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HELCOM core indicator report  
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Inputs of nitrogen and phosphorus to the Baltic Sea (2012-

2014) 

Key message 

A significant reduction of nutrients input has been achieved for the whole Baltic Sea. In the last 3-year 

assessment (2012-2014) the average normalized input of nitrogen was reduced by 13% and phosphorus by 

19% since the reference period (1997-2003) (Results figure 1). The maximum allowable input (MAI) of 

nitrogen in this period was fulfilled in the Kattegat, Danish Straits and Bothnian Sea (Key message figure 1 

and Results tables 1a and 1b). Nitrogen inputs into Bothnian Bay and the Gulf of Riga are close to MAI but 

cannot be considered as fulfilled due to statistical uncertainty. MAI for phosphorus input is fulfilled in the 

Kattegat only. The inputs to the Danish Straits, Bothnian Sea and Bothnian Bay cannot be considered as 

fulfilled due to statistical uncertainty. Since the mid-1990s (Results table 2), total normalized nitrogen and 

phosphorus inputs to the Baltic Sea in 2014 were reduced by 19% and 24%, respectively. 

  

Key message figure 1: For each sub-basin and the whole Baltic Sea (BAS), 3 year average annual normalized total 

nitrogen and phosphorus inputs (tons per year) including statistical uncertainty in 2012-2014 are compared with the 

maximum allowable nutrient inputs (MAI t/y , shown as a blue line). Green colour indicates that inputs during 2012-
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2014 were lower than MAI, red colour when they were higher, while yellow indicates that when taking into account 

the statistical uncertainty of input data it is not possible to determine whether MAI was fulfilled. Note: the scales on 

the y-axes differ in the charts. 

Relevance of the core indicator 

The input of nutrients is an indicator of eutrophication pressure on the marine ecosystem. In the Baltic Sea, 

the pressure is mainly driven by anthropogenic inputs of nitrogen and phosphorus to the sea.  

The HELCOM nutrient reduction scheme defines maximum allowable inputs of nitrogen and phosphorous to 

Baltic Sea sub-basins, and inputs should not exceed these environmental targets in order to eventually obtain 

good environmental status in terms of eutrophication. This core indicator presents progress in the different 

Baltic Sea sub-basins towards reaching the MAI. 

Policy relevance of the core indicator 

 Primary importance Secondary importance 

BSAP  
Segment and 
Objective 

¶ Eutrophication segment: nutrient 
reduction scheme  

¶ Has an influence on reaching 
objective Concentrations of nutrients 
close to natural levels 

Maritime segment: Minimum air pollution from ships 
and minimum sewage pollution from ships 
(Nutrient levels also affect biodiversity ecological 
objectives) 

MSFD  
Descriptors 
and Criteria 

¶ Descriptor 5: Human-induced 
eutrophication is minimized, 
especially adverse effects thereof, 
such as losses in biodiversity, 
ecosystem degradation, harmful 
algae blooms and oxygen deficiency 
in bottom waters 

¶ Criterion 5.1. Nutrients 
concentration in the water column 

Influence on achieving GES of the follow criteria:  

¶ 1.6.   Habitat condition 

¶ 5.2.   Direct effects of nutrient enrichment 

¶ 5.3.   Indirect effects of nutrient enrichment 

Other relevant legislation: (e.g. WFD):  
EU Nitrates Directive; EU Urban Waste-Water Treatment Directive; Industrial Emissions Directive (IED), Water 
Framework Directive, WFD; the Gothenburg Protocol to Abate Acidification, Eutrophication and Ground-level Ozone 
under UNECE Convention on Long-range Transboundary Air pollution (CLRTAP); ); EU NEC Directive (2016/2284/EU); 
Water Code of Russian Federation; Federal Act on the internal maritime waters, territorial sea and contiguous zone of 
the Russian FederationΤ Lah ŘŜǎƛƎƴŀǘŜŘ ǘƘŜ .ŀƭǘƛŎ {Ŝŀ ŀǎ ŀ έǎǇŜŎƛŀƭ ŀǊŜŀέ ŦƻǊ ǇŀǎǎŜƴƎŜǊ ǎƘƛǇǎ ǳƴŘŜǊ a!wth[ 
(International Convention for the Prevention of Pollution from Ships) Annex IV (on sewage from ships); EC Directive 
2000/59/EC on port reception facilities; NOx emission control area (NECA) in the Baltic and North seas designated by 
IMO. 
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Results and confidence 

Fulfilment of MAI in 2012-2014 and progress since the reference period (1997-2003) 

According to the revised HELCOM nutrient reduction scheme adopted in the 2013 HELCOM Ministerial 

Declaration (HELCOM 2013a) reduction requirements were set for nitrogen inputs to the Baltic Proper, Gulf 

of Finland and Kattegat and for phosphorus inputs to Baltic Proper, Gulf of Finland and Gulf of Riga.  

The Kattegat is the only sub-basin out of three with reduction targets for nitrogen inputs were met in 2012-

2014 (Key message figure 1 and Results table 1a). However, since the reference period (1997-2003), notable 

reduction of nitrogen input has been achieved to all sub-basins except the Gulf of Finland and Gulf of Riga, 

where the reductions are not statistically significant (Results figure 1). The highest reduction was observed 

to Kattegat and Danish Straights (21%) and the lowest to the Bothnian Bay and Gulf of Finland ς 9.0% and 

5.4, respectively (Results figure 1). 

  

Results table 1. The average normalized annual inputs of (a) nitrogen and (b) phosphorus during 2012-2014, the average 

normalized inputs during 2012-2014 including statistical uncertainty, the remaining reduction needed to reach MAI and 
inputs in 2012-2014 including statistical uncertainty in percentages of MAI. Classification of achieving MAI is given in 
colours: green=MAI fulfilled, yellow= fulfilment is not determined due to statistical uncertainty, and red=MAI not 
fulfilled. (Units in columns 2-5: tonnes per year).NOTE: For consistency with MAI no rounding (to tenth, hundreds or 
thousands) has been performed in the indicator. 
Table 1a. 

Baltic Sea Sub-basin MAI* N input 
2012-14 

2012-14 
statistical 

uncertainty 

N input 2012-
14 with stat. 
uncertainty 

Remaining 
reduction to 
reach MAI 

% of MAI input 
2012-14 with stat. 

uncertainty  

Classification 
of achieved 
reduction 

Bothnian Bay (BOB) 57622 55255 2910 58165  101   

Bothnian Sea (BOS) 79372 73859 4939 78798  99   

Baltic Proper (BAP) 325000 389108 25425 414533 89533 128   

Gulf of Finland GUF) 101800 119804 14298 134102 32302 132   

Gulf of Riga (GUR) 88417 81806 14420 96226  109   

Danish Straits (DS) 65998 54176 3417 57593  87   

Kattegat (KAT) 74000 66767 2973 69740 0 94   

Baltic Sea (BAS) 792209 840773 44393 885166 121835 112   

Table 1b. 
Baltic Sea Sub-basin MAI* P input 

2012-14 
2012-14 

statistical 
uncertainty 

P input 2012-
14 with stat. 
uncertainty 

Remaining 
reduction to 
reach MAI 

% of MAI input 
2012-14 with stat. 

uncertainty 

Classification 
of achieved 
reduction 

Bothnian Bay (BOB) 2675 2545 319 2864  107   

Bothnian Sea (BOS) 2773 2506 301 2807  101   

Baltic Proper (BAP) 7360 16011 1398 17409 10049 237   

Gulf of Finland (GUF) 3600 4413 2243 6656 3056 185   

Gulf of Riga (GUR) 2020 2444 293 2737 717 135   

Danish Straits (DS) 1601 1502 109 1611  101   

Kattegat (KAT) 1687 1483 152 1635  97   

Baltic Sea (BAS) 21716 30902 2675 33577 13822 155   

*As adopted by the 2013 HELCOM Copenhagen Ministerial Meeting (HELCOM 2013a) 
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None of the three sub-basins, the Baltic Proper, Gulf of Finland and Gulf of Riga, for which reduction targets 

for phosphorus inputs were set, fulfilled the requirements in 2012-2014 (Key message figure 1 and Results 

table 1b). However, reduction of phosphorus inputs was observed in all sub-basins except the Gulf of Riga. 

The highest input reduction since the reference period (1997-2003) of 50% was achieved to the Gulf of 

Finland (Results figure 1). However, a statistically significant reduction was achieved only to the Kattegat. The 

input of phosphorus to the Gulf of Riga has slightly increased by 3.2%, but the level of statistical uncertainty 

for the data on waterborne inputs to the Gulf of Riga is rather high. 

Compared to the first evaluation of MAI fulfilment (Svendsen et al., 2015), EMEP has revised the modelled 

nitrogen air deposition to the Baltic Sea for 1995-2012. This has led to an increase in the annual deposition 

to the Baltic Sea of 16 to 23%. The increase on annual nitrogen deposition to the individual sub-basins is 

between 9 and 27 %. 

  

Results figure 1. Reductions of average annual inputs of nitrogen (left) and phosphorus (right) achieved in 2012-2014 

since the reference period 1997-2003 (in %). The average annual inputs in 2012-2014 and in the reference period were 

ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ ƴƻǊƳŀƭƛȊŜŘ ŀƴƴǳŀƭ ŘŀǘŀΦ ¢ƘŜ ŀǊǊƻǿǎ ŀƴŘ ŎƻƭƻǳǊǎ ƛƴŘƛŎŀǘŜ ŘŜŎǊŜŀǎƛƴƎ όҨύ ŀƴŘ ƛƴŎǊŜŀǎƛƴƎ όҧύ ƛƴǇǳǘǎ ŀǎ 

well as the statistical significance of changes. 

Trends 

Normalization is used for the annual riverine and atmospheric inputs to reduce the impact of inter annual 

variations of the inputs caused by weather conditions (primarily variations in precipitation). With 
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normalisation the comparability of the inter-annual inputs increases, facilitating trend detection and also 

identification of effects of undertaken measures in the catchment areas. Without normalization, the effects 

could be disguised by large natural annual variation of precipitation and river flow. 

Trend analyses show that total inputs of nitrogen to the Baltic Sea from 1995 to 2014 decreased statistically 

significant with 22%. The reduction of nitrogen inputs was between 7-33% to the different sub-basins (Results 

table 2) and statistically significant to all except for the Bothnian Bay, Gulf of Finland and Gulf of Riga (Results 

figure 2). Total phosphorus inputs to the Baltic Sea also decreased statistically significant with 24%. The 

reduction was statistically significant to the sub-basins Bothnian Sea, Baltic Proper, Gulf of Finland, Danish 

Straits and Kattegat. The trend indicates an increase of total phosphorus input to the Gulf of Riga by 16%, 

but this trend is not statistically significant due to rather high uncertainty caused by high variability in 

reported phosphorus inputs. Phosphorus concentrations in the monitored river Vistula in 2014 were 

exceptionally high, which caused a break point in the time series for total phosphorus input to the Baltic 

Proper in 2012 and affected normalized input into the whole Baltic Sea. 

  

  

  



  

 

www.helcom.fi > Baltic Sea trends > Indicators  © HELCOM  6 

 

  

  

  

  



  

 

www.helcom.fi > Baltic Sea trends > Indicators  © HELCOM  7 

 

  

  

Results figure 2. Actual total air- and waterborne annual input of nitrogen (TN) and phosphorus (TP) to the Baltic Sea 
and sub-basins from 1995 to 2014 (tonnes). The normalized annual inputs of nitrogen and phosphorus are given as a 
black line. The trend line for normalized total nitrogen and phosphorus input is given as a grey line (solid line - 
statistically significant trend; dotted line - not statistically significant trend). The MAI as adopted by the 2013 HELCOM 
Copenhagen Ministerial Meeting (HELCOM 2013a) is shown as the bold dotted blue line.  

 

The trend analysis includes a test for breakpoints in the time series of total normalized annual nitrogen and 
phosphorus inputs 1995-2014. A break point in the trend has been identified for all basins except for total 
nitrogen to Gulf of Riga, Kattegat and the Baltic Sea and total phosphorus to Kattegat and the Baltic Sea.  

 

Results table 2. Percentage of change in annual airborne and waterborne normalized inputs of nitrogen and of total 
nitrogen and phosphorus normalized annual inputs to the Baltic Sea sub-basins and to the Baltic Sea from 1995 to 2014 
based on a statistical trend analysis. Statistical significant changes are indicated by bold letters.  

Sub-basin Change in airborne N 
inputs since 1995 (%) 

Change in waterborne 
N inputs since 1995 (%) 

Change in total N inputs 
since 1995 (%) 

Change in total P inputs 
since 1995 (%) 

Bothnian Bay -26 -1.9 -6,6 -23 

Bothnian Sea -28 -3.1 -13 -17 

Baltic Proper -27 -26.1 -27 -12 

Gulf of Finland -25 -8.0 -10 -56 

Gulf of Riga -26 -12.3 -14 16 

Danish Straits -26 -36.1 -33 -31 

Kattegat -31 -22.9 -25 -16 

Total Baltic Sea -27 -19.3 -22 -24 
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The total nutrient input to the Baltic Sea varies significantly depending on wet or dry weather conditions. For 

example, 2010 was a very wet year in the southern part of the Baltic Sea catchment area, hence the actual 

(non-normalized) nutrient inputs were very high to e.g. Baltic Proper (Results figure 2) and relatively high to 

the whole Baltic Sea. Additionally, atmospheric deposition was also rather high in 2010.  

Actual airborne and waterborne inputs in 2014 

In 2014, the average water flow was more than 8% lower than the average for 1995-2014, especially low was 

the flow to the Gulf of Riga (36%) and to the Baltic Proper (17%). On the other hand, the flow to the Kattegat 

(+12%) was comparatively higher than average for the considered period. The total input of nitrogen was 

about 758,000 tonnes, and the portion of atmospheric deposition was about 32%. The total phosphorus input 

to the Baltic Sea in 2014 was about 28,300 tonnes with a contribution of atmospheric deposition about 7% 

(Results table 3, Results figure 3). 

 

Results table 3. Annual average water flow as well as actual annual waterborne and airborne inputs of phosphorus and 
nitrogen to the Baltic Sea sub-basins in 2014. Average flow 1995-2014 is shown for comparison. 

Sub-basin 

 

Average flow 
1995-2014 

(m3/s) 

Flow 
(m3/s) 

Nitrogen (t) Phosphorus (t) 

Waterborne Airborne Total Waterborne Airborne Total 

Bothnian Bay 3394 3106 42908 8642 51550 2068 181 2249 

Bothnian Sea 2961 2667 41851 25793 67644 1664 394 2058 

Baltic Proper 3657 2972 202330 133509 335839 14255 1046 15301 

Gulf of Finland 3513 3462 96503 13384 109887 3862 150 4012 

Gulf of Riga 1095 704 50251 9572 59823 1470 93 1564 

Danish Straits 221 209 31902 25208 57110 1376 105 1481 

Kattegat 1096 1227 52748 23474 76222 1545 118 1663 

Total 15847 14346 518,494 239,582 758076 26240 2088 28328 

 



  

 

www.helcom.fi > Baltic Sea trends > Indicators  © HELCOM  9 

 

  
 
Results figure 3. The total actual inputs of water- and airborne nitrogen (left) and phosphorus (right) from HELCOM 
countries to the Baltic Sea in 2014.  

 

Confidence of the indicator status evaluation 

The confidence is affected by the certainty of the quality of the nutrient input data, the trend in the inputs 

and the uncertainty of MAI, in relation to how far the nutrient inputs are from MAI: 

The confidence of the assessment is overall high, but can be further detailed as: 

¶ High for basins with nutrient reduction requirements: nitrogen in Kattegat, Gulf of Finland and Baltic 

Proper and for phosphorus to Baltic Proper, Gulf of Finland and Gulf of Riga. 

¶ Moderate for phosphorus to Bothnian Sea and nitrogen to Danish Straits due to limitations in the 

MAI calculation. 
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Good environmental status 

Environmental Target and progress towards GES 

The environmental targets for nutrient inputs are the maximum allowable inputs (MAI) of the HELCOM 

nutrient reduction scheme (Good environmental status table 1). The MAI indicate the maximal level of annual 

inputs of water- and airborne nitrogen and phosphorus to Baltic Sea sub-basins that can be allowed while 

still achieving good environmental status (GES) in terms of eutrophication.  

A provisional nutrient reduction scheme was adopted in the HELCOM Baltic Sea Action Plan (HELCOM 2007). 

The presented MAI were revised based on improved scientific basis and models, and were adopted by the 

2013 HELCOM Copenhagen Ministerial Meeting (HELCOM 2013a).   

 

Good environmental status table 1. Maximum allowable annual inputs (MAI) of nitrogen and phosphorus to the Baltic 

Sea sub-basins. 

Baltic Sea Sub-basin Maximum allowable annual 
nitrogen inputs (tonnes) 

Maximum allowable annual 
phosphorus inputs (tonnes) 

Bothnian Bay 57,622 2,675 

Bothnian Sea 79,372 2,773 

Baltic Proper 325,000 7,360 

Gulf of Finland 101,800 3,600 

Gulf of Riga 88,417 2,020 

Danish Straits 65,998 1,601 

Kattegat 74,000 1,687 

Baltic Sea  792,209 21,716 

 

MAI was calculated by the Baltic Nest institute (BNI) - Sweden using the coupled physical-biogeochemical 

model BALTSEM. Obtaining MAI is formally an optimization problem: finding the highest possible inputs that 

will still satisfy given eutrophication targets (e.g. GES boundaries for eutrophication indicators).  

The basin-wise MAI, were obtained by satisfying all eutrophication targets in all basins, taking into account 

ecological relevance and model accuracy. More details are provided in Gustafsson, B.G & Mörth, C.M, 

(document 2-43 HOD 41-2013). 

For basins without additional reduction requirements, the 1997-2003 averaged normalized inputs obtained 

within the PLC 5.5 project are used as MAI. For more information, see HELCOM 2013b. 

The uncertainty in the determination of MAI can be divided into three sources: uncertainty in the 

eutrophication targets, uncertainties associated with model shortcomings and uncertainties in the input data 

to the calculation. The confidence in the eutrophication targets has been classified as moderate or high, 

depending on the variable (HELCOM 2013c). It is straightforward but laborious to explore how MAI varies 

with changes in target values from the pressure-response relationships (i.e., the model derived change in 

target values for a given change in nutrient inputs). The laborious aspect arises from the numerous 

combinations of uncertainty that can arise if many indicator values and basins are simultaneously taken into 

http://www.balticnest.org/baltsem
http://helcom.fi/helcom-at-work/projects/completed-projects/plc-5-5/
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account. However, the impression is that the nitrogen target causes the largest uncertainty in determination 

of MAI for most basins. Reasons are that in most cases there are no, or only few, trustworthy measurements 

to indicate the pre-eutrophied situation and also because the relationship between nitrogen input and 

concentrations in sea waters is rather weak in basins featuring hypoxia and strong nitrogen limitations (i.e. 

the Baltic Proper and the Gulf of Finland) because of large internal feedback from nitrogen fixation and 

denitrification. 

When calculating MAI, attempts have been made to take into account biases in BALTSEM by discarding 

indicators in basins were they are not adequately modelled, and by raising a concern of whether MAI is really 

trustworthy because of model deficiency/bias.  

Note: both MAI and CART calculations are affected by the input data to the model. If input data are 

inconsistent, it may cause over- or underestimation of MAI and CART, and thus an unfair distribution of 

reduction requirement between countries. 
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Assessment protocol 

Data sources 

The HELCOM Contracting Parties annually report waterborne inputs of nitrogen and phosphorus from rivers 

and direct point sources to Baltic Sea sub-basins. Data on atmospheric emissions and monitored atmospheric 

deposition are submitted by countries to the Co-operative programme for monitoring and evaluation of the 

long-range transmission of air pollutants in Europe (EMEP), which subsequently compiles and reports this 

information to HELCOM. In accordance with Recommendation 37-38-1 ά²ŀǘŜǊōƻǊƴŜ Ǉƻƭƭǳǘƛƻƴ ƛƴǇǳǘ 

assessment (PLC-²ŀǘŜǊύέ, sources of nutrients input are assessed every six year. 

Nutrient input data can be viewed in HELCOM PLC reports (e.g. HELCOM 2012, HELCOM 2013d and HELCOM 

2015).  

Trend analysis and statistical processing 

As part of the HELCOM PLC-6 and MAI CART OPER projects the trend analysis was carried out by DCE, Aarhus 

University (Denmark), with Mann-Kendall methodology (Hirsch et al. 1982) on: 

¶ annual flow normalized riverine inputs (A) 

¶ point sources discharging directly to the sea (direct inputs) (B) 

¶ flow normalized waterborne inputs (C = A+B) 

¶ normalized airborne inputs (D) 

¶ total normalized inputs (E = C+D) of nitrogen and phosphorus 

for all relevant combinations of Contracting Parties and sub-basins of the Baltic Sea. Where there is a 

significant trend, the annual changes were determined with a Theil-Sen slope estimator (Hirsch et al., 1982) 

and the change from 1995 to 2014 was calculated. The methodology has been agreed on by HELCOM LOAD 

(more information on trend analysis and determining the changes in input can be found in Larsen & Svendsen 

2013). Compared to the first evaluation of MAI fulfilment also a test for break points has been performed for 

all sub-basins of the Baltic Sea. The breakpoints were identified using an iterative statistical process, which 

determines the most significant break point. If a break point is identified, the time series is divided into at 

least 2 segments, and trends are tested for each segment of the series.  

The evaluation of MAI fulfilment is based on comparing MAI for each basin and the Baltic Sea with the 

average of normalized annual total nitrogen and phosphorus inputs of 2012-14 including uncertainty on 

these inputs (Results table 2). In the first evaluation of MAI fulfilment uncertainty of average of 2010-2012 

normalized inputs was estimated from the variation of the 3 year inputs around the average. In the present 

assessment the uncertainty of the average 2012-14 input is estimated based on the analysis of trends for the 

whole time series 1995-2014. 

For information about normalization of airborne and flow normalization of waterborne input data, see 

Annexes 9.3 and 9.4 of the PLC-5.5 report (HELCOM 2015) and Larsen and Svendsen (2013). 

  

http://helcom.fi/Recommendations/Rec%2037-38-1.pdf
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Assessment units 

Nutrient input data have been compiled in accordance with PLC guidelines for the following nine sub-basins: 

Bothnian Bay, Bothnian Sea, Archipelago Sea, Gulf of Finland, Gulf of Riga, Baltic Proper, Western Baltic, The 

Sound and Kattegat. The boundaries of the sub-basins coincide with the main terrestrial river basin 

catchments. 

The BALTSEM model has divided the Baltic Sea into seven sub-basins in accordance with natural marine 

boundaries and hence the MAIs have been calculated for the following seven sub-basins: Kattegat, Danish 

Straits, Baltic Proper, Bothnian Sea, Bothnian Bay, Gulf of Riga and Gulf of Finland. In the BALTSEM sub-

division, the Bothnian Sea includes the Archipelago Sea area and the Danish Straits combine Western Baltic 

and The Sound. 

The entire Baltic Sea is covered by the assessment.  

 

  




