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Background 
The assessment of eutrophication status, using indicators and the integrated assessment, will be updated in 
the final version of the ‘State of the Baltic Sea’ report by June 2018  (Chapter 4.1) and the eutrophication 
assessment supplementary report by the addition of data from 2016 (Currently, data from 2011-2105 are 
included).  
 
In addition to any changes in the assessment results due to the data update, some additional changes are 
foreseen to the way of presenting the results, based on comments from HOD 52-2017 (summarized in 
chapter 8 of the first version of the ‘State of the Baltic Sea’ report, see also document 3-1). Further, responses 
from the HOLAS II expert review of the supplementary reports will be considered (see document 3-2).  
 
Based on the feedback received so far, the following revisions are under consideration:  
 

1) Highlight changes in nutrient inputs.  
a. This would be achieved by adding recently available assessment results on Maximum 

Allowable Input (MAI) and potentially information on source allocation, based on the Sixth 
Pollution Load Compilation, PLC-6.  

b. Possibly, a follow-up on country allocated reduction targets (CART) could be included in the 
supplementary report, as long as finalized on time and so decided by the Contracting 
Parties. 
 

2) Improve the figures showing changes over time.   
a. Data will be updated and could be shown for the sub-basins of the HOLAS assessment 

(instead of Targrev sub-basins)  
b. Information on the significance of the trends could be added, assessed for an interval of 

years that can be compared for many of the eutrophication indicators: 1990-2016 
c. The possibility to also include time-series data on for the Cyanobacterial bloom index is 

being investigated. 
 

3) Describe shortly  the possible influence of major saline inflows, internal loading and precipitation 
on variability in nutrient concentrations 
 

4) Clarification to the texts where needed, based on feedback on the supplementary report so far.  
 
This document outlines a first draft of these revisions. Text that is subject to change, in comparison to the 
first version of the State of the Baltic Sea Report, is highlighted in yellow. Annex 1 shows a proposal for 
updated figures on time series data to also show if there is a significant change over time.  
 
Changes that will come later from the data update and updated integrated assessment have not been 
highlighted yet. 
 

http://stateofthebalticsea.helcom.fi/pressures-and-their-status/eutrophication/
http://stateofthebalticsea.helcom.fi/wp-content/uploads/2017/09/HELCOM_The_integrated_assessment_of_eutrophication_Supplementary_report_first_version_2017.pdf


In addition, the update is foreseen to consider input from IN-EUTRO. Hence, HOLAS II 8-2017 may also want 
to consider the Outcome of the IN-EUTRO online meeting of 8 November 2017, when this is available. Aspects 
under consideration by the eutrophication expert network include potential improvements to the confidence 
assessment methodology of the integrated assessment, data updates including a review of the open sea 
assessment dataset for 2011-2016 and coastal indicator results to be used for 2018 update, as well as the 
potential to utilize further developments of the operational indicators in the 2018 update of the ‘State of the 
Baltic Sea’ report. IN-EUTRO will also consider the proposal and test results on applying Ferrybox data in the 
update of the Chlorophyll-a indicator, and recommend the application of the changes, which is to be 
approved inter-sessionally by State & Conservation for use in the updated version of HOLAS II. 
 
Action requested 
The Meeting is invited to propose how the presentation of the eutrophication assessment results should be 
improved in the final version of the ‘State of the Baltic Sea’ report.  
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EUTROPHICATION 
“Regional work to reduce eutrophication is ongoing. Targets for maximum allowable inputs, set upon agreements in 

the Baltic Sea Action Plan [updated MAI results to be added]. The decrease ind loading has led to signs of recovery 

especially in the western Baltic Sea, where the nitrogen concentrations and chlorophyll-a concentrations have 

decreased significantly from the 1990es to the present. However, the Baltic Sea still suffers from eutrophication. 

Based on the integrated assessment of indicators of nutrient concentrations, direct and indirect effects of 

eutrophication, 97 % of the region was eutrophied in 2011–2015, showing that effects of past and current nutrient 

inputs still predominate the overall status”  

 

Eutrophication is triggered by excessive presence of nitrogen and phosphorus for primary producers (algae, 

cyanobacteria and benthic macrovegetation). Its early symptoms are increased primary production (expressed 

through increased chlorophyll-a concentrations in the water column or growth of opportunistic benthic algae) 

and changes in the metabolism of organisms. The increased primary production leads to reduced water clarity 

and increased deposition of organic material which in turn increases 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). 

Nutrient inputs  

Concentrations of the nitrogen and phosphorus increased in many areas of the Baltic Sea up until the late 1980s due 

to increased nutrient loading from land since the 1950s onwards (Figure 4.1.1, Gustafsson et al. 2012). The increase in 

nutrient concentrations was accompanied by increasing severity of symptoms in the ecosystem (Larsson et al. 1985, 

Bonsdorff et al. 1997, Andersen et al. 2017). In the early 1980s, clear signs of eutrophication of the Baltic Sea were 

recognized and in part attributed to anthropogenic nutrient loading (HELCOM 1987, 2009). As a response to the 

symptoms, actions to reduce nutrient loading in the order of 50 % were agreed by 1988 Ministerial Declaration. . . 

Nutrient inputs to the Baltic Sea have significantly decreased since the late 1990s, and in some sub-basins strong 

reductions have taken place (Figure 4.1.1-2, Box 4.1.2). 
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Figure 4.1.1. Temporal development of waterborne inputs of total nitrogen (left) and total phosphorus (right) to the Baltic Sea. 
Sources: HELCOM (2015d, 2017b), Gustafsson et al. (2012), Savchuk et al. (2012). 

Reaching a Baltic Sea unaffected by eutrophication is one of the goals of the Baltic Sea Action Plan (BSAP) (HELCOM 

2007). To reach this goal, Maximum Allowable Inputs (MAI) and Country-Allocated Reduction Targets (CART) were 

set in 2007, and updated in the 2013 HELCOM Ministerial Declaration. During the reference period in 1997-2003, 

nitrogen inputs fulfilled the MAI in three sub-basins (the Bothnian Bay, the Bothnian Sea and the Gulf of Riga) and 

phosphorus inputs in four sub-basins (the Bothnian Sea, the Bothnian Bay, Danish Straits and the Kattegat).  In 2012-

2014.  [To be added: updated results for MAI including a NEW FIGURE possibly with pie charts showing the share and 

size of realised reduction (of MAI) per sub-basin].  

 Currently, the total flow normalized inputs of nutrients amount to [802 000] tonnes of nitrogen and [32 200] tonnes 

of phosphorus per year (2010; PLC5.5). Atmospheric inputs of nitrogen account for about 30 % of the total nitrogen 

inputs and originate mainly from combustion processes related to shipping, road transportation, and energy 

production, and agriculture. Atmospheric inputs of phosphorus account for only about [5%] of the total phosphorus 

inputs. Waterborne inputs of both nutrients are highest in areas of intensive agriculture and land-use, and 

waterborne inputs of phosphorus also relate to high population densities. Point sources contribute only about [3-5] 

% of the waterborne nutrient inputs but are important in the small sub-basins, namely the Archipelago Sea and the 

Sound. Atmospheric inputs of N have decreased [25-31] % in all sub-basins, whereas the change in waterborne 

nitrogen inputs ranges from [2] % in the phosphorus limited Bothnian Bay where nitrogen reductions have not been 

considered necessary to 36 % in the Danish Straits (HELCOM 2017b).  [Values in the paragraph will be updated with 

new PLC6 values] 

 

 [text from here has been moved, see below] 
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Figure 4.1.2. The inputs of nitrogen and phosphorous 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 years 2012–2014 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 the whole series of 
observations, starting from 1995. Source: HELCOM 2017b. 

Indicators used in the assessment 

Several eutrophication assessments have been carried out since the BSAP agreement (HELCOM 2009, 2010a, 2014a). 

Compared to previous HELCOM eutrophication assessments, this assessment included was conducted with some 

new indicators and refined threshold values for evaluating status, leading to an approach which increasingly enables 

evaluation of progress towards improved status. 

Eutrophication status was evaluated in open-sea areas by assessing core indicator within three criteria: nutrient 

levels, direct effects and indirect effects of eutrophication (Core indicator reports: HELCOM 2017c-k).  

To asses nutrient levels, core indicators on the concentrations of nitrogen and phosphorous, which primary 

producers need for growth, were used. Dissolved inorganic nitrogen and phosphorous are directly utilizable for 

phytoplankton, and are measured in the winter season when primary productivity is low. Measurements of total 

nitrogen and total phosphorous also include nutrients that are bound in phytoplankton, or in particles in the water. 

Thus, they describe the total level of nutrient enrichment in the sea. Including estimates of total nutrients makes it 

possible to take climate change into account in the assessment, since increased winter temperatures are expected to 
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lead to the production of phytoplankton all year round, and thus to higher shares of nutrients being bound in 

phytoplankton biomass compared to dissolved forms. 

To assess the direct effects of eutrophication, indicators on chlorophyll-a concentrations and water clarity (measured by the 

indictor ‘Secchi depth during summer’) were used. In addition, the ‘Cyanobacterial bloom index’ was included as a test indicator. 

 To assess indirect effects of eutrophication, the core indicator ‘Oxygen debt’ was used. This core indicator measures the 

volume-specific oxygen debt, which is the oxygen debt below the halocline divided by the volume. Hence, the indicator 

estimates how much oxygen is ’missing’ from the Baltic Sea deep water. In addition, the indicator ‘State of the soft-bottom 

macrofauna community’1 was used to assess indirect effects of eutrophication in the open sea Gulf of Bothnia. 

The coastal areas in eight countries were assessed by national indicators used in the Water Framework Directive, 

used to evaluate biological quality elements such as phytoplankton (chlorophyll-a), benthic invertebrate fauna and 

macrophytes (macroalgae and angiosperms), and supporting physical and chemical elements such as concentrations 

of nitrogen, phosphorus, and water clarity. Different indicators were used in different countries. 

The integrated assessment of eutrophication was done using the HEAT 3.0 tool which aggregates the indicator 

results into a quantitative estimate of overall eutrophication status (Supplementary report: HELCOM 2017B). 

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 is interpreted through statistical analysis. 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 2013d). 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). 

                                                      

1 Included as a test indicator. 
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Integrated status assessment 

The updated integrated eutrophication status assessment for 2011–2015 shows that the Baltic Sea is still affected by 

eutrophication (Figure 4.1.3). Out of the 247 assessment units included in the HELCOM assessment covering both 

coastal and open water bodies, only 17 achieved good status, showing that 97 % of the surface area in the Baltic Sea, 

from the Kattegat to the inner bays, is eutrophied2 (Figure 4.1.3). About 15 % of the surface area had eutrophication 

ratios in the category furthest away from good status. Only a few coastal areas are unaffected by eutrophication. 

In most of the open-sea areas, good status was not achieved for any of the three categories of eutrophication 

indicators (nutrient levels, direct and indirect effects)(Figures 4.1.4–4.1.5). Nutrient levels were in good status only in 

the Great Belt, and direct effects in the Kattegat (Figure 4.1.4). Indirect effects were in good status in the Bothnian Sea 

and the Quark, which cover 18 % of the open-sea area (Figures 4.1.4–4.1.5). The nutrient levels were generally 

furthest away from good status, and thus had highest overall influence on the integrated assessment results. 

Integrated eutrophication ratios had improved in only one but deteriorated in seven of the 17 open-sea assessment 

units since the last five year period (2007–2011), whereas a long-term analysis using HEAT 3.0 indicated improving 

eutrophication status since the mid-1990s in the westernmost parts of the Baltic Sea: the Kattegat, Danish Straits and 

Arkona Basin (Andersen et al. 2017). Short term changes in the eutrophication ratio can in part be attributed to 

strengthening of the anthropogenic effects by natural variability. Past nutrient inputs have enhanced anoxia and led 

to excess nutrients in the deep water of the central Baltic Sea. Saline inflows may lead to intrusions of nutrient-rich 

deep water from the Central Baltic Sea to adjacent areas and, via enhancing anoxia, enhance the release of 

phosphorus from the sediments in the receiving areas. A notable major saline inflow occurred in December 2014 

(Box 1.1), resulting in increased phosphorus concentrations in the western part of the Gulf of Finland (Finnish 

Environment Institute 2016a). This internal loading may have dampened the response of phosphorus concentrations 

to the strongly decreased anthropogenic loading in the eastern Gulf of Finland in recent years. In the Russian coastal 

waters the phosphorus concentrations have clearly decreased (Finnish Environment Institute 2016b).  

Moreover, nutrient loading depends strongly on runoff, which is largely determined by precipitation.  In years of high 

precipitation, more nitrogen and phosphorus erodes from land than in dryer years. In the Gulf of Bothnia, runoff was 

on average 12 % higher in 2011-2015 than in 2007-2011, and in 2015 among the highest recorded since 1950 

(HELCOM 20173), probably contributing to the nutrient concentrations in the northern sub-basins. In the future, the 

climate change will increasingly contribute to the eutrophication, and may affect the level of needed nutrient 

                                                      

2 Results showing % of sea area in good status within separate national territories is provided in HELCOM (2017B). 
3 to be added to reference list: HELCOM 2017: Total and regional runoff to the Baltic Sea. Baltic Sea Environment 

Fact Sheet. Online [18.10.2017] http://www.helcom.fi/baltic-sea-trends/environment-fact-sheets/hydrography/total-

and-regional-runoff-to-the-baltic-sea/ 
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reductions (Box 4.13).   Most coastal areas in the Baltic Sea failed to achieve good status based on two categories, 

nutrient levels and direct eutrophication effects, with exceptions mainly in the coastal areas of the Gulf of Bothnia and 

the Kattegat (Figure 4.1.4). Indirect effects achieved good status in many of the coastal areas, including the Swedish 

and Estonian coasts and Finnish coast of the Bothnian Sea. 

 
Figure 4.1.3. Integrated status assessment of eutrophication. Each assessment unit shows the status of the criteria group in the 
worst status (see Table 4.1.1). Note that the integrated status of Swedish coastal areas in the Kattegat differs from 
corresponding results in the OSPAR intermediate assessment. In coastal areas HELCOM utilises national indicators used in the 
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Water Framework Directive to arrive at status of coastal assessment units for eight countries4. White areas denote that data has 
not been available for the integrated assessment

5
. 

   

Figure 4.1.4. Integrated status assessment results for eutrophication, shown by criteria groups: left: nutrient levels, middle: direct 
effects, right: indirect effects. Note that the integrated status of Kattegat coastal areas differs from corresponding results in the 
OSPAR intermediate assessment

6
. In coastal areas HELCOM utilizes national indicators used from the Water Framework Directive 

to arrive at status of coastal areas assessment units for eight countries. 
7
. White areas denote that data has not been available for 

the integrated assessment 

 

                                                      

4 Danish coastal water WFD-classification differs from the open sea classification. Hence, the colours are not directly comparable. 
5 The Gdansk Basin has been assessed solely with Polish data. 
6 Danish coastal water WFD-classification differs from the open sea classification. Hence, the colours are not directly comparable. 
7 The Gdansk Basin has been assessed solely with Polish data. 
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Figure 4.1.5. Proportion of open sea areas in the HELCOM region in each of the five status categories of the integrated assessment 
of eutrophication. White denotes areas not assessed due to lack of indicators (see Table 4.1.1). 

Core indicator results 

Table 4.1.1 shows the core indicator results for eutrophication in the open sea, and the integrated status assessment 

result for each of the open sea sub-basins. Long term trends ofin the indicators are based on data presented in 

HELCOM (2013) and updated for years 2011-2016 following the sub-basin division of the former report (11 sub-basins; 

Figures 4.1.6-4.1.10) [Figures and text to be updated, updated figures for the sub-basins of the current report will be 

aimed for]. Significance of the long term trends were estimated with Mann-Kendall non-parametric test for 

monotonic trends for years from 1990 to the present, presenting roughly the period of decreasing nutrient inputs 

(Fig. 4.1.1).   

Table 4.1.1. Core indicator results for eutrophication in the open sea, and the integrated status assessment result by sub-basin (IA 
status, shown in the last column). Green cells denote good status and red not good status. The arrows reflect if the eutrophication 
ratio (of the indicator or integrated status, as estimated in HEAT) has changed since the last eutrophication assessment, 
comparing years 2007–2011 with 2011–2015. A change equal to or more than15 % was considered to be substantial. Upward 
arrows ↗ indicate an increased eutrophication ratio between the two periods (deteriorating condition), downward arrows ↘ 
indicate a decreased ratio (improving condition), and ↔ indicates less than 15 % difference between the two compared time 
periods. This information is not available for the core indicator ‘State of the soft bottom macrofauna community’ (Zoob). White 
cells denote that the sub-basin was not assessed due to the lack of agreed threshold value or commonly agreed indicator 
methodology. An ‘N’ in a white cell is shown for cases where the indicator is not applicable. Abbreviations used in the table: DIN = 
‘Dissolved inorganic nitrogen’, TN= ‘Total nitrogen’, DIP= ‘Dissolved inorganic phosphorus’, TP = ‘Total phosphorus’, Chla= 
‘Chlorophyll-a’, Secchi= ‘Secchi depth during summer’, Cyano = ‘Cyanobacterial bloom index’, and O2 = ‘Oxygen debt’. Indicators 
marked * have not been adopted in HELCOM yet and are currently tested. The indicator ‘State of the soft-bottom macrofauna 
community’ was only included in the Gulf of Bothnia. For more details, see core indicator reports: HELCOM 2017c-k.  

Assessment unit Core indicator results 
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Nutrient levels Direct effects Indirect 
effects 

IA 
status 

DIN TN DIP TP Chla Secchi Cyano* O2 Zoob* 
Dec–
Feb 

All 
year 

Dec–
Feb 

All 
year 

Jun– 
Sep 

Jun–
Sep 

20 Jun–
31 Aug 

All 
year 

May–
Jun 

Kattegat ↔ ↔ ↔ ↔ ↘ ↔ N N  ↔ 

Great Belt ↘ ↔ ↔ ↔ ↘ ↘ N N  ↘ 

The Sound8 ↗ ↔ ↔ ↗ ↘ ↔ N N  ↗ 

Kiel Bay ↘  ↔  ↔ ↘ N N  ↔ 

Bay of Mecklenburg ↔  ↔  ↔ ↔ ↗ N  ↔ 

Arkona Basin ↔  ↔  ↔ ↔ ↔ N  ↔ 

Bornholm Basin9 ↗  ↔  ↗ ↔ ↔ ↔  ↗ 

Gdansk Basin ↘ ↔ ↘ ↔ ↘ ↔ ↘ ↔  ↘ 

Eastern Gotland Basin ↔ ↔ ↔  ↘ ↔ ↔ ↔  ↔ 

Western Gotland Basin ↔ ↔ ↔ ↔ ↘ ↔ ↔ ↔  ↔ 

Gulf of Riga ↗ ↔ ↗ ↗ ↗ ↔ ↗ N  ↗ 

Northern Baltic Proper ↗ ↔ ↗ ↘ ↗ ↔ ↔ ↔  ↗ 

Gulf of Finland ↔ ↔ ↔ ↗ ↗ ↔ ↔ ↔  ↗ 

Åland Sea ↔ ↔ ↗ ↔ ↘ ↔ N   ↔ 

Bothnian Sea ↔ ↔ ↗ ↔ ↔ ↗ ↔   ↗ 

The Quark ↔ ↔ ↗ ↔ ↔ ↔ N N  ↗ 

Bothnian Bay ↔ ↔ ↔ ↔ ↔ ↗ N   ↔ 

Water nutrient levels 

The concentrations of dissolved inorganic nitrogen (DIN) and total nitrogen did generally not achieve the threshold 

value, with the exception of Kattegat and Great Belt where the threshold values were achieved for total nitrogen10 

and in the Gdansk Basin for dissolved inorganic nitrogen. The eutrophication ratios for dissolved inorganic nitrogen 

were highest in the Gulf of Riga and the Gulf of Finland. In addition, average concentrations were high in the 

Bornholm Basin due to influence from shallow stations in the Pomeranian Bay, which is influenced by the Odra 

plume11.  

Winter concentrations of DIN showed an increasing trend until the mid-1990s (Figure 4.1.6). Since the 1990s to the 

present, winter DIN has significantly decreased in the southwestern parts of the Baltic Sea and the Bothnian Bay [to 

be updated].. Compared to the previous five year period (2007–2011), dissolved inorganic nitrogen concentrations 

have increased substantially in four and decreased in three out of 17 sub-basins (Table 4.1.1). Concentrations of total 

                                                      

8 Result may be changed due to planned changes in assessment data. 
9 Result for the Bornholm Basin many be subject to change, to be clarified. 
10 This refers to the HELCOM threshold values, which are not identical to the OSPAR threshold values. 
11 Reflecting a not uniform distribution of samples, with more sampling in shallow than deeper stations. 
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nitrogen have decreased significantly in the southwestern parts of the Baltic Sea and in the Gulf of Riga since the 

1990s [to be updated], but remained at the same level since the period 2007–2011 in all sub-basins (Table 4.1.1).  

 
Figure 4.1.6. Example of long term trends in nutrient levels in the Baltic Sea: Temporal development of winter dissolved 
inorganic nitrogen concentrations in the Kattegat, Baltic Proper, Gulf of Finland and Bothnian Sea. Dashed lines show the 
five-year moving averages and error bars the standard errors. [Figures will be updated, for an example of new figure, see Annex 1] 

The indicator on dissolved inorganic phosphorous (DIP) only achieved the threshold value in the Bothnian Bay, and 

the indicator on total phosphorous achieved it only in the Great Belt.  

Dissolved inorganic phosphorus concentrations increased notably in the 1960s and 70s, and have shown relatively 

large fluctuations over time (Figure 4.1.7). Since the 1990s this development has ceased, and significant further 

increase in DIP concentration has occurred only in the Bothnian Sea [To be updated]. Concentrations of total 

phosphorus have increased significantly in the Baltic Proper, the Bornholm Basin and the Gulf of Finland [To be 

updated].   

Since the period 2007–2011, dissolved inorganic phosphorus concentrations have increased substantially in five sub-

basins and decreased only in Gdansk Basin (Table 4.1.1). Within the same period, total phosphorus concentrations 

have increased substantially in three sub-basins.  In areas where anoxia occurs in near bottom waters, increases in 

phosphorus concentrations can at least partly be attributed to release of phosphorus from sediments during 

transition to anoxic conditions (Conley et al. 2002, 2009).    
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Figure 4.1.7. Example of long term trends in nutrient levels in the Baltic Sea: Temporal development of dissolved inorganic 
phosphorus concentrations in winter in the Kattegat, the Baltic Proper, the Bothnian Sea and the Gulf of Finland. Dashed lines 
show the five-year moving averages and error bars are the standard errors. [Figures will be updated] 

Direct effects 

The core indicators for direct effects (‘Chlorophyll-a’ and ‘Secchi depth during summer’ and additionally 

’Cyanobacterial bloom index’12) did not achieve the threshold value in any open sea sub-basin east of the Sound. 

West of the Sound, the chlorophyll-a core indicator achieved the threshold value in the Kattegat, and water clarity in 

the Kattegat and the Sound. 

The longer term trend shows that chlorophyll-a concentrations have increased from the 1970’s to the present in most 

of the Baltic Sea (Figure 4.1.8). Since 1990, the increase in chlorophyll-a concentration has ceased and significant 

upward trend was detected only in the Bornholm Basin [To be updated]. In the Kattegat and the Danish Straits, the 

chlorophyll-a concentration has significantly decreased since 1990 (Figure 4.1.8). Compared to the previous five year 

period (2007–2011), the chlorophyll-a concentrations have decreased in seven sub-basins, but increased in four 

(Table 4.1.1). 

                                                      

12 Included as a test indicator. 
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Figure 4.1.8. Example of long term trends in the direct effects of eutrophication in the Baltic Sea: Temporal development of 
chlorophyll-a concentrations in summer in the Kattegat, the Baltic Proper, the Bothnian Sea and the Gulf of Finland. Dashed 
lines show the five-year moving averages and error bars are the standard errors. [Figures will be updated] 

The water clarity reflects changes in the eutrophication-related abundance of phytoplankton, but is also affected by 

the presence of coloured dissolved organic matter and suspended particles. The long time series for water clarity 

show a steadily deteriorating situation over several decades (Figure 4.1.9). In more recent years, however, the 

decrease in water clarity has levelled off across most of the Baltic Sea, no significant trends were detected since the 

1990 [To be updated], and the water clarity has remained on the same level since the period 2007–2011 in most of 

the sub-basins (Table 4.1.1).  
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Figure 4.1.9. Example of long term trends in the direct effects of eutrophication in the Baltic Sea: Temporal development of water 
clarity (measured as Secchi depth in summer) in the Kattegat, the Baltic Proper, the Bothnian Sea and the Gulf of Finland. Dashed 
lines show the five-year moving averages and error bars the standard errors. [Figures will be updated] 

The cyanobacterial bloom index was used as a test indicator in ten sub-areas, showing the worst status in the Gulf of 

Riga, the Northern Baltic Proper and the Bothnian Sea. The index has remained at the same level since the previous 

five year period 2007–2011 in most of the sub-basins (Table 4.1.1). [Possibility of adding a long term analysis of 

cyanobacterial bloom index is investigated]. 

Indirect effects 

The core indicator ‘Oxygen debt’ did not achieve the threshold values in any open sea sub-basin. Oxygen debt has 

increased over the past century (Figure 4.1.10). It plateaued from the early 1980’s to the early 1990’s, but has 

subsequently increased again [To be updated]. Since the last assessment period (2007–2011), the oxygen debt has 

remained at the same level (Table 4.1.1). North of the Baltic Proper, the indicator ‘State of the soft-bottom 

macrofauna community’ was also included, to estimate the condition of the animal community at the seafloor13. The 

core indicators achieved the threshold value in these areas suggesting the bottom fauna to be in good condition. 

                                                      

13 Included as a test indicator. 
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Figure 4.1.10. Example of long term trends in the indirect effects of eutrophication in the Baltic Sea: Temporal 
development in the core indicator ‘Oxygen debt’ in the Baltic Proper, showing the volume specific oxygen debt below the 
halocline. Dashed line shows the five-year moving average and green line the threshold for good status. The increasing trend in 
oxygen debt signifies deteriorating oxygen conditions. [Figure will be updated] 

Box 4.1.2. Costs of eutrophication 

Eutrophication causes many adverse effects on the marine environment which also reduce the 
welfare of citizens. These include decreased water clarity, more frequent cyanobacterial blooms, oxygen 
deficiency in bottom waters, changes in fish stocks and loss of marine biodiversity. These effects decrease the 
environmental benefits from the Baltic Sea, both in terms of use-related values and non-use values. 

Examples of use values are opportunities for and enjoyment from marine and coastal recreation. Non-use values 
stem from knowing that the marine environment is healthy and available to others in the same and future 
generations, for example. 

Reaching a good eutrophication status for the Baltic Sea will bring about increased human welfare and economic 
benefits to citizens in the coastal countries. The benefits that are lost if the Baltic Sea does not reach a good 
environmental status are called the cost of degradation. The monetary benefits of reducing eutrophication have 
been assessed in a Baltic-wide stated preference contingent valuation study in 2011 (Ahtiainen et al. 2014). The 
results represent the value of reaching good eutrophication status in the Baltic Sea, based on citizens’ stated 
willingness to pay in a survey for achieving the target status. The study captured a variety of eutrophication 
effects, including water clarity, cyanobacterial blooms, underwater meadows, fish species composition and 
oxygen deficiency at the sea bottom. The change in eutrophication was described using all of these effects. 

The study covers all nine coastal countries and considers a change in the condition of the entire Baltic Sea. The 
target state in the study corresponds closely to that of achieving a good environmental status of the sea, stating 
that all sub-basins except the Northern Baltic Proper have achieved good status. The time frame in the study is 
somewhat longer than in current policies, as it is set to the year 2050. Reaching a good status earlier than 2050 
might bring about even greater benefits, as people generally place more value on goods and services that they 
obtain sooner. 
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Figure B4.1.2 presents the estimates of how benefits would be lost if eutrophication is not reduced in the Baltic 
Sea. The total losses are estimated at 3.8–4.4 billion euros annually for the Baltic Sea region. In other words, 
citizens’ welfare would increase by this much each year if good eutrophication status was achieved. See also 
Supplementary report: HELCOM 2017A. 

 
Figure B4.1.2. Annual benefit losses from eutrophication (euros per person) and total in the Baltic Sea region (million euros). 
The ranges show the 95 % confidence intervals for the value estimates reported in the original study. Value estimates are in 
purchasing power parity adjusted 2015 euros. Source: Ahtiainen et al. (2014). 

 

Impacts and recovery 

Primary production is a key process in the ecosystem as it provides energy for all organisms, but nutrient-enhanced 

excessive primary production leads to eutrophication symptoms and reduces the function of the food web in many 

cases. An increased intensity and frequency of phytoplankton blooms typically leads to decreased water clarity and 

increased sedimentation. These conditions further limit the distribution of submerged vegetation, such as 

macroalgae and macrophytes, and reduces the habitat quality of coastal areas. Increased sedimentation and 

microbial degradation of organic matter increases oxygen consumption and depletes oxygen conditions in areas with 

poor water exchange, including deep water areas. 

By the 1960s the soft bottom fauna was already disturbed in some parts of the Baltic Sea, attributed to 

eutrophication. Human induced nutrient inputs have contributed to the enhanced distribution of areas with poor 

oxygen conditions seen today, including deep waters. It should be noted, however, that in areas with vertical 

stratification and low water exchange, eutrophication acts on top of naturally low oxygen levels. Life in these deep 
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water habitats is also highly dependent on aeration provided by inflows of marine water from the North Sea (see 

Chapter 1, Figure 1.1.9). 

Even though some positive development in the eutrophication status is seen in the current assessment, such as a 

decrease in nutrient concentrations, improved water clarity in parts of the Baltic Sea, and a decrease in chlorophyll 

concentrations in some areas, the results show that the Baltic Sea is still highly affected by eutrophication and that 

the impacts on organisms and human well-being will continue. The reductions of nutrient inputs according to the 

HELCOM Baltic Sea Action Plan are foreseen to be effective in decreasing the eutrophication symptoms in the long 

term (Figure 4.1.2). Large scale responses to reduced loading are slow, and recently achieved reductions are not 

visible in the assessments over the short time frame. In addition, future development is foreseen to be dependent on 

changes in climate (Box 4.1.3). 

Box 4.1.3 Effects of climate change on eutrophication 

Adaptation to climate change is a central issue for the planning and implementation of measures to reduce 
nutrient inputs, as well as for adjusting the level of nutrient input reductions to ensure protection of the Baltic Sea 
marine environment in a changing climate. For example, the maximum allowable inputs are calculated under the 
assumption that Baltic Sea environmental conditions are in a biogeochemical and physical steady-state. This 
assumes that the environment will reach a new biogeochemical steady state under the currently prevailing 
physical steady state, after some time when the internal sinks and sources have adapted to the new input levels. 
Within a changing climate this assumption will not hold, as the physical environment is also changing and will 
feedback upon the biogeochemical cycling, for example by enhancing growth and mineralization rates. 
Simulations also indicate that climate change may call for additional nutrient input reductions to reach the targets 
for good environmental status of the Baltic Sea Action Plan (Meier et al. 2012). Effects from climate change and 
input reductions will both take substantial time, and a deepened understanding of the development is needed to 
support management. 
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ANNEX 1. EXAMPLE OF UPDATED GRAPH ON TRENDS 

 

Example of possible updates for long term trend figures showing the significant deteriorating trend (1990-2015) with orange and 
significant improving trend with blue colour:  Temporal development of total nitrogen concentrations in the Baltic Proper and the 
Danish Straits. Dashed lines show the five-year moving averages and error bars are the standard errors. For significant 
improving trends, five-year moving averages are shown in blue and for significant deteriorating trends in orange (Mann-Kendall 
tests for monotonic trends for 1990-2015). [The data will be updated] 
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