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The supplementary information includes a detailed description of the indicator selection and transformation

and a .zip file with the raw data, the code used for the analysis, and the output data.

S1 Indicator Selection and Transformation

In the following, we discuss, for the ten targets associated with SDG 14, our selection and transformation of

indicators.

S1.1 Target 14.1: By 2025, prevent and significantly reduce marine pollution of
all kinds, particularly from land-based activities, including marine debris

and nutrient pollution
Target 14.1a

Target 14.1 is supposed to be measured by two indicators: (a) Index of coastal eutrophication (ICEP),
and (b) plastic debris density. ICEP shall be reported every five years and is not yet available as part of
the official indicator set [United Nations, 2022, 2023d]. The UNSD currently assesses target 14.1.1a using
an indicator of chlorophyll-A deviation (compared to a 2000-2004 average baseline) [United Nations, 2022].
Chlorophyll-A is a good proxy for eutrophication, but the UNEP method, which identifies eutrophication
events when these differences exceed the global 90th percentile (P90) for specific months, may yield some
positive values due to natural variability in the system. Thus, we use an approach developed by Eurostat
that works with a 20-year (1998-2017) baseline and identifies eutrophication when P90 is exceeded in 25% of
the available observations in any given year Von Schuckmann et al. [2022] as provided in Eurostat. According

to Eurostat Metadata [Eurostat, 2023], this indicator is comparable to ICEP.

Since nitrogen and phosphorus are the main nutrients that cause eutrophication [Eurostat, 2019], we com-
plement ICEP by including gross nutrient balance per hectare to measure the contribution of each country
(pressure component) to eutrophication. The indicator shows the relation between inputs (e.g., fertilisers)

and outputs (e.g., harvested crops) of nitrogen and phosphorus to the agricultural soil.



Target 14.1b

The second indicator (b) plastic debris density (measured in terms of beach litter originating from national
land-based sources that end on the beach and in the ocean) is not available before 2015 or after 2021.
Moreover, the values are calculated using numerical models that present large uncertainties associated with
the amount and location of mismanaged plastic waste entering the ocean [United Nations Environment
Programme, 2021]. As stated by United Nations Environment Programme, plastic waste that ends up in the
ocean depends to a large extent on recycling rates. Therefore, we follow Rickels et al. and include plastic
waste generation per capita and recovery rate of plastic packaging as indicators to account for the contribution

of each country to plastic pollution. Data on this indicator are obtained from Eurostat, Eurostat.

Target 14.2: By 2020, sustainably manage and protect marine and coastal ecosys-
tems to avoid significant adverse impacts, including by strengthening their re-
silience, and take action for their restoration in order to achieve healthy and

productive oceans

Progress against target 14.2 is supposed to be measured by the indicator 14.2.1 Number of countries us-
ing ecosystem-based approaches to managing marine areas and aims to capture Integrated Coastal Zone
Management (ICZM) and other area-based, integrated planning and management in place in waters under
national jurisdiction [United Nations, 2023a]. Official data from UNStats is a binary variable (1 if a country
implements ecosystem-based approaches to manage marine areas) covering eight of the 15 countries in our

assessment. The first data collection cycle took place in 2021 and the next one will take place in 2025.

The Directive 2014/89/EU [2014], which establishes a framework for maritime spatial planning (MSP),
mandates that EU countries establish an MSP as soon as possible and at the latest by 31 March 2021. The
sooner a country establishes an MSP, the sooner it can start using ecosystem-based approaches to managing
marine areas. Following Andriamahefazafy et al. [2022], we use a level of achievement indicator to measure the
progress of countries towards implementing an MSP. We assess the level of implementation at each assessment
year and use a categorical scale (not started, in progress, complete not implemented, implemented) to score
countries. In this way, countries that implemented an MSP earlier score better overall. It is important to
note that transposing the MSP Directive into national legislation is not considered as having an MSP under
development. For example, Ireland transposed the MSP Directive into national legislation in 2016, but the
MSP development process started later. On the contrary, when Portugal transposed the MSP Directive into

national legislation in 2015, it also started developing the MSP by defining the regime of maritime spatial



planning instruments in the decree.

The United Nations Environment Programme [2021] recommends using a complementary indicator for target
14.2 that monitors ecological parameters and helps to reveal disturbances in ocean health that may have
been overlooked in the MSP and can then be addressed in future management and planning. We follow
this recommendation by including the Ocean Health Index (OHI) Habitat subgoal. This indicator measures
the average condition of the marine habitats present in each region that provide critical habitat for a wide
range of species (mangroves, coral reefs, seagrass beds, kelp forests, salt marshes, sea ice edge, tidal flats,
and subtidal soft bottom) [Halpern et al., 2012]. Other relevant ecological parameters, such as biodiversity

and water quality, are covered by other target indicators.

Target 14.3: Minimize and address the impacts of ocean acidification, including

through enhanced scientific cooperation at all levels

Progress against target 14.3 is supposed to be measured by indicator 14.5.1 Average marine acidity (pH)
measured at agreed suite of representative sampling stations. The Intergovernmental Oceanographic Com-
mission (IOC) is the organisation in charge of monitoring it, although data collection requires collaboration
with several organisations. National data sets from National Statistical Offices should be reported annually
(at least) [United Nations, 2023b]. Despite this, the official UNStats data covers only seven countries of
the 15 included in our assessment. Moreover, data derived from the coastal sites focused on “water quality
monitoring” that have been considered as ideal locations for monitoring ocean acidification provide evidence
of the enormous natural variability in pH and other carbon chemistry parameters [Lubchenco et al., 2023].
To overcome the missing data for this indicator and the disadvantages of coastal sample stations, we use
ensemble model data of pH provided by Chau et al. [2022] and Gregor and Gruber [2020]. The reconstructed
datasets are based on in-situ data from the SOCAT and GLODAP projects. The North Atlantic stands
out as a region with high data coverage and is the basin with the highest reconstruction skill Chau et al.
[2022]. The root mean square error of pH with respect to GLODAP is low (0.024) [Gregor and Gruber, 2020].
Therefore, we feel confident in using these data as an approximation of country-level ocean acidification. The
data uncertainty for the Baltic Sea is larger than for the Atlantic Ocean. Since the data from Chau et al.
[2022] presents an overall lower uncertainty level, we use these data for the calculation of the scores and use
[Gregor and Gruber, 2020] to corroborate the values. We use the gridded data from the esemble models and

clip it to the EEZ of each country to calculate the average pH by country at each assessment year.

Indicator 14.3.1 is a state indicator and does not allow one to track the contribution of an individual country

to ocean acidification. Lubchenco et al. [2023] recognise that it is critical to establish the links among
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Figure S1: Top panel shows the gridded annual average pH values in the exclusive economic zones of EU
coastal countries. Bottom panel shows the uncertainty values. Source: Chau et al. [2022]

acidification and other SDGs to connect policies that regulate CO2 emissions with local and national place-
based actions. In line with Rickels et al. [2019], we use pressure indicators related to carbon emissions and
select ‘CO, per capita’, which is calculated by applying the distance-to-target transformation to all data in

the assessment period (2012-2021).

Target 14.4: By 2020, effectively regulate harvesting and end overfishing, illegal,
unreported and unregulated fishing and destructive fishing practices and im-
plement 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

Target 14.4 is supposed to be measured using the indicator ‘Proportion of fish stocks within biologically
sustainable levels’. A sustainable level is defined as an abundance that “is estimated [...] to be equal to
or greater than the level that can produce the Maximum Sustainable Yield (MSY)” [United Nations, 2022].

The official UN database does not provide sufficient data for an assessment: data only available for 2017,

2018 and 2019, with one, nine, and one country covered, respectively.



We obtained data on 61 and 75 Fish Stocks covered by the ICES ecoregions to calculate two indicators:
8. Fusy/F and 9. B/Busy, respectively. In this regard, F represents the actual fishing mortality while
Fusy is the value of fishing mortality that would be consistent with achieving MSY [ICES, 2012]. Therefore,
values below 1 indicate that the current fishing mortality is higher than it should be according to the MSY
approach. Similarly, B is the current biomass level and Bygy is the biomass level that would be achieved
after fishing at Fyigy for a long time. Values below 1 indicate that the current biomass level is lower than
its sustainable level. If Fymgy (Bmsy) was not available, Fpa or Fiim (Bpa or Bim) were taken as proxy,

representing the precautionary and limit reference points, respectively.

After calculation, the indicators were cut off at a maximum of 1 and multiplied by 100 to allow a comparison

with non-ICES indicators.

Data were obtained from ICES. Importantly, these data are subject to great intertemporal variation. Data
for both indicators have changed retrospectively for 2012 and 2016 for a number of stocks (as can be seen
when comparing the data with Rickels et al.). To account for these changes, we include data from the most

recent stock assessment available.

Generally, ICES data was obtained at the fish-stock level. To assign these fish-stock level indicators to
countries, they were calculated as averages, taking catches by countries as weights. Since Fygy /F represents
the current fishing pressure, the catches of the respective assessment year were taken. To account for past
catches that may have led to today’s depletion of stock, we applied a moving average of the last seven years
when calculating B/Bygy. This is the maximum time interval given in the ICES database for official nominal
catches [ICES, 2023b] (catches date back to 2006). If possible, data on catches by country were obtained
from this database, as it is easily accessible. However, according to personal correspondence with ICES,
these catch numbers must be treated with caution, as they do not account for misreporting or discards.
Therefore, in the event that the total number of official nominal catches [ICES, 2023b] by stock deviated
from the value provided by ICES by more than 10%, the catches by country were manually extracted from
the ICES advice PDFs [ICES, 2023c]. It should be noted that, at the time of assessment, ICES only provided
catch data until 2020. Therefore, catches by country were taken for 2020 if the deviation was less than 10%.
As country-catches are only relevant in relative terms and we consider it unlikely that relative catches by

country changed substantially between 2020 and 2021, we assume that this does not distort our results.



Target 14.5: By 2020, conserve at least 10 per cent of coastal and marine areas,
consistent with national and international law and based on the best available

scientific information

Target 14.5 is supposed to be measured by the coverage of protected areas in relation to marine areas [United
Nations, 2022]. The official indicator is the Average proportion of Marine Key Biodiversity Areas (KBAs)
covered by protected areas. Examples of KBAs include sites that were found to be particularly important
for biodiversity after analysing bird data or sites where the predominant share of at least one (critically)
endangered or threatened species is present. This indicator adds information to statistics of marine area
covered by protected areas by accounting for the variation in biodiversity importance between different sites.
Since the indicator is already a percentage, the indicator from United Nations was taken without further

transformation.

We complement the official UNSD indicator with Marine Protected Areas (MPAs) relative to the country’s
EEZ. Data on MPAs is obtained from European Environment Agency and data on the size of the EEZ are
extracted from European Marine Observation and Data Network. The outermost regions were considered
when calculating the EEZs, since “EU legislation and agreements are fully applicable in their territory”
and therefore it can be expected that the MPA target also applies to these areas [Gouardéres, Frédéric,
2023]. Specifically, we include the Canary Islands, the Azores, and Madeira. Indicators are transformed
by comparing their value with the target of 30% coverage of marine protected areas European Commission

[2020].

Target 14.6: By 2020, prohibit certain forms of fisheries subsidies which con-
tribute 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

Target 14.6 is supposed to be measured by the “degree of implementation of international instruments aim-
ing to combat illegal, unreported and unregulated fishing” [United Nations, 2022]. The official indicator
takes into account the implementation of six instruments that aim to counteract Illegal, Unreported, and

Unregulated (IUU) fishing. However, since all the 15 coastal countries in the EU score high on this indicator

[United Nations, 2023d], it does not allow differentiation at the EU level. Therefore, we follow Andriamahe-



fazafy et al. and include the response indicators of the IUU index instead. This index covers not only five of
the six instruments mentioned above, but also other indicators related to IUU fishing (e.g., the presence of
mandatory vessel tracking for the commercial seagoing fleet or designated ports specified for entry by foreign
vessels) [Global Initiative Against Transnational Organized Crime, Poseidon Aquatic Resource Management
Ltd., 2023]. However, contrary to Andriamahefazafy et al., we exclude all response indicators with low or
medium weight according to the IUU index (except those foreseen by the UN) and give equal weight to
the nine selected indicators. This allows us to consistently calculate a composite IUU indicator under the

concept of weak sustainability. The indicator is transformed using the distance-to-target method.

We follow Rickels et al. and include fisheries subsidies as an additional indicator. While the IUU index
captures the strength of regulatory measures against IUU fishing, this indicator accounts for financial in-
centives that may lead to intensified IUU fishing if not effectively regulated. It is based on the Fisheries
Support Estimate [Organisation for Economic Co-operation and Development, 2022], which provides data
on payments received by fishermen. From the estimate, we select the payments that the OECD classifies as
having a high risk of encouraging unsustainable fishing. This includes transfers based on input use, special
insurance system for fishers, fuel tax concessions, and access to other countries’ waters. The indicator is

transformed using the distance-to-target taking the top 3 performing countries as a reference.

Lastly, we follow Rickels et al. and select catch-weighted Total Allowable Catch/Catch (TAC/Catch) as a
third indicator for this target. With the previous two indicators accounting for regulations and incentives
related to overfishing, this indicator directly measures the adherence of actual catches to TAC on a fish-stock
level. A value less than 1 indicates that more fish are caught than is actually allowed by the quota. Data
on this indicator originate from ICES. Transformation and assignment to countries work similar to Fygy /F

(see above).

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

Target 14.7 is supposed to be measured in terms of “sustainable fisheries as a proportion of GDP in small
island developing states, least developed countries, and all countries”. In line with Rickels et al., we argue

that the economic dimension of SDG 14 should not be restricted to fisheries only. As we already account

for sustainable fisheries in targets 14.4, 14.6 and 14.b, we go beyond this sector and select Livelihoods &



Economies (L&E) and Tourism (TR) indicators. In contrast to Rickels et al., we do not rely on global data
from the Ocean Health Index but build our own indicators with which we aim to better represent European
countries. To do so, we base our calculations on the methodology of the Baltic Health Index [Blenckner

et al., 2021] for L&E and TR.

The aim of TR is to assess whether countries make the best use of their potential to provide recreational value
to tourists in their coastal areas. We calculate it by dividing the gross value added (GVA) of coastal tourism
accommodation [European Commission, 2023] by the number of nights spent at tourist accommodations
in coastal areas of the respective country [Eurostat, 2023e]. We restricted our analysis to the GVA of
accommodation (and thus excluded transport and other expenditures) as we assume that this value more

directly relates to the number of nights spent at tourist accommodations.
Livelihoods & Economies is, obviously, divided into two sub-indicators: Livelihoods and Economies.

Economies capture the economic value associated with marine industries, using gross value added from marine
sectors. Data on established blue economy sectors (living and non-living resources, ocean energy, ports
activities, shipbuilding and repair, maritime transport and coastal tourism) were obtained from European
Commission. Following Blenckner et al., the annual growth rate per sector and country has been compared
to an expected growth rate of 1.5% and scaled from 0 to 100. The indicator at the country level is calculated
using a weighted average, taking the contribution of each sector to the overall GVA of the countries’ blue
economy as weights. Differently to the BHI, the annual growth rates per year do not need to be estimated
but can be calculated directly since data on GVA per sector, year, and country are readily available and

cover the entire assessment period until 2020.

Ideally, the Livelihoods indicator captures both the quantity and the quality component of the livelihoods of
people living in coastal areas [Blenckner et al., 2021]. Following Blenckner et al., the indicator is measured
in terms of jobs in established marine sectors. While the BHI used national employment rates as a proxy
for coastal employment, European Commission now allows the use of more specific data. To account for
the quantity component of livelihoods, we take the number of employees in the marine sectors (in full-time
equivalents) from European Commission and divide it by the number of people living in coastal areas. To
calculate the latter, we consider regions on the coast or with > 50% of the population living within 50 km
of the coastline, as given by Eurostat [2024]. To account for the quality component of livelihoods, we use
the gross value added per hour worked by employees of the blue economy European Commission adjusted
for Purchasing-Power-Parity (PPP). Household final consumption expenditure is used as analytical category

for PPP Data stem from Eurostat.



Target 14.a: Increase scientific knowledge, develop research capacity and trans-
fer 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 bio-
diversity to the development of developing countries, in particular small island

developing States and least developed countries

Target 14.a is supposed to be measured in terms of the proportion of the total research budget allocated
to research in the field of marine technology [United Nations, 2022]. Although only a subset of countries is
covered (three, six and three of 15 countries in 2012, 2016 and 2021, respectively), we follow Rickels et al.

and include this indicator as we aim to use official data wherever feasible.

This indicator is complemented by Scientific Advice/Total Allowable Catch (SAD/TAC) which accounts for
the adherence to scientific advice when fishing quota are set. A value below 1 indicates non-adherence, as
the quota exceeds catches corresponding to scientific advice for a specific stock. The assignment to countries

and the transformation are similar to Fygy /F as described above. Data on 69 fish stocks are obtained from

ICES advice pdfs [ICES, 2023c].

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

and markets

Target 14.b is supposed to be measured in terms of the degree of application of a legal /regulatory/policy /institutional
framework which recognises and protects access rights for small-scale fisheries. Official data are based on
questionnaire data that capture the efforts of countries to promote access rights to small-scale fisheries
[United Nations, 2022]. However, since all 15 EU coastal countries score high on this categorical indicator,
a differentiation is not possible. Therefore, we use the OHI indicator for artisanal fishing opportunities
(AFO), which describes the opportunities to conduct artisanal fishing when needed [Halpern et al., 2012]. In
particular, we choose the OHI status indicator, as it includes the official UN indicator to measure opportuni-
ties for artisanal fishing. It complements this indicator by also considering the necessity of artisanal fishing
(proxy: PPP-adjusted GDP per capita) as well as the sustainability of artisanal fishing (proxy: B/Bysy
values specific to artisanal and subsistence fishing). This allows for a more diverse picture of the assessed

countries.

Furthermore, we take data from for Conservation of Nature to calculate the percentage of threatened fish



species. We consider species in the threat categories critically endangered, endangered, and vulnerable
as threatened for our assessment. In contrast to the indicators under 14.4, this indicator is not catch-
weighted and therefore gives equal weight to all fish stocks, also to those that are potentially less relevant
to commercial fishing, as opposed to artisanal fishing. We are aware of the limitations of this indicator:
According to International Union for Conservation of Nature, changes in threat status often do not represent
real changes, but rather changes in knowledge or taxonomy. Therefore, simply comparing the absolute
numbers of threatened species is misleading. As we, however, calculate changes in relative terms and assume
that scientific advances are equally distributed over threatened and non-threatened species, we assume that
this indicator is still meaningful. Furthermore, we are aggregating three threat categories; therefore, changes

within these categories will not impact our indicator.

Target 14.c: Enhance the conservation and sustainable use of oceans and their
resources by implementing international law as reflected in United Nations Con-
vention on the Law of the Sea (UNCLOS), which provides the legal framework
for the conservation and sustainable use of oceans and their resources, as recalled

in paragraph 158 of ”The future we want”

Target 14.c is supposed to be measured in terms of the 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 UNCLOS, for the conservation and sustainable use of

the oceans and their resources [United Nations, 2022].

Progress against Target 14.c is supposed to be measured by indicator 14.c.1 Number of countries making
progress in ratifying, accepting and tmplementing through legal, policy and institutional frameworks, ocean-
related instruments that implement international law, as reflected in the United Nations Convention on the
Law of the Sea, for the conservation and sustainable use of the oceans and their resources. Data for this
indicator are collected through questionnaires and its collection began in 2021 [United Nations, 2023c].
Data is only available for eight of the 15 countries in our assessment. Following Rickels et al. [2019],
we use an alternative indicator that measures the governance dimension related to sustainable (ocean)
development: Participation in agreements of the International Marine Organization (IMO Participation
Rate). This is calculated as the participation rate in international sea protocols of the IMO. Data were
collected from International Maritime Organization and calculated by counting the number of treaties each

country accessioned and did not denounce by each assessment year.
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S2 Data and Code

The data and code that support the findings of this study are openly available in OSF at
doi.org/10.17605/OSF.10 /7TP3ED.
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