resources (e.g., Ostrom 1990). To measure how well fishery regulations are enforced in the EU, we use Landings Exceeding Total Allowed Catch (in metric tons) as our tenth indicator, measuring how well legal frameworks exist and are enforced to comply with TAC.  

Target 14.7: By 2030, increase the economic benefits to Small Island developing States and least developed countries from the sustainable use of marine resources, including through sustainable management of fisheries, aquaculture and tourism

UNSC proposed Indicator 14.7.1: Fisheries as a % of GDP

Estimates for the value provided by the ocean-based economy range from 0 to 5 percent of GDP for developed countries. In several developing countries, however, this share can increase to approximately 10 percent (Kildow and McIIgorm 2010, Scholtens and Badjeck 2010, Allison 2011). The proposed indicator has received much attention in the open consulting forum. It has been criticized that the indicator does not account for sustainability because increasing shares of GDP could be accompanied with less well maintained fish stocks; furthermore, it could also be a sign for fewer development in other sectors (IEAG-SDGs 2015). Consequently, it is suggested to relate the information to some kind of sustainability measure (e.g., revenues generated from fish stocks within maximum sustainable yield) (IEAG-SDGs 2015). Furthermore, it is discussed to consider not only revenues from fisheries, but also from aquaculture and tourism. The UN Statistical Commission proposed during the consultative process to use Revenues and ecosystem services derived from sustainable fisheries, aquaculture, tourism and other coastal and marine resources uses as indicator—including as final indicator Sustainable fisheries as a percentage of GDP in small island developing States, least developed countries and all countries (UN 2016). The Secretary has ranked the indicator as Tier III because even though a methodology exists, it has not been tested, it has not been tested, data definition is not yet included in the metadata compilation, and data coverage is not yet available (IAEG-SDGs 2016c).

The discussion shows very well that assessing sustainable development can benefit from composite indicators. Sustainable development also involves the economic dimension. Improving several other indicators could a potentially result in negative effect on the economic benefits (e.g., from increasing the size of MPAs, stronger regulation of fisheries, reduction of subsidies). For that reason improvements of those indicators should be assessed against changes in this indicator. In fact, the suggested indicators by the UN Statistical Commission are composite indicators.

Despite the particular focus on Small Island developing States and least developed countries, we also include information about this dimension in our illustrative investigation of sustainable oceanic development in the EU and use Coastal Livelihoods & Economics from the OHI as the eleventh indicator.

UNSC proposed Indicator 14.7.2: Level of revenue generated from sustainable use of marine resources

As discussed for the previous indicator, comprehensive assessment of ocean sustainability requires including not only indicators on the ecological dimension but also indicators to measure the socio-economic benefits obtained from a sustainable use of the ocean. The proposed indicator has been criticized for being too unspecific in the open consulting forum (IAEG-SDGs 2015). The UN Statistical Commission proposed to use Productivity of aquaculture in utilizing natural resources (land, water and wild stock), however, the indicator is not included in the final list of proposed indicators (UN 2016). 
While for small developing island states measures on the sustainable use of aquaculture appear to be suitable, we focus on another dimension of marine resources for the EU, namely sustainable tourism and recreation. Accordingly, we use Tourism & Recreation from the OHI as our twelfth indicator. 

Target 14.a: Increase scientific knowledge, develop research capacity and transfer marine technology, taking into account the Intergovernmental Oceanographic Commission Criteria and Guidelines on the Transfer of Marine Technology, in order to improve ocean health and to enhance the contribution of marine biodiversity to the development of developing countries, in particular small island developing States and least developed countries

UNSC proposed Indicator 14.a.1: Number of researchers working in this area

UNSC proposed Indicator 14.a.2: Budget allocated to research in the field of marine technology

Increasing scientific knowledge of ocean health and incorporating scientific insights into policy design is an essential element of sustainable oceanic development (Brandi 2015). However, despite being essential, the formulation of the target is rather broad and does not allow deriving specific activities (Fulton et al. 2014). The proposed indicator has been criticized for being too specific and only applicable for a certain set of countries (IAEG-SDGs 2015). Furthermore, it has been criticized that the number of research indicates is only a poor proxy for the volume of marine knowledge and the transfer of knowledge and technology (IAEG-SDGs 2015). The UN Statistical Commission proposed to use % of GDP invested in ocean research, Growth in ocean science capacity, technology and knowledge, as well as cooperation between countries and regions, and Budget allocation to research in the field of sustainable marine technology as a percentage of all research in field of marine technology as alternative indicators. However, the originally proposed indicator Proportion of total research budget allocated to research in the field of marine technology is included in the list of the finally proposed indicators (UN 2016). The Secretary has ranked the indicator as Tier III because even though a methodology exists, it has not been tested, data definition is not yet included in the metadata compilation, and data coverage is not yet available (IAEG-SDGs 2016c).
The target or potentially underlying indicators are already implicitly included in other targets as for example economic development in Small Island States/Least Developing Countries (Target 14.7) requires technological transfer. The two proposed indicators, number of researchers working in this area and budget allocated to research in the field of marine technology are only partly suited to measure progress in this dimension of sustainable oceanic development. First, the other non-oceanic SDGs certainly also requires improved scientific capacities for development. Consequently, indicators related to scientific capacities should probably be included in SDG 17: Strengthen the means of implementation and revitalize the global partnership for sustainable development where it is required that scientific capacities should grow in a balanced way. Second, neither the number of researchers nor the budget allocated indicates whether meaningful and sustainable research progress is achieved. 

To include information about whether scientific capacities, insights, and advice are part of policy design, we include two alternative indicators: Number of Marine Monitoring Stations relative to EEZ (13th indicator) and TAC Exceedance of Scientific Advise (in metric tons) (14th indicator). The first serves as a proxy for scientific capacities to monitor the status of marine waters, the second serves as a proxy in how scientific findings and recommendations are considered in policy making. 

Target 14.b: Provide access for small-scale artisanal fishers to marine resources and markets

UNSC proposed Indicator 14.b.1: By 2030, X% of small scale fisheries certified as sustainable; Y% increase in market access for small scale fisheries

UNSC proposed Indicator 14.b.2: By 2030, increase by X% the proportion of global fish catch from sustainably managed small scale fisheries 

In addition to economic development, artisanal fishing provides services like maintaining a minimum standard of living and providing some kind of safety-net and vulnerability reduction mechanism (Béné et al. 2010). The proposed indicator received much attention in the open consulting forum, in particular with respect to the definition of small-scale fisheries. It has been suggested to provide further information (at the specific regional level) on which activities and operators are to be considered as small-scale and vulnerable (IEAG-SDGs 2015). It has also been suggested to related capture made by small-scale fisheries to the total catch and to include information on whether fishers are part of a traceability plan (IEAG-SDGs 2015). Furthermore, it has been discussed in how far indicators on loans for sustainable fisheries or private sector investment in sustainable fisheries could provide information for a meaningful indicator (IEAG-SDGs 2015). The UN Statistical Commission suggested Progress by countries in adopting and implementing a legal/regulatory/policy/institutional framework which recognizes and protects access rights for small-scale fisheries and Percentage of catches that are subject to a catch documentation scheme or similar traceability system as a percentage of the total catches that are less than x tons and traded in major markets as revised indicators. The first of these revised indicators (Progress by countries in the degree of application of a legal/regulatory/policy/institutional framework which recognizes and protects access rights for small-scale fisheries) is included as headline indicator in the finally suggested indicator set for target 14.b. The Secretary has ranked the indicator as Tier III because even though a methodology exists, it has not been tested; data definition is included in the metadata compilation, data coverage is not yet available (IAEG-SDGs 2016c). 

136 of 144 maritime countries engage in small-scale or artisanal fishing, employing more than 90 percent of the 35 million fishers worldwide and proving about 90 million additional jobs in associated sectors like fish processing, distribution and marketing (Halpern et al. 2012, Teh and Sumaila 2013). However, the global estimates do not capture the seasonal and transient nature of the employment in small-scale fisheries (The and Sumaila 2013). Barnes-Mauthe et al. (2013) show for example that in certain regions of Madagascar about 87 percent of the adult population work full- or part time in the small-scale fishery sector. Such field studies highlight the importance of artisanal fishing for local economics by providing cash income and absorbing rural surplus labor, however, the growth-linkages and poverty prevention effects have neither been properly quantified nor considered in in development policies (Bene et al. 2010, Allison 2011). Acknowledging the poverty prevention and therefore welfare effect would suggest putting more weight to inclusive management systems to support people’s occupational and temporal mobility and to find a better balance with wealth-based approaches which seek to increase the rents from fishing to stipulate poverty reduction but also exclude people form the fishery (Bene et al. 2010). 

Clearly, the indicator aims in particular at Small Island States and (Least) Developing Countries and is of less relevance for the EU marine countries. Nevertheless, for our illustrative investigation of sustainable oceanic development we include Artisanal Fishing Opportunities from the OHI as the 15th indicator in our investigation. In addition to acknowledging the role of small-scale fisheries for development and poverty prevention, the target also aims at increasing the share of sustainable fisheries. However, sustainable fishing practices and management should not be restricted to small-scale fisheries. For that reason, we include Fishing Mortality (FMSY), measured in relation to the fishing mortality rate which generates maximum sustainable yield, for all commercial fish stocks (ICES 2015). Note that, in contrast to the state indicator Biomass Reference Point BMSY (sixth indicator, used for target 14.4), this indicator is a pressure indicator.
Target 14.c: Ensure the full implementation of international law, as reflected in the United Nations Convention on the Law of the Sea for States parties thereto, including, where applicable, existing regional and international regimes for the conservation and sustainable use of oceans and their resources by their parties

UNSC proposed Indicator 14.c.1: Adoption of a legal framework and number of associated court cases

UNSC proposed Indicator 14.c.2: Number of countries implementing either legally or programmatically the provisions set out in regional seas protocols

The United Nations Convention on the Law of the Sea (UNCLOS) does not cover several areas related to ocean health like overfishing, climate change, or activities in polar waters—nevertheless, taking into account that it has been negotiated such a long time ago it deserves credit for its comprehensiveness and integrative character (Visbeck et al. 2014b). The proposed indicators have not yet receive much attention in the open consulting forum (IAEG-SDGs 2015). The UN Statistical Commission proposed Number of countries implementing either legally or programmatically the provisions set out in Regional Seas protocols and ratification and implementation of the ILO Maritime and Fisheries Conventions, Progress by countries in [level/degree of] implementation of provisions of the Code of Conduct for Responsible Fisheries (CCRF) and associated guidelines and plans, as reported in the biannual CCRF questionnaire surveys, and Number of countries ratifying/implementing IMO environmental conventions, e.g., MARPOL, the London Convention/Protocol, and the Ballast Water Management Convention as revised indicators during the consultative process. The first indicator has entered in a slightly different formulation the final set of indicators (Number of countries making progress in ratifying, accepting and implementing through legal, policy and institutional frameworks, ocean-related instruments that implement international law, as reflected in the United Nation Convention on the Law of the Sea, for the conservation and sustainable use of the oceans and their resources) (UN 2016). The Secretary has ranked the indicator as Tier III because no methodology exists, data coverage is however available (IAEG-SDGs 2016c). 

As already discussed in the context of MPAs, measuring actions like designating protected areas or signing regional sea protocols are by themselves not necessarily provide good information on successful ocean governance as further aspect of for example enforcement have also to be monitored (e.g., Edgar et al. 2014). Nevertheless, the act of signing regional and international sea protocols usually implies that some capacities and legal expertise is available regarding the aspects covered. For our investigation of sustainable oceanic development in the EU we do not consider the participation in regional sea protocols, because HELCOM, OSPAR, the Barcelona and Bucharest Convention have full coverage of the relevant EU marine countries considered. We choose instead the Participation Rate in International Sea Protocols as the 17th indicator for our illustrative assessment of sustainable oceanic development in the EU. The sea protocols considered are the marine environmental agreements include the Convention of Biological Diversity, the Convention on the International Trade in Endangered Species of Wild Flora and Fauna, the Convention on the Control of Transboundary Movements of Hazardous Wastes and their Disposal, the United Nations Convention on the Law of the Sea, the Convention on the Prevention of Marine Pollution by Dumping Wastes and Other Matter, the International Convention for the Prevention of Pollution from Ships, the International Convention for the Regulation of Whaling, and the Convention on Fishing and Conservation of the Living Resources of the High Seas.

Table S1. Selected Indicators for the Assessment of Sustainable Oceanic Development of EU Coastal States - Description, Sources, and Transformations 

	Indicator
	Detailed Description
	Source
	Period
	Reference Value

	1 Gross N Balance
	Gross Nitrogen Balance per hectare UAA (kg of nutrient per ha)
	Eurostat
	2004—2012 (annual)
	Max from 2004 until 2012 from all countries

	2.a Plastic Waste Generation
	Annual Plastic Waste generation (industrial and household) in kg/head
	Eurostat
	2004—2012 (biannual)
	Max from 2004 until 2012 from all countries

	2.b Recovery Rate of Plastic Packaging
	Plastic packaging waste recovery / Plastic packaging waste generated
	Eurostat
	2003—2012 (annual)
	Dimensionless, ratio-scale 

	3 Carbon emissions
	CO2 kg/capita
	Eurostat
	2004—2012 (annual)
	Max from 2004 until 2012 from all countries

	4 Natural product
	
	OHI
	2012-2014 (annual)
	Dimensionless, ratio-scale

	5 Number of fish species threatened
	Threatened fish species in each country (totals by taxonomic group)
	IUCN (2015)
	2014
	Number of species in the EU

	6 Fish stock biomass above BMSY
	The reference BMSY is spawning stock biomass not total biomass
	ICES
	2012
	Current SSB above or below BMSY

	7 Percentage area of each country’s EEZ in MPA
	Natura 2000
	2014
	30 percent

	8 Biodiversity
	
	OHI
	2012-2014 (annual)
	Dimensionless, ratio-scale

	9 Government financial transfers to Marine Capture Fisheries relative to Gross Value Added
	OECD, Eurostat
	2006-2013 (annual)
	Dimensionless, ratio-scale

	10 Landings exceeding Total Allowable Catch
	Excess Landing over total catch relative to TAC (in tons)
	ICES
	2000 – 2013 (annual)
	Deviation from 100

	11 Coastal Livelihoods & Economics
	
	OHI
	2012-2014
	Dimensionless, ratio-scale

	12 Tourism and Recreation
	
	OHI
	2012-2014
	Dimensionless, ratio-scale

	13 Number of Marine Monitoring Stations relative to EEZ
	ICES/ EIONET/ EEA
	2012
	Average of stations 

	14 TAC Exceedance of Scientific Advise
	
	ICES
	2000-2013 (annual)
	Deviation from 100

	15 Artisanal Fishing Opportunities
	
	OHI
	2012-2014 (annual)
	Dimensionless, ratio-scale

	16 Fish mortality (FMSY)
	Fishing pressure indicator 
	ICES
	2012
	Current F value above or below FMSY

	17 Participation rate in International Marine Agreements 
	
	Wolfram Alpha
	2014
	Number of Agreements 


Table S1. Selected Indicators for the Assessment of Sustainable Oceanic Development of EU Coastal States - Description, Sources, and Transformations 
Data Set S1. Raw Indicator Data, Transformed Indicator Data, Aggregated Target Data (ds01.xlsx). 
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