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Key Message

Since the QSR 2010, nitrogen and phosphorus inputs to the OSPAR Maritime Area have continued to decrease.
Waterborne inputs to the Arctic Waters (Region |) increased substantially however, but the nitrogen increase is
masked by a larger decrease in atmospheric deposition. Substantial reductions in inputs to the North Sea have
been achieved.

Background (brief)

OSPAR’s strategic objective regarding eutrophication is to tackle eutrophication, through limiting inputs of
nutrients and organic matter to levels that do not give rise to adverse effects on the marine environment.
The procedure to assess progress towards this objective takes into account the causes, and direct and indirect
effects of eutrophication. Enriching the sea with nutrients can lead to eutrophication problems if this results
in undesirable disturbances such as excessive growth of phytoplankton (algae), causing oxygen depletion in
bottom waters leading to behavioural changes or even death of fish and other species. Elevated nutrient
concentrations are thus an important indicator of where eutrophication might occur.

Nutrients, such as nitrogen and phosphorous, enter the marine environment from the atmosphere, rivers,
land runoff, or by direct discharges into the sea. Human activities can result in large quantities of nutrients
entering the sea (Figure 1 and Figure 2). Data from long-term monitoring help scientists to quantify the
effects of human activities and evaluate the success of measures taken to reduce nutrient inputs. One of the
main directions in the OSPAR Eutrophication Strategy 2010-2020 was to cooperate to set appropriate
nutrient reduction targets for problem areas with regard to eutrophication.

Nutrient emissions are regulated through OSPAR Recommendations and several EU Directives. Atmospheric
emissions are also regulated through the UNECE Convention on Long-range Transboundary Air Pollution.

This assessment describes inputs of the nutrients, nitrogen and phosphorus to OSPAR Regions | — IV, and to

the OSPAR Maritime Area. OSPAR Region V, the Wider Atlantic, has little in the way of land-based sources
and most atmospheric inputs originate beyond the boundaries of the OSPAR Maritime Area.

T

. .’,'Ed-« r

Figure 1: Exhaust emissions, including from shipping, are a significant source of atmospheric nitrogen
deposition at sea. © https://www.shutterstock.com
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Figure 2: Open cage fish farms are a source of nutrients to the surrounding waters. ©
https://www.shutterstock.com

Background (extended)

Eutrophication is the result of excessive enrichment of water with nutrients. This may cause accelerated growth
of algae and / or higher forms of plant life (Commission Decision 2017/848%). This may result in an undesirable
disturbance to the balance of organisms present and thus to the overall water quality. Undesirable disturbances
can include shifts in the composition and extent of flora and fauna and the depletion of oxygen due to
decomposition of accumulated biomass. Such disturbances then have other effects, such as changes in habitats
and biodiversity, blooms of nuisance algae or macroalgae, decrease in water clarity and behavioural changes or
even death of fish and other species. Identifying causal links between these disturbances and nutrient enrichment
can be complicated by other pressures. Cumulative effects, including climate change, may have similar effects on
biological communities and dissolved oxygen, further complicating efforts to demonstrate causal links.

The OSPAR Commission’s strategic objective, with regard to eutrophication, is to tackle eutrophication, through
limiting inputs of nutrients and organic matter to levels that do not give rise to adverse effects on the marine
environment; (OSPAR, 2021). The OSPAR Eutrophication Strategy 2010-2020 required assessment of
eutrophication to be based on the ecological consequences of nutrient enrichment and not just on nutrient
enrichment alone, i.e., finding reliable evidence for accelerated growth of algae and / or macrophytes caused by
anthropogenic nutrient enrichment, leading to undesirable disturbance. Eutrophication is diagnosed using
OSPAR’s harmonised criteria of nutrient inputs, concentrations and ratios, chlorophyll-a concentrations,
phytoplankton indicator species, macrophytes, dissolved oxygen levels, incidence of fish kills and changes in
zoobenthos (OSPAR, 2022). As there is no single indicator of disturbance caused by marine eutrophication, OSPAR
applies a multi-step method using the harmonised criteria (OSPAR, 2022). Eutrophication is considered to have
occurred if there is evidence for all of the stages shown in Figure a, and of causal links between them (ECJ, 2009).

For OSPAR’s Quality Status Report 2023, four harmonised criteria have been assessed at a regional scale: nutrient
inputs, nutrient concentrations , chlorophyll-a concentrations and dissolved oxygen levels. These are highlighted
in Figure a. The individual assessment results of any one of these five common indicators do not diagnose
eutrophication by themselves. However, the assessments provide useful information about trends and are
important for informing management measures.

1 EUR-Lex - 32017D0848 - EN - EUR-Lex (europa.eu)
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Figure a: Generic conceptual framework to assess eutrophication in all categories of surface waters
illustrating the main cause/effect linkages (OSPAR, 2022)

The criteria marked 2 are not relevant in all countries’ waters. The common indicator assessed here (inputs of nutrients) is outlined
in red

This assessment describes inputs of the nutrients nitrogen (via air and water) and phosphorus (via water) to the
OSPAR Maritime Area, and in particular to the four land-adjacent OSPAR Regions, Arctic Waters, Greater North
Sea, Celtic Seas, and Bay of Biscay and Iberian Coast. Data on waterborne total nitrogen and total phosphorus
inputs are collected by the OSPAR countries. Inputs from atmospheric nitrogen deposition are calculated from the
sum of oxidised and reduced, wet and dry nitrogen deposition, which has been provided from modelling by the
European Monitoring and Evaluation Programme (EMEP) under the UNECE Convention on Long-Range
Transboundary Air Pollution (CLRTAP, Gauss et al., 2022). There is no general modelling of atmospheric
phosphorus deposition, as it is seen as a background source, mainly from natural background sources. In this
assessment atmospheric phosphorus deposition is not included.

Waterborne inputs enter the OSPAR Maritime Area (Figure b) from rivers, point sources (such as factories, fish
farms and water treatment plants discharging directly into estuaries or the sea), and direct deposition from the
air. Data on inputs via rivers are from monitoring sites, or are estimated or modelled for unmonitored catchments.
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Figure b: Riverine catchment areas supplying nutrients to the OSPAR Maritime Area

Assessment Method

The aim of the assessment is to show changes in nutrient inputs from 1990 to the present, using the most accurate

and complete data.

The assessment has been expanded since the Intermediate Assessment of 2017 to cover all four OSPAR Regions
for which data exist. These are Arctic Waters, Greater North Sea, Celtic Seas, and Bay of Biscay and Iberian Coast.

OSPAR’s Eutrophication Strategy 2010-2020 built on long-standing commitments from countries to reduce inputs
of nutrients to eutrophication problem areas (OSPAR, 2021). Countries that are likely to contribute nutrient inputs
to eutrophication problem areas are committed to reducing inputs to those areas by 50% relative to inputs in

1985, pending new nutrient reduction targets (OSPAR, 2010).

Data sources:
Data sources include riverine, atmospheric and direct inputs. Data are held in the OSPAR programme (OSPAR,
2014) database by the data-host (database version 20220127). Data originate from national reporting of
monitoring commitments under OSPAR’s Riverine Inputs and Direct Discharges Monitoring Programme (RID) and
cover riverine inputs (monitored), estimated / modelled inputs from unmonitored catchments and diffuse sources,
and point source inputs (industry, sewage treatment plants, fish farming and urban runoff). The earliest data are
from 1989 and the time series extends to 2019. Reporting for some countries began after 1989 and this limits the
amount of data available for analysis. Complete reporting for the Bay of Biscay and Iberian Coast did not begin

until 1997.
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Riverine data are supplemented by atmospheric deposition data provided by EMEP (European Monitoring and
Evaluation Programme). EMEP data in this case are from numerical model analyses of nitrogen emissions, which
are reported by countries to the UNECE Convention on Long-range Transboundary Air Pollution. All OSPAR
countries are also members of EMEP. The EMEP numerical model uses modelled meteorological fields to estimate
the spread and deposition of these substances from source to sink, including atmospheric chemical processes.
This assessment uses only direct deposition to the sea surface: atmospheric deposition onto land can reach the
sea but would be picked up by the RID. A detailed description of the EMEP Nitrogen and Sulphur Model, including
the source code, can be found at EMEP. EMEP results come from Klein et al., 2021. Data are available from 1990.

Data aggregation and analysis

OSPAR monitoring of riverine inputs occurs at the mouths of larger rivers. The exact minimum size varies
from Contracting Party to Contracting Party. Inputs from areas between the river mouths — so called
“unmonitored areas” - are determined using a harmonised modelling framework (the HARP-NUT guidelines)
as are direct discharges. The results are aggregated geographically into larger and larger catchments up to a
national total. As well as the annual nutrient inputs, the annual water flow is also reported allowing flow
normalisation of the riverine inputs. This flow normalisation makes use of the relationship between water
flow and inputs to remove the variability caused by wet and dry years. In this assessment, the HELCOM flow
normalisation approach (HELCOM, 2019) has been implemented. Riverine nutrient inputs were flow
normalised at the smallest geographical scale possible before aggregating to national totals to each region.
The flow normalisation increased the confidence in trend analyses and improved data quality as spurious
results were easier to identify, giving Contracting Parties the opportunity to re-report data where necessary.

Atmospheric nutrient inputs cannot be flow normalised in the same way. However, Bartnicki et al., (HELCOM,
2019) developed a method of weather normalisation where the spreading and deposition of each year’s
emitted nitrogen is modelled using representative meteorological years. This results in a range of possible
depositions for each year’s emissions. The median deposition is considered to be the “weather normalised”
deposition and is also presented here.

Results (brief)

Inputs of nutrients to the OSPAR Maritime Area as a whole have decreased significantly since the start of
monitoring in 1990. Nitrogen inputs have decreased by about 44 kilotonnes (kt) every year (1 350 kt since 1990),
while phosphorus inputs have decreased by 2,4 kt each year (70 kt since 1990). By removing inter-annual variability
through flow normalisation, it is possible to detect significant — though smaller - decreases since the last QSR of
about 28 kt nitrogen per year and 1,6 kt phosphorus. In 2019, the OSPAR Regions received approximately 2 900
kt of nitrogen via air and water and approximately 70 tonnes of waterborne phosphorus. Excluding the
atmospheric nitrogen component from the analysis shows nitrogen inputs decreasing by only 6 kt per year with
no significant trend apparent in the last 10 years even after flow normalisation. This indicates the importance of
air quality improvements — reducing combustion for energy generation, heating, and transport as well as
ammonium emissions from livestock - in reducing nitrogen inputs to the wider Maritime Area.

OSPAR Region |, Arctic Waters, has seen substantial increases in waterborne inputs. Total nitrogen loads have
increased from 30 kt per year in 1990 to more than 80 kt in 2019. Similarly, total phosphorus inputs have increased
from 2 to 9 kt per year. This increase is due to direct discharges — mainly from aquaculture - rather than changes
in land use. These figures are likely to be an underestimate as not all Arctic Contracting Parties have reported their
direct discharges from aquaculture. Despite this, the total change in nitrogen inputs to the Arctic shows a decrease
of about 4 — 8 kt per year due to the reduction in atmospheric deposition. Thus, nutrient inputs to the coastal
Arctic have increased substantially, while the offshore Arctic has experienced reduced nitrogen inputs.

Nutrient inputs to Region Il, the Greater North Sea continue to decline from both waterborne and atmospheric

sources. The total nitrogen loads decrease by almost 20 kt per year although this rate reduces to 13 kt when the
atmospheric contribution is removed. This component is particularly important as it comprises only bioavailable,
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inorganic nitrogen and is delivered directly to the sea surface. Total nitrogen inputs are almost two-thirds of what
they were in 1990. Total phosphorus inputs are around a third of the 1990 value, having reduced from almost 90
kt in 1990 to just over 30 kt in 2019.

Total nitrogen inputs to the Celtic Seas have also decreased by about a third over the period 1990 to 2018. Extreme
weather events in 2015 and 2019 resulted in the same nitrogen inputs as at the start of the time series. These
events were so extreme that normalisation was unable to fully remove this variation from the time series.

There is good confidence in the data used and good confidence in the methodology. Some methodology changes
are detectable in the time series but are not sufficiently large to alter the overall picture.

Figure 3: Nutrients, such as nitrogen and phosphorous, enter the marine environment from the atmosphere, rivers, land runoff, or
by direct discharges into the sea © Lucy Ritchie

Results (extended)

Nutrient inputs to the OSPAR Maritime Area (Figure c, Figure d, Figure e, Figure f, Figure g, Figure h, Figure i,
Figure j, Figure k, Figure | and Figure m) have decreased significantly since 1990. Reduced emissions of nitrogen
to air have led to a reduction of almost 600 kt in annual atmospheric nitrogen deposition. The greatest reductions
occur in the Arctic and Greater North Sea. The reduction in atmospheric nitrogen inputs to Region | is sufficient to
turn 1,3 - 1,7 kt / year increase in waterborne nitrogen inputs into a 4 kt / year decrease in total nitrogen inputs
(Table a and Table b).
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Figure c: Combined normalized airborne and waterborne nitrogen inputs to the OSPAR Maritime Area showing countries of origin.
Missing data are replaced by a mean value based on data reported from that country for the period 1990-2019. The dashed line
indicates a statistically significant trend (p<0,05; calculated with Scipy.Stats.Kendalltau). Atmospheric deposition for 1990 — 1994
represents actual, not normalised deposition.
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Figure d: Combined normalized airborne and waterborne nitrogen inputs to the Arctic Ocean showing countries of origin. Missing
data are replaced by a mean value based on data reported from that country for the period 1990-2019. The dashed line indicates a
statistically significant trend (p<0.05; calculated with Scipy.Stats.Kendalltau). Atmospheric deposition for 1990 — 1994 represents
actual, not normalised deposition.
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Total Nitrogen loads to the Greater North Sea
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Figure e: Combined normalized airborne and waterborne nitrogen inputs to the Greater North Sea showing countries of origin.
Missing data are replaced by a mean value based on data reported from that country for the period 1990-2019. The dashed line
indicates a statistically significant trend (p<0.05; calculated with Scipy.Stats.Kendalltau). Atmospheric deposition for 1990 — 1994
represents actual, not normalised deposition.
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Figure f: Combined normalized airborne and waterborne nitrogen inputs to the Celtic Seas showing countries of origin. Missing
data are replaced by a mean value based on data reported from that country for the period 1990-2019. The dashed line indicates a
statistically significant trend (p<0.05; calculated with Scipy.Stats.Kendalltau). Atmospheric deposition for 1990 — 1994 represents
actual, not normalised deposition.
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Total Nitrogen loads to the Iberian Peninsula and Bay of Biscay
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Figure g: Combined normalized airborne and waterborne nitrogen inputs to the Bay of Biscay and Iberian Coast showing countries
of origin. Missing data are replaced by a mean value based on data reported from that country for the period 1990-2019. The dashed
line indicates a statistically significant trend (p<0.05; calculated with Scipy.Stats.Kendalltau). Atmospheric deposition for 1990 — 1994
represents actual, not normalised deposition.
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Figure h: As Figure d, but only showing waterborne total nitrogen inputs to Arctic Waters. The dashed line indicates a statistically
significant trend (p<0.05; calculated with Scipy.Stats.Kendalltau). Atmospheric deposition not shown.
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Figure i: Normalized waterborne phosphorus inputs to the OSPAR Maritime Area showing countries of origin. Missing data are
replaced by a mean value based on data reported from that country for the period 1990-2019. The dashed line indicates a statistically
significant trend (p<0,05; calculated with Scipy.Stats.Kendalltau). Atmospheric phosphorus deposition is considered a natural process
and is not monitored.
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Figure j: Normalised waterborne phosphorus inputs to the Arctic Ocean showing countries of origin. Missing data are replaced by
a mean value based on data reported from that country for the period 1990-2019. The dashed line indicates a statistically significant
trend (p<0,05; calculated with Scipy.Stats.Kendalltau). Atmospheric phosphorus deposition is considered a natural process and is not
monitored.
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Figure k: Normalised waterborne phosphorus inputs to OSPAR Region Il showing countries of origin. Missing data are replaced by
a mean value based on data reported from that country for the period 1990-2019. The dashed line indicates a statistically significant
trend (p<0,05; calculated with Scipy.Stats.Kendalltau). Atmospheric phosphorus deposition is considered a natural process and is not

monitored.
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Figure I: Normalised waterborne phosphorus inputs to the Celtic Seas showing countries of origin. Missing data are replaced by a
mean value based on data reported from that country for the period 1990-2019. The dashed line indicates a statistically significant
trend (p<0,05; calculated with Scipy.Stats.Kendalltau). Atmospheric phosphorus deposition is considered a natural process and is not

monitored.
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60 Total Phosphorus loads to the Iberian Peninsula and Bay of Biscay
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Figure m: Normalised waterborne phosphorus inputs to the Bay of Biscay and Iberian Coast showing countries of origin. Missing
data are replaced by a mean value based on data reported from that country for the period 1990-2019. The dashed line indicates a
statistically significant trend (p<0,05; calculated with Scipy.Stats.Kendalltau). Atmospheric phosphorus deposition is considered a
natural process and is not monitored.

Table a: Rates of change of nutrient inputs (kt / year; 1990 — 2019 significant trends only: p < 0,05)
Nitrogen Phosphorus

Atmospheric | Waterborne | Waterborne
+ Waterborne

-1V | Combined -45 -5,9 -2,4

| Arctic Waters -4,1 +1,7 +0,3

Il Greater North Sea | -19 -8,8 -1,7

11 Celtic Seas -5,7 -2,5 -0,5

v Iberian Coast and | - - -0,4

Bay of Biscay
Table b: Rates of change of nutrient inputs (kt / year; 2010 — 2019 significant trends only: p < 0,05)

Nitrogen Phosphorus

Atmospheric | Waterborne | Waterborne
+ Waterborne

-1V | Combined -28 - -1,5

| Arctic Waters -2,2 +1,3 +0,2

Il Greater North Sea | -21 -13 -1,9

Il Celtic Seas - - -

v Iberian Coast and | -7,5 -6,2 -
Bay of Biscay

Since 1990, phosphorus inputs to the Greater North Sea have decreased by almost two-thirds, from about 90 kt/y
to just over 30 kt/yr. The greatest changes occurred between about 2000 and 2005, although further significant
input reductions have occurred since the last QSR in 2010. A similar, 50% reduction is visible in the Celtic Seas data
and in the total phosphorus loads to Regions | to IV combined, suggesting that collectively the 50% emission
reduction agreed in PARCOM Recommendation 88/2 may have been achieved, at least for phosphorus.

Riverine inputs to the Bay of Biscay and Iberian Coast are strongly affected by regional flood events. Furthermore,
the time series of available data is shorter than for the Greater North Sea and recent reporting is less complete,
making it difficult to draw conclusions on trends. However, phosphorus inputs between 1997 and 1999 were
typically about 20 kt/y, while phosphorus inputs of about 13 kt/y are now found. Analyses show a statistically
significant downward trend in phosphorus inputs to the Bay of Biscay and Iberian Coast, but not for nitrogen.
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In the Greater North Sea, the proportionally greater reduction in phosphorus input compared to nitrogen input
(Figure n) leads to an overall change in the relative amounts of molar nitrogen and phosphorus in the inflowing
freshwater. Changes in the molar ratio can have ecosystem effects such as altering the phytoplankton community
composition. Such changes in nutrient limitation have been observed in the North Sea (Burson et al., 2016). Similar
changes occur in the Celtic Seas and in the Bay of Biscay and Iberian Coast, from around 40 (1997) to about 60
(2019). Estimates of atmospheric phosphorus inputs assume that it is a natural process rather than caused by
human activities. A deposition rate of 5 kg P / km2 / yr (as used by HELCOM, 2015) increases phosphorus loading
to Regions II, Il and IV by 10 — 20%, so does not significantly affect the changes in molar ratio in these regions. In
Region | (Arctic Waters) this estimate of atmospheric phosphorus inputs is about three times greater than the
waterborne input to Region |, and is enough to suggest primary production is nitrogen limited, as reported by
recent studies (e.g., Mills et al., 2018)

Nitrogen:Phosphorus (Redfield) ratio in inflowing water

N:P ratio
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Atmospheric N from EMEP
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Figure n: Changes in the relative amounts of nitrogen and phosphorus entering the four OSPAR Regions. Upper plot shows only the
relative waterborne inputs, with positive trends indicating increasing phosphorus limitation except in the Arctic, as measures in the
catchment reduce phosphorus inputs more effectively than nitrogen.

Area-specific nutrient inputs indicate the intensity of nutrient losses from the catchment and are reported as mass
of nutrients per unit area of catchment. Highest area-specific waterborne inputs of nitrogen and phosphorus come
from the Celtic Seas’ catchment, followed closely by the Greater North Sea. The area-specific nitrogen inputs to
the Bay of Biscay and Iberian Coast (Table c and Figure g) are about 70% of those to the Greater North Sea, while
the area-specific phosphorus inputs are about half of those in the Celtic and North Seas. This probably reflects the
different climates across the two regions but may also reflect differences in agriculture and other nutrient
management measures. Lowest area specific inputs are found in the Arctic regions.

Table c: Annual mean area-specific nitrogen and phosphorus inputs for OSPAR Regions | - IV (direct discharges
included, so these values reflect an upper estimate)

Catchment area Annual mean area-specific

(thousand km?) | waterborne inputs (tonnes/km?)
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Nitrogen Phosphorus

Arctic Waters 292 0,18 0,02
Greater North 959 1,04 0,06
Sea (1990-2019)

Celtic Seas 176 1,23 0,07
Bay of Biscay 658 0,70 0,03
and Iberian

Coast (1997-

2019)

Data reporting in the Bay of Biscay and Iberian Coast has been intermittent. Spanish data are unavailable prior to
1997 while data reporting from Portugal has been intermittent in recent years. Missing data from individual rivers
have been replaced by mean values when calculating the national inputs, which may explain the difficulty in
detecting significant trends for this Region. The extreme variability of nutrient inputs in this region shows the
importance of having a complete dataset if trends, flow normalisation and the impacts of measures are to be
determined. Particularly high nitrogen inputs occurred in 1994, 1995 and 2002, associated with central European
flood events (Engel, 1997; Forster, 2008). Extreme nitrogen inputs occurred from UK rivers to the Celtic Seas in
2015 and 2019, without corresponding high phosphorus inputs, which raise suspicions about data quality and
prevent the determination of significant trends in the recent data.

Flow normalisation allows significant trends to be detected even in the most recent 10 years of data in many
regions. The method is dependent on having full data reporting (flow and inputs) for the individual rivers. By
reducing the variability associated with weather, trends due to measures in the catchments become detectable.
However, some changes appear to be due to methodological changes by Contracting Parties (e.g., the increase in
nitrogen inputs from France to the Greater North Sea between 2006 and 2007).

Conclusion (brief)

Inputs of nitrogen and phosphorus to the four continental-adjacent OSPAR Regions taken altogether have
decreased substantially since OSPAR monitoring started in 1990. This good news is tempered by significantly
increasing waterborne nutrient inputs to Region | (Arctic Waters). This increase is likely an underestimate as
not all Contracting Parties in the Region report inputs from aquaculture.

Flow normalisation reduces weather-dependent variability in data and allows the effects of measures and
other changes to be detected. Significant trends in phosphorus inputs were detectable in all four Regions for
the period 1990 to 2019 and in two Regions (and the combined input) for the period since the last QSR.
Trends in nitrogen inputs were detectable in all areas except for Region IV (Bay of Biscay and Iberian Coast)
for the period 1990 to 2019 although this Region shows a significant decreasing trend since the last QSR.
Reductions in total nitrogen inputs are due in large part to reductions in atmospheric emissions2. The
reduction rate in the total input is more than twice the reduction rate of the waterborne inputs alone for the
whole period. The relatively greater success in reducing phosphorus compared to nitrogen may increase
phosphorus limitation in coastal waters.

Conclusion (extended)

OSPAR countries have agreed three Recommendations to reduce nutrient inputs to the OSPAR Maritime Area.
Under PARCOM Recommendation 88/2 (1988) coastal states around the Greater North Sea agreed to reduce
nutrient inputs by 50% relative to the 1985 levels. PARCOM Recommendations 89/2 (PARCOM, 1989) and 92/7
(PARCOM, 1992) identified measures necessary to reduce inputs, which have since been incorporated and in
several cases augmented by European Union Directives covering for example wastewater treatment, nitrates in
agriculture, industrial emissions and water and marine management. Furthermore, atmospheric emissions are
regulated through the Gothenburg Protocol of the United Nations Economic Commission for Europe (UNECE)

2For 1990-2010 there are reduction in the waterborne inputs from many countries (both due to reduced points sources load and reduction in inputs

from agriculture in at least from main part of the countries
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Convention on Long-range Transboundary Air Pollution, which is implemented by EU Member States through the
National Emissions Ceilings Directive (2016/2284/EU)3.

The result of these measures is a clear reduction in nutrient inputs to OSPAR Regions, with the exception of
phosphorus inputs to Region I.

Knowledge Gaps (brief)

OSPAR Contracting Parties lack knowledge of the critical nutrient inputs required to eliminate eutrophication from
the OSPAR Maritime Area and to avoid eutrophication occurring in the future. This knowledge gap is being
addressed urgently under the North-East Atlantic Environment Strategy.

Nutrient input assessment is based on a combination of observations, statistical analyses, and dynamic numerical
models. Observations of river flow and chemical concentration could be improved by increasing measurement
frequency, particularly under high flow conditions. Assessing nutrient inputs from unmonitored areas is
dependent on high quality reporting from industry and agriculture and modelling tools adapted to local conditions.
Atmospheric input estimates and pathways are sensitive to model resolution and could be improved, for example
by data assimilation and more detailed emissions data. Atmospheric phosphorus deposition is effectively
unknown, with no observations over the sea, few observations over land and no operational modelling.

Knowledge Gaps (extended)

OSPAR Contracting Parties aim to measure 90% of riverine inputs from their territories. This is achieved through
gauging stations to measure discharge with frequent water sampling throughout the year, ideally focused on
periods of high flow. The remaining 10% of inputs originate from ‘unmonitored’ areas downstream of and in
between these gauging stations. Estimates of this 10% come from modelling. Discharges from point sources (such
as industry and water treatment works) are then added through national and European reporting pathways.
Despite these intentions, local conditions mean that not all Contracting Parties are able to measure 90% of riverine
inputs and rely on modelled estimates for a larger proportion of their data reporting.

Monitoring and modelling guidelines are well established within OSPAR, and consistent monitoring data exists for
most countries since 1989. However, identifying periods of high flow and then monitoring before they decline is
not always possible and this can result in the estimates from individual rivers being less accurate than desired.
This is particularly relevant because extreme weather events with periods of high flow could become more
frequent in the future under continued warming. OSPAR’s RID monitoring programme involves compromises
between monitoring cost and data coverage. Further sensor development should enable more frequent
observations which will reduce uncertainty in input estimates. More frequent observations would improve
estimates of the effectiveness of measures and through this knowledge the cost-effectiveness of future
Programmes of Measures.

Atmospheric data rely on emissions data reported under the UNECE Convention on Long-range Transboundary Air
Pollution and the European Union Industrial Emissions Directive (2010/75/EU)*. While the European Monitoring
and Evaluation Programme (EMEP) model is validated against observed deposition, accurate reporting of
emissions from all sectors is necessary. Analysing atmospheric nitrogen deposition per country could help identify
where to target nitrogen reduction measures.
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Field Data Type
SDG Indicator List 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

Thematic Activity List Eutrophication
Relevant OSPAR (Text OSPAR Agreement 2010-03 The North-East Atlantic Environment
Documentation Strategy. Strategy of the OSPAR Commission for the Protection of the

Marine Environment of the North-East Atlantic 2010-2020

OSPAR Agreement 2013-08 Common Procedure for the Identification
of the Eutrophication Status of the OSPAR Maritime Area

OSPAR Agreement 2014-04 Riverine Inputs and Direct Discharges
Monitoring Programme (RID) applicable from 1 January 2015

OSPAR Agreement 2016-01 OSPAR Coordinated Environmental
Monitoring Programme (CEMP), as amended

OSPAR Agreement 2021-01 Strategy of the OSPAR Commission for the
Protection of the Marine Environment of the North-East Atlantic 2030

Date of publication |Date 2022-06-30

Conditions applying |URL https://oap.ospar.org/en/data-policy/

to access and use

Data Snapshot URL https://odims.ospar.org/en/submissions/ospar_inputs nutrients sna
pshot 2022 06/

Data Results Zip File https://odims.ospar.org/en/submissions/ospar_inputs nutrients resu
Its 2022 06/

Data Source URL https://www.nibio.no/en
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