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Background 

The revised document is updated in order to reflect the results as presented in the updated HELCOM core 

indicator on nutrient inputs (document 4-11).  

- Changes in the text as compared to Chapter 4.1 as presented in document 4-16 are highlighted in 

yellow. 

- Figures 4.1.3 and 4.1.4 are updated. 

 

Action requested 

Pending the decision on the draft core indicator report in document 4-11, the Meeting is invited to consider 

and agree on the updated version of chapter 4.1 as proposed in this document to be included in the “State 

of the Baltic Sea” report.  

 



CHAPTER 4.1 EUTROPHICATION 

The Baltic Sea still suffers from eutrophication. Excessive input of nutrients to the marine environment enhances the 

growth of phytoplankton, leading to reduced light conditions in the water, oxygen depletion at the sea floor (as 

excessive primary producers are degraded), and a cascade of other ecosystem changes. 97% of the region was 

assessed as eutrophied in 2011–2016 according to the integrated status assessment. Nutrient inputs from land have 

decreased as a result of regionally reduced nutrient loading, but the effect of these measures are not yet detected by 

the integrated status assessment. Although signs of improvement are seen in some areas, effects of past and current 

nutrient inputs still predominate the overall status. 

Eutrophication, or increase in the supply of organic matter to an ecosystem through nutrient enrichment, is 

induced by excessive availability of nitrogen and phosphorus for primary producers (algae, cyanobacteria and 

benthic macrovegetation). Its early symptoms are enhanced primary production, which is expressed through 

increased chlorophyll-a concentrations in the water column and/or the growth of opportunistic benthic algae, as 

well as changes in the metabolism of organisms. The increased primary production may lead to reduced water 

clarity and increased deposition of organic material, which in turn increase oxygen consumption at the sea floor 

and may lead to oxygen depletion. These changes may in turn affect species composition and food web 

interactions (as species that benefit from the eutrophied conditions are favoured directly or via effects on habitat 

quality and feeding conditions; Cloern 2001). 

Inputs of the nitrogen and phosphorus have been increasing for a long time in the Baltic Sea, mainly between the 

1950s and the late 1980s (Figure 4.1.1, Gustafsson et al. 2012), causing eutrophication symptoms of increasing 

severity to the ecosystem (Larsson et al. 1985, Bonsdorff et al. 1997, Andersen et al. 2017). As a response to the 

deteriorating development, actions to reduce nutrient loading were agreed on by the 1988 HELCOM Ministerial 

Declaration, and reaching a Baltic Sea unaffected by eutrophication is included as one of the main goals of the 

Baltic Sea Action Plan (BSAP; HELCOM 2007). Maximum Allowable Inputs (MAI) for the whole Baltic Sea and each 

sub-basin, and Country-Allocated Reduction Targets (CART) were set in 2007, and updated in the 2013 HELCOM 

Ministerial Declaration (HELCOM 2013).  

Several HELCOM eutrophication assessments have been carried out since the agreement of the Baltic Sea Action 

Plan, to follow-up on the status of eutrophication of the Baltic Sea (HELCOM 2009, 2010, 2014, See also Box 4.1.1). 

The current assessment covers the situation during years 2011-2016. This report presents the integrated 

assessment results for this time period, the indicators that were used, and the method for integrated assessment 

using the HEAT 3.0 tool. A summary of the results is also presented in Chapter 4.1 of the ‘State of the Baltic Sea’ 

(HELCOM 2017a), hence providing input to the second holistic assessment of the ecosystem health of the Baltic 

Sea. In comparison to the State of the Baltic Sea report, the current report shows more detailed assessment 

outputs with respect to numerical results for assessment units, indicators, and changes over time.  



 

In comparison to previous HELCOM eutrophication assessments, some new indicators are included, enhancing the 

coverage of assessment criteria. For other indicators, threshold values for evaluating status have been refined, 

leading to an approach which increasingly enables evaluation of progress towards improved status. 

Box 4.1.1 HELCOM work on eutrophication 

HELCOM has been a major driver in the regional approaches to reduce nutrient loads to the Baltic Sea. The 

management of the Baltic Sea eutrophication has been advanced with the Baltic Sea Action Plan (HELCOM 

2007), which includes a complete management cycle aiming for specified improved conditions in the Baltic Sea, 

based on the best available scientific information and a model-based decision support system. 

Core indicators with associated threshold values representing good status with regard to eutrophication are 

established primarily from monitoring data, which are interpreted through statistical analysis. The threshold 

values applied in this assessment were established based on scientific proposals from the HELCOM TARGREV 

project (HELCOM 2013), where statistical breakpoints were identified from historical datasets and hind cast 

modelling simulations extending back to the beginning of the 1900s. The scientific proposals were adjusted by 

HELCOM experts based on other relevant information, such as Water Framework Directive class boundaries in 

coastal waters, and adopted by the HELCOM Heads of Delegation (HELCOM 2012 and others). 

In a following step, the relationships between changes in the inputs of nutrients to the Baltic Sea and the core 

indicators are established by physical-biogeochemical modelling. These relationships differ across sub-basins 

because of differences in water circulation, ecosystem characteristics, and inputs, for example. The model 

results give estimates of the maximum allowable input of nutrients to the different sub-basins in order for the 

core indicators to achieve their threshold values over time, recognizing that this might take many years. 

The input reductions necessary to reach the basin-wise maximum inputs of nutrients are allocated to the 

HELCOM countries as country-wise reduction targets. In addition, certain reduction potential is indicated for 

upstream countries and distant sources (HELCOM 2013). The allocation is done according to the ‘polluter pays’ 

principle of the Helsinki Convention. Progress in reaching nutrient reduction targets is evaluated based on 

annual compilations of the nutrient inputs to the Baltic Sea (HELCOM Pollution Load Compilation). 

 

Nutrient inputs to the Baltic Sea 

Eutrophication was first recognized as a large-scale pressure of the Baltic Sea in the early 1980s, and in part 

attributed to anthropogenic nutrient loading (HELCOM 1987, 2009). Actions to reduce nutrient loading in the 

order of 50% were agreed on by the 1988 HELCOM Ministerial Declaration, and reaching a Baltic Sea unaffected 

by eutrophication was identified as one of the goals of the Baltic Sea Action Plan in 2007 (HELCOM 2007, 1988).  

Since the 1980s, nutrient inputs to the Baltic Sea have decreased, and in some sub-basins strong reductions have 

taken place. Currently, waterborne nitrogen inputs to the Baltic Sea are at the level that they were in the 1960s, 

and the phosphorus inputs at the level of 1950s (Figure 4.1.1). During the latest three-year period of follow-up, 

2012-2014, the total nitrogen input to the Baltic Sea was 12% larger than MAI, whereas phosphorus input remained 

higher, 55 % above the threshold value (HELCOM 2017b). 



 

 

Figure 4.1.1. Temporal development of waterborne nutrient inputs to the Baltic Sea from 1900 to 2014 with total inputs of total 

nitrogen to the left and of total phosphorus to the right. The green line shows the Maximum Allowable Inputs (MAI). Sources: 

HELCOM (2015a, 2017b), Gustafsson et al. (2012), Savchuk et al. (2012).  

The current annual total input of nutrients to the Baltic Sea amounts to about 826,000 tonnes of nitrogen and 30,900 

tonnes of phosphorus (HELCOM 2018). The most of the input is riverine, for both nitrogen and phosphorus (Figure 

4.1.2). Atmospheric inputs account for about 30 % of the total nitrogen inputs (HELCOM 2018), originating mainly 

from combustion processes related to shipping, road transportation, energy production, and agriculture (HELCOM 

2010b). The relatively largest decreases in the inputs of nitrogen and phosphorus over the past decades have 

occurred in the direct sources, which currently account for 4-5 % of the total loads (Figure 4.1.2, HELCOM 2018). 

The atmospheric inputs of nitrogen have decreased by between 25 and 31 % during 1995-2014 in all sub-basins 

(HELCOM 2017b). The decrease in waterborne nitrogen inputs is more variable, ranging from 2 % in the Bothnian 

Bay to 36 % in the Danish Straits.  

Natural sources constitute about one third of the riverine inputs of nitrogen and phosphorus to the Baltic Sea (Figure 

4.1.2; HELCOM 2018). Major part of the anthropogenic part originates from diffuse sources, mainly agriculture, while 

point sources, dominated by municipal waste water treatment plants, contribute with around 12% and 24 % of the 

riverine nitrogen and phosphorus loads, respectively.  



 

 

Figure 4.1.2. Sources of nitrogen and phosphorus loads to the Baltic Sea in 2014 .Source: HELCOM 2018. 

Nutrient reduction targets for sub-basins 

Based on the revised Maximum Allowable Inputs (MAI) for seven sub-basins of the Baltic Sea within the HELCOM 

nutrient reduction scheme, reduction of inputs of nitrogen was needed in three sub-basins (HELCOM 2013b). Of 

these, the MAI has been fulfilled in the Kattegat, whereas the about 30 % reduction are still required for nitrogen 

input to the Gulf of Finland and Baltic Proper (HELCOM 2018z). In the remaining four sub-basins, nitrogen inputs 

have remained within or close to Maximum Allowable Inputs (Figure 4.1.3).  

Reduction of phosphorus inputs was set for three sub-basins: the Baltic Proper, the Gulf of Finland and the Gulf of 

Riga (HELCOM 2013b, 2017b). In all three cases, reductions are seen but notable further reductions are still needed 

in order to reach the allowable levels (Figure 4.1.3). So far, the most pronounced results are seen for the Gulf of 

Finland, where the phosphorus input has been cut with than half compared to the reference period (Figure 4.1.4). 

This reduction has been attributed to improved waste water treatment in St. Petersburg and actions to prevent 

phosphorus release from a fertilizer factory in the catchment of river Luga (Raateoja & Setälä 2016). 



 

 

Figure 4.1.3. Progress of nutrient reductions in the Baltic Sea in relation to maximum allowable inputs (MAI), based on the 

evaluation for year 2015 (HELCOM 2018yz). The targets are set by sub-basin for nitrogen and phosphorus. The maximum 

allowable input differs between sub-basins, as showed by the numbers. 

Overall, the normalized input of nitrogen was reduced by 12 % and of phosphorus by 25 % between the reference 

period (1997-2003) and 2015 (HELCOM 2018z). The strongest relative changes over the past decades are seen in 

the Kattegat and the Danish straits for nitrogen input and in the Gulf of Finland for phosphorus input (Figure 4.1.4). 



 

  

Figure 4.1.4. The inputs of nitrogen and phosphorus to the Baltic Sea sub-basins have decreased significantly in recent years. 

The drop shapes show the relative change in annual average normalised net nutrient input to the sub-basins, including riverine, 

direct and airborne inputs comparing the year 2015 with the reference period 1997–2003. Drop shapes pointing downwards 

show sub-basins where inputs have decreased, and the brown shape pointing upwards show sub-basins where inputs have 

increased. The size of each drop shape is proportional to the amount of change. Significance is determined based on trend 

analyses. Source: HELCOM (2018z). 

 

[Chapter continues with status assessment results. No changes to the remaning parts of the chapter] 




