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Background 
The ‘Project on making HELCOM eutrophication assessments operational (EUTRO-OPER)’ aimed toward a 
regularly updated high-quality thematic assessment of eutrophication status, produced through an 
operational and streamlined process. It was a continuation to the CORE EUTRO process, stemming from the 
EUTRO-, EUTRO PRO- and TARGREV projects, which have since 2005 developed the HELCOM core set of 
eutrophication indicators, with boundaries of good environmental status and assessment methodology, 
ending up in the latest update of eutrophication status in the Baltic Sea in 2007-2011. 
 
One of the main outcomes of EUTRO OPER project was four new pre-core and two new candidate 
indicators of eutrophication. These were: 

• Total nitrogen 
• Total phosphorus 
• Chlorophyll-a, spring bloom intensity 
• Cyanobacterial surface accumulations 
• Shallow-water bottom oxygen  
• Deep-water oxygen consumption 

 
In addition to these, indicators suitable for assessing eutrophicatin, but under development in other 
HELCOM projects, were identified. These indicators were mainly benthic: 

• Ratio of diatoms and dinoflagellates 
• Lower depth distribution limit of macrophyte species 
• Biomass ratio of opportunistic and perennial macroalgae 
• State of the soft-bottom macrofauna communities 
• Benthic diversity indicator 

 
Second HELCOM Holistic assessment (HOLAS II) will be based on set of agreed indicators. According to the 
timelines set by HOLAS II process, all pre-core indicators to be used, should be informed to HOLAS II 5-2016 
meeting (26-28 April 2016) on whether following elements will be in place by end of september: 
1. Concept 
2. Monitoring 
3. Assessment protocol 
4. GES-boundary  
5. Data-arrangements.  
 
If it’s anticipated that the indicator will not be ready, then the experts are asked to inform HOLAS II core 
team on what alternative information could be included in HOLAS II, e.g. if the indicator report contains a 
relevant time-trend or similar that could provide important supporting information.   
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This document contains specifications of the pre-core indicators as described in EUTRO OPER project 
report.  
 

Action required 

- The meeting is invited to take note of the set of indicators according to EUTRO OPER project report  
- The meeting is invited to agree on set of pre core indicators that can be reported to HOLAS II 5-

2016 meeting as operational indicators available to HOLAS II assessment 
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Status of Eutrophication pre core and candidate indicators 
 

1. Pre-CORE indicators on total nutrients 
EUTRO-OPER 1-2014 recognized a need for developing indicators on total nutrients, and an indicator on 
total nitrogen as one of them, to support the present core indicators on winter inorganic nutrients, that 
might however overlook nutrients possibly bound to biological matter even during winter time, especially 
during warm winters. Germany was welcomed to take lead of the development work. 

At present, the indicators are under PRE-CORE status. The indicator report is presented below. 

1.1 Total nitrogen 

Policy relevance 
  Primary importance Secondary importance 

BSAP 
Segment and 
Objective 

A Baltic Sea unaffected by 
eutrophication 
PRE-CORE INDICATOR 

none stated 

MSFD  
Descriptors 
and Criteria 

5.1 Nutrient levels none stated 

Other 
relevant 
legislation: 
(e.g. WFD) 

Water Framework Directive, 
ecological status, QE4 

none stated 

 

Role of total nitrogen in the ecosystem 
Marine eutrophication is mainly caused by nutrient enrichment leading to increased production of organic 
matter supplied to the Baltic Sea with subsequent effects on water transparency, phytoplankton 
communities, benthic fauna and vegetation as well as oxygen conditions. Phytoplankton need nutrients, 
mainly nitrogen and phosphorus, for growth. 

Adding total nutrients alongside inorganic nutrients as core indicators strengthens the link from nutrient 
concentrations in the sea to nutrient enrichment. In particular these parameters allow to take account of 
climate change in the eutrophication assessment since higher temperatures will lead to year-round 
phytoplankton proliferation and / or possible changes in zooplankton communities. To illustrate this point, 
the concentration of the total and the dissolved inorganic fractions of nutrients have been compared, and 
diverging trends have been observed in some sub-basins. For example, a decrease in winter DIN 
concentrations has been identified in the Bornholm Basin since the 1990’s, but TN concentrations have 
remained high (see Figure below). A possible reason for this observation could be that in winter more 
nutrients are bound in the phytoplankton due to the higher water temperatures. In such a situation 
assessing only dissolved inorganic concentrations gives the wrong impression that nutrient concentrations 
seem to be declining, while, in fact, they are stable or increasing as can be seen when also assessing total 
concentrations. In conclusion, to get a good understanding of the trend in nutrient concentrations in the 
marine environment monitoring and assessing both, total and dissolved nutrients, is important. 
Furthermore, total nitrogen is often monitored and assessed all year round and annual averages are based 
on more data compared to the dissolved nitrogen, that is only monitored in winter. Assessment results for 
total nitrogen might therefore be more robust. Lastly, total nitrogen is required to calculate nitrogen 
budgets that allow for an investigation of the amount of nitorgen imported or exported from an area. 
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Figure 6.1. Time series of annual TN (black line and dots) and winter DIN (gray 
line and dots) in the Bornholm Basin. The decrease in winter DIN since the 
1990’s is not expressed by annual TN. The figure is modified from HELCOM 
2013. 

 

Estimation of good Environmental Status 
As TN and TP were not simulated in the TARGREV modeling exercise only upper limits of annual means of 
TN and TP are proposed as GES targets (see TARGREV report page 84). These upper levels already represent 
a eutrophied Baltic Sea in the early 1970s and are therefore not suitable as GES targets since they are not in 
agreement with the target levels of the other eutrophication indicators (e.g. DIN, DIP, secchi depth). 
Nevertheless, some CPs have derived target levels for total nutrients. 

Ecological modelling is planned to be used in estimating GES-boundaries in the open-sea-areas. In 
Germany, a new modeling approach has recently provided revised target concentrations for total nutrients 
in the Kiel Bay, Mecklenburg Bay, Arkona Basin and Bornholm Basin. The approach is based on historic 
nutrient inputs around 1880 and modelling of resulting total nutrient concentrations with ERGOM 
(Schernewski et al. 2015). Other ecological models, eg. BALTSEM or ERGOM, are planned to be used for 
setting targets for the remaining open-sea sub-basins, however, they currently are not able to deliver 
trustworthy target levels for total nutrients. One reason is that the ecosystem models applied can currently 
only resolve the fraction of total nitrogen that is dissolved or bound in phyto- and zooplankton or detritus 
(labile fraction), while the refractory nitrogen cannot be reproduced by the models. In coastal waters this is 
not a problem since the labile fraction of nitrogen dominates, but in the open sea refractory nitrogen 
cannot be neglected. 

For coastal assessment units, national boundaries used for estimating Good Environmental Status under 
WFD may be used. 

Anthropogenic pressures relevant to the indicator 

 Strong connection Secondary connection 
General Nutrient concentrations in the water column 

are affected by anthropogenic nutrient loads 
from land and air. 

 

MSFD 
Annex III, 
Table 2 

Nutrient and organic matter enrichment  
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Description of metadata and updating 
Data source: The average for 2007-2011 was estimated using monitoring data provided by the HELCOM 
Contracting Parties, and kept in the HELCOM COMBINE database, hosted by ICES (www.ices.dk).  

Description of data: The data includes total nitrogen observations, determined as explained in the HELCOM 
COMBINE manual. Measurements made at the depth of 0 – 10 m from the surface were used in the 
assessment. 

Geographical coverage: The observations are distributed in the sub-basins according to the HELCOM 
COMBINE programme, added occasionally with data from research cruises. 

Temporal coverage: The raw data includes observations throughout the year, during the assessment period 
2007-2011. For the summer average, observations taken during June-September were included only. 

Data aggregation: The 2007-2011 averages for each sub-basin were produced as an inter-annual estimates 
using observations from all months / June-September.  

 

1.2 Total phosphorus 

Policy relevance 
  Primary importance Secondary importance 
BSAP 
Segment and 
Objective 

A Baltic Sea unaffected by 
eutrophication 
PRE-CORE INDICATOR 

none stated 

MSFD  
Descriptors 
and Criteria 

5.1 Nutrient levels none stated 

Other 
relevant 
legislation: 
(e.g. WFD) 

Water Framework Directive, 
ecological status, QE4 

none stated 

 

Role of total phosphorus in the ecosystem 
Marine eutrophication is mainly caused by nutrient enrichment leading to increased production of organic 
matter supplied to the Baltic Sea with subsequent effects on water transparency, phytoplankton 
communities, benthic fauna and vegetation as well as oxygen conditions. Phytoplankton need nutrients, 
mainly nitrogen and phosphorus, for growth. 

Adding total nutrients alongside inorganic nutrients as core indicators strengthens the link from nutrient 
concentrations in the sea to nutrient enrichment. In particular these parameters allow to take account of 
climate change in the eutrophication assessment since higher temperatures will lead to year-round 
phytoplankton proliferation and / or possible changes in zooplankton communities. To illustrate this point, 
the concentration of the total and the dissolved inorganic fractions of nutrients have been compared, and 
diverging trends have been observed in some sub-basins. For example, an indication of decrease in winter 
DIP concentrations has been identified in the Arkona Basin during the last five years, but TP concentrations 
have remained somewhat unchanged (see Figure below). A possible reason for this observation could be 
that in winter more nutrients are bound in the phytoplankton due to the higher water temperatures. In 
such a situation assessing only dissolved inorganic concentrations gives the wrong impression that nutrient 
concentrations seem to be declining, while, in fact, they are stable or increasing as can be seen when also 

http://www.ices.dk/
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assessing total concentrations. In conclusion, to get a good understanding of the trend in nutrient 
concentrations in the marine environment monitoring and assessing both, total and dissolved nutrients, is 
important. Furthermore, total phosphorus is often monitored and assessed all year round and annual 
averages are based on more data compared to the dissolved phosphorus, which is only monitored in 
winter. Assessment results for total phosphorus might therefore be more robust. Lastly, total phosphorus is 
required to calculate phosphorus budgets that allow for an investigation of the amount of phosphorus 
imported or exported from an area. 

 
Figure 6.2. Time series of annual TP (black line and dots) and winter DIP (gray line and 
dots) in the Arkona Basin. The late (since 2008) decrease in winter DIP is not expressed 
by annual TP. The figure is modified from HELCOM 2013. 

 

Estimation of good Environmental Status 
As TN and TP were not simulated in the TARGREV modeling exercise only upper limits of annual means of 
TN and TP are proposed as GES targets (see TARGREV report page 84). These upper levels already represent 
a eutrophied Baltic Sea in the early 1970s and are therefore not suitable as GES targets since they are not in 
agreement with the target levels of the other eutrophication indicators (e.g. DIN, DIP, secchi depth). 
Nevertheless, some CPs have derived target levels for total nutrients. 

Ecological modelling is planned to be used in estimating GES-boundaries in the open-sea-areas. In 
Germany, a new modeling approach has recently provided revised target concentrations for total nutrients 
in the Kiel Bay, Mecklenburg Bay, Arkona Basin and Bornholm Basin. Other ecological models, eg. BALTSEM, 
are planned to be used for setting targets for the remaining open-sea sub-basins. The approach is based on 
historic nutrient inputs around 1880 and modelling of resulting total nutrient concentrations with ERGOM 
(Schernewski et al. 2015). 

For coastal assessment units, national boundaries used for estimating Good Environmental Status under 
WFD may be used. 

Anthropogenic pressures relevant to the indicator 

 Strong connection Secondary connection 
General Nutrient concentrations in the water column 

are affected by anthropogenic nutrient loads 
from land and air. 
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Description of metadata and updating 
Data source: The average for 2007-2011 was estimated using monitoring data provided by the HELCOM 
Contracting Parties, and kept in the HELCOM COMBINE database, hosted by ICES (www.ices.dk).  

Description of data: The data includes total nitrogen observations, determined as explained in the HELCOM 
COMBINE manual. Measurements made at the depth of 0 – 10 m from the surface were used in the 
assessment. 

Geographical coverage: The observations are distributed in the sub-basins according to the HELCOM 
COMBINE programme, added occasionally with data from research cruises. 

Temporal coverage: The raw data includes observations throughout the year, during the assessment period 
2007-2011. For the summer average, observations taken during June-September were included only. 

Data aggregation: The 2007-2011 averages for each sub-basin were produced as an inter-annual estimates 
using observations from all months / June-September.  

 

2. Pre-core indicators on phytoplankton 

EUTRO-OPER 1-2014 identified a need for including several indicators to describe phytoplankton increase, 
to fulfil the need for estimating distance to the BSAP ecological objective on natural level of algal blooms. 
Development work was initiated with the aim of developing an indicator with GES boundaries for the 
HELCOM open-sea sub-basins. Finland was welcomed to take the lead. 

2.1 Chlorophyll-a, spring bloom intensity 

The spring bloom chlorophyll-a indicator complements the present core indicator on summer chlorophyll-a 
in that it provides information on the most intensive but short-lasting phytoplankton growth period. The 
environmental fact sheet ‘Spring bloom index’, updated 2005-2008 (Fleming & Kaitala, 2006), that was later 
developed in the MARMONI (Innovative approaches for marine biodiversity monitoring and assessment of 
conservation status of nature values in the Baltic Sea, LIFE09 NAT/LV/000238) project to take advantage of 
high-resolution EO-data (Verlin et al. 2014), was developed further by EUTRO-OPER.  

At present, the indicator is under PRE-CORE status. The indicator report is presented below. 

MSFD 
Annex III, 
Table 2 

Nutrient and organic matter enrichment  

http://www.ices.dk/


IN-EUTROPHICATION 2-2016, 5-1 
 

 

Page 8 of 29 
 

Policy relevance 
  Primary importance Secondary importance 
BSAP 
Segment and 
Objective 

Eutrophication: natural level of algal 
blooms 
PRE-CORE INDICATOR 

Biodiversity: thriving and balanced communities 
of plants and animals 

MSFD  
Descriptors 
and Criteria 

5.2 1.6 

Other 
relevant 
legislation: 
(e.g. WFD) 

QE1 none stated 

 

Role of the spring bloom in the ecosystem 
The indicator estimates the annual total biomass of the phytoplankton spring bloom. The spring is a period 
of extensive and rapid phytoplankton growth, during which the main part of the annual phytoplankton 
production occurs. Phytoplankton quantity is a direct proxy of eutrophication, through the increase of 
nutrient concentration. The nutrient load is in some areas added by internal nutrient loading from the 
bottom, accelerated by oxygen depletion. Phytoplankton increase in turn adds to the oxygen depletion, 
when sedimented to the bottom, causing a vicious circle of eutrophication. Biotic and abiotic changes, such 
as climate change or changes in herbivory, also affect the phytoplankton quantity. 

Good Environmental Status 
The boundary for Good Environmental Status for spring bloom is currently being defined based on 
ecosystem modelling. 

Anthropogenic pressures relevant to the indicator 

 

Assessment protocol 
The indicator estimates the total biomass of the phytoplankton spring bloom. The spring is a period of 
extensive and rapid phytoplankton growth, during which the main part of the annual phytoplankton 
production occurs. Quantifying the bloom biomass is not easy using traditional methods, which do not 
react at a high spatial or temporal scale. The biomass can be estimated through combining EO and ship-of-
opportunity data, in order to obtain maximum spatial and temporal coverage, and is further developed to a 
spring bloom index as described by Fleming and Kaitala (2006). At present, EO and Alg@line data on part of 
the transects are utilized. 

 Strong connection Secondary connection 
General Phytoplankton concentration in the water 

column are affected by anthropogenic 
nutrient loads from land and air. 

 

MSFD 
Annex III, 
Table 2 

Nutrient and organic matter enrichment  
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Figure 6.3. The properties of the spring phytoplankton bloom in the western Gulf 
of Finland in 2009, characterized from a time series of chlorophyll-a 
concentration. The intensity is defined as integral of the chl-a concentrations 
during the spring bloom period (Fleming and Kaitala, 2006). 

 

The spring bloom indicator method was originally developed for the MARMONI project study areas (Verlin 
et al. 2014) and for the coastal WFD-areas of Finland. During the last year, it has been developed further for 
HELCOM assessment areas. As spring bloom period is short, intensive and often spatially ‘limited’, the 
spring bloom tends to average out using HELCOM assessment areas. Thus, HELCOM 20km grids have been 
utilized to determine sub-indicator indexes. These sub-indicators are then combined to represent the 
whole assessment areas.   

The method utilizes time series of non-cloudy EO chlorophyll-a concentrations observed on each HELCOM 
grid (see Figure 4.1 for example of grid division). The start and end of the spring bloom is defined based on 
a threshold (chlorophyll-a concentration above 5 µg/l). For the period between the annual start and end of 
the spring bloom, EO observations are complemented to daily chlorophyll-a concentrations by using spline 
interpolation method. The spring bloom index for each grid is defined as an integral of the spline. Finally, 
grid based sub-indicators are combined (averaged) to represent the whole assessment areas.   

 
Figure 6.4. Example of time series of mean, standard deviation (blue stars and bars) and 98 percentile (red dots) chl-a observations by MERIS 
(years 2010) produced for HELCOM 20km grids, 10967 and 14285. Both grids represent Gulf of Finland. The lines are interpolated daily values 
obtained using non-cloudy EO observations. The start of the spring bloom is often extrapolated. 



IN-EUTROPHICATION 2-2016, 5-1 
 

 

Page 10 of 29 
 

The assessments of the open sea areas were based on an integration of state data from core set indicators. 
The indicators were grouped under the following three “criteria” as described in the Commission Decision 
(2010/477/EU): 1. Nutrient levels, 2. Direct Effects, 3. Indirect Effects. The spring bloom indicator is 
proposed to be included under Criteria 2 (direct effects), along with the core indicators summer 
‘chlorophyll-a concentration’ and ‘water transparency’. 

The indicator is assessed within the geographical assessment unit level 4 proposed by HELCOM: open sea 
sub-basin areas and coastal waters WFD coastal types and water bodies.  

Results 
To increase the accuracy of the spring bloom indicator, the method was adjusted to HELCOM 20 km gridded data. 
These sub-areas are used to define spring bloom accurately on different parts of the assessment areas.  

 
Figure 6.5. Example of spring bloom indicator values calculated for HELCOM 20 km grids, years a) 2008 and b) 2009. 

 

Table 6.1. GES targets, present concentration.  

HELCOM_ID Sub-basin Target (µg l-1) Average index 
2007-2011 

STATUS 

SEA-007 Bornholm Sea Under 
progress 89,89 

Under 
progress 

SEA-008 Gdansk Basin  Under 
progress 493,72 

Under 
progress 

SEA-009 Eastern Gotland Basin Under 
progress 341,71 

Under 
progress 

SEA-010 Western Gotland Basin Under 
progress 1217,37 

Under 
progress 

SEA-011 Gulf of Riga Under 
progress 1680,82 

Under 
progress 

SEA-012 Northern Baltic Proper Under 
progress 418,75 

Under 
progress 

SEA-013 Gulf of Finland Under 
progress 1383,15 

Under 
progress 

SEA-014 Åland Sea Under 651,41 Under 
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Long-term development 
The longest time series on spring bloom intensity index can be derived from Alg@line data (Figure 6.6) for 
the Gulf of Finland (Fleming & Kaitala, 2006). In addition, there is modelling work under progress to 
hindcast spring bloom for the 20th century. The determination of chl-a concentrations during spring bloom 
period using EO data is possible from year 2003 on. Using the data from years 2003-2011, the trends and 
status based on the trend canl be defined for HELCOM assessment areas (SEA-7 – SEA-17). During initial 
study in the framework of MARMONI project, the status (trend) was defined increasing for the Gulf of Riga, 
and decreasing/no trend for the Gulf of Finland.    

 
 

Figure 6.6. The development of spring bloom indicator on the Gulf of Finland using EO and 
Alg@line measured chl-a concentrations during 1992-2014.  Red line represents Alg@line 
intensity index and blue line EO (MERIS data) intensity index. 

 

Requirements 
Spring bloom indicator requires sufficient amount of data during the spring period, so that the start, end 
and intensity of the bloom can be defined. It does not require daily observations, as caps can be filled using 
spline interpolation. In principle, the method can be used for any data that observes chl-a concentrations 
with sufficient frequency, such as Alg@line (Fleming and Kaitala 2006) or EO data.  

progress progress 

SEA-015 Bothnian Sea Under 
progress 800,32 

Under 
progress 

SEA-016 The Quark Under 
progress 344,05 

Under 
progress 

SEA-017 Bothnian Bay Under 
progress 525,74 

Under 
progress 
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The satellite instrument for the development of the spring bloom indicator method was MERIS (Medium 
resolution imaging spectrometer) onboard ENVISAT satellite. MERIS instrument overpasses are daily, thus 
daily observations are available for all non-cloudy areas and periods. Typically non-cloudy observations 
cover the whole Baltic Sea weekly. The ground resolution of the instrument is 300 m, i.e. one pixel on the 
image corresponds to 300m x 300m acreage on water. 

Historical MERIS data will serve as basis for method development. The method is directly applicable for the 
forthcoming OLCI (Ocean and Land Colour Instrument) that is the most prominent instrument for Baltic Sea 
water quality detection after its launch (estimated during early 2016) onboard Sentinel 3A satellite. 

Gaps 
The current EO dataset starts from the beginning of April. Thus, spring bloom period in the southern Baltic 
Sea is not yet present in the study data. The method itself is applicable to any sea area in the future. MERIS 
instrument has not been operating after April 2012. Forthcoming instrument OLCI onboard Sentinel 3a 
satellite will replace MERIS data approximately during 2016. Thus, during years 2012-2015 similar data is 
not available. 

 

2.2 Cyanobacterial surface accumulations 

The chosen approach was to combine and develop further two existing indicators: the candidate indicator 
‘Cyanobacterial bloom index’, developed originally under the project MARMONI (Innovative approaches for 
marine biodiversity monitoring and assessment of conservation status of nature values in the Baltic Sea, 
LIFE09 NAT/LV/000238) project to take advantage of high-resolution EO-data (Verlin et al. 2014), was 
developed further by EUTRO-OPER and the environmental fact sheet on ‘Cyanobacteria biomass’, 
developed by the PEG group (http://www.helcom.fi/baltic-sea-trends/environment-fact-
sheets/eutrophication/cyanobacteria-biomass/).  

At present, the indicator is under PRE-CORE status. The indicator report is presented below. 

Policy relevance 
  Primary importance Secondary importance 
BSAP 
Segment and 
Objective 

Eutrophication: natural level of algal 
blooms 
PRE-CORE INDICATOR 

Biodiversity: thriving and balanced communities 
of plants and animals 

MSFD  
Descriptors 
and Criteria 

5.2 1.6 

Other relevant 
legislation: 
(e.g. WFD) 

none stated none stated 

 

Role of cyanobacterial surface accumulations in the ecosystem 
Surface blooms of nitrogen-fixing cyanobacteria, though considered to be a natural phenomenon (Bianchi 
et al. 2000), have become extensive and frequent in many parts of the Baltic Sea since the 1990’s (Finni et 
al. 2001). The blooms consist partly of the toxic species Nodularia spumigena, which has been reported to 
have negative effects on grazing zooplankton (Engström et al. 2000, Sellner et al. 1994, Sopanen et al. 
2009). Cyanobacteria have been shown to have allelopathic effects on other phytoplankton groups and 
increasing effects on bacteria (Suikkanen et al. 2004, 2005). Since a major part of the cyanobacteria 
biomass generated during the bloom events eventually is settled on the bottom, it potentially increases 

http://www.helcom.fi/baltic-sea-trends/environment-fact-sheets/eutrophication/cyanobacteria-biomass/
http://www.helcom.fi/baltic-sea-trends/environment-fact-sheets/eutrophication/cyanobacteria-biomass/
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oxygen depletion in stratified areas (Vahtera et al. 2007). Thus extensive cyanobacterial blooms potentially 
have a negative impact on the biodiversity of both the pelagic and the benthic communities. 

Good Environmental Status 
The target values for the assessment areas were derived by using independent satellite based time series 
on algae accumulations from the Baltic Sea by Kahru and Elmgren (2014). This data set covers years 1979-
2014. The periods with highest status in the target value data set were identified and transformed to CSA 
values by using a linear model defined between these two. GES is reached, when the current status is 
higher than the identified target. Results presented here include Gulf of Finland (GoF), Northern Baltic 
Proper (NBP), Eastern Gotland Basin (EGB) and Western Gotland Basin (WGB), but its geographical 
relevance is Baltic Sea wide. The indicator may be extended to cover all the Baltic open sea and outer 
coastal assessment units; its GES boundaries are set region-specifically. 

Anthropogenic pressures relevant to the indicator 

 

Assessment protocol 
The method combines different types of bloom information into the CSA-index by taking an average from 
the normalized time series of the indicative variables. The indicative variables can be weighted depending 
on the information value they are giving on the bloom event. Thus, the method can be applied with various 
observations types. 

For the combination and comparison of different observations, all the indicative variables describing the 
bloom characteristics are normalized. 

The CSA indicator value responds negatively to increasing eutrophication, i.e. low values in the present 
concentration indicate increased eutrophication. 

Earth observation (EO) based assessment presented here 

The main data source used in the development was the daily EO based product estimating the potentiality 
of surface algae accumulations in four classes [0-3 i.e. no, potential, likely and evident] 
(www.syke.fi/surfacealgalblooms). Data set used in the development included daily EO observations from 
years 2003-2014 during the summer seasons (20.6.-31.8.). 

Spatial aggregation of daily EO observations from the assessment areas were conducted by calculating an 
algae barometer value. The algae barometer (AB) value is a weighted sum of the proportion of positive 
algae observations in the different classes in an assessment area (Eq. 1; Rapala et al. 2012). 

  Eq. 1 

where ntot is the total number of algae observations, and n#cl1, n#cl2, and n#cl3 are the number of algae 
observations in classes 1-3.  

 Strong connection Secondary connection 
General Nutrient concentrations in the water column 

are affected by anthropogenic nutrient loads 
from land and air. 

 

MSFD 
Annex III, 
Table 2 

Nutrient and organic matter enrichment  

http://www.syke.fi/surfacealgalblooms
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Seasonal bloom characteristics (i.e. indicative variables) were estimated by using an empirical cumulative 
distribution function (ECDF) drawn from seasonal observations of daily algae barometer values from each 
assessment area (Annex 1). ECDF gives the cumulative proportion of the seasonal algae barometer values. 
The bloom characteristics were defined for each sub-basin as follows: 1) seasonal volume (intensity), i.e. 
the areal coverage above the ECDF functions, 2) length of the algal surface accumulation period, i.e. the 
percentage of observations with algae barometer values above zero, 3) bloom severity, i.e. the 90-
percentile of the algae barometer observations.  

The CSA-index time series was derived by taking an average from the normalized time series of the 
indicative variables (Figure 6.7). 

 
Figure 6.7. An example of deriving the CSA-index in the Western Gulf of Finland (from MARMONI project, indicator description 
http://marmoni.balticseaportal.net/wp/category/biodiversity-indicators/). Normalized indicative variable time series derived from the ECDF-
functions (A-C) and combined to the CSA-index (D) when only remote sensing data are used. Value 1 represents the best conditions and 0 the 
worst. Black dashed horizontal line in (D) indicates the target condition and red the current status. 

Area specific targets were first identified from the Fraction of Cyanobacteria Accumulations –data (FCA) by 
Kahru & Elmgren (2014) and then transformed into CSA-index by using a linear model between these two 
data sets. A break point detection method by in Rodionov (2004) and Rodionov & Overland (2005) were 
used to detect periods in time series with the highest FCA-values, which were used as target values.  

For the status, CSAs of years 2007-2011 were calculated. GES is reached when the status exceeds the 
target. 

Further work is anticipated on the inclusion of other data sources for the indicator as well as on the 
possibility to use modeling to derive the target conditions. Such data sources could include ie. 
phycocyanine observations measured by Ferrybox-systems, information on cyanobacteria cell numbers / 
biomass at the surface layer or citizen observations on algae blooms. Also information derived from the 
new remote sensing instruments (e.g. Sentinel 3 satellite instrument by European Space Agency to be 

http://marmoni.balticseaportal.net/wp/category/biodiversity-indicators/
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launched on late 2015) requires careful harmonization of the derived information on the algae 
accumulations from other instruments 

Description of metadata and updating 
Data source: The data source was the daily EO based surface algae products of the Finnish Environment 
Institute (SYKE) from the years 2003-2014 (operative version of the product can be found on 
www.syke.fi/surfacealgalblooms), which are in turn based on the chl-a product (www.syke.fi/chl-a). The 
remote sensing data used in this study were produced with same methods as the operative version but 
reprocessed in order to provide as harmonized data set as possible. Remote sensing instruments used in 
deriving the chl-a information were MERIS for the years 2003-2011 and MODIS for 2012-2013. All available 
raw data for the areas of interest were downloaded by using EOLI-SA service by ESA 
(https://earth.esa.int/web/guest/eoli) and from NASA’s Ocean color near real time data service (see 
http://oceancolor.gsfc.nasa.gov/) for the MERIS and MODIS instruments, respectively. Chl-a concentrations 
were derived for the MERIS observations according to Schroeder et al. (2007a, 2007b) and for the MODIS 
data according to Maritorena et al. (2002, 2010) and O’Reilly et al. (1998, 2000). In the case of MODIS data, 
the algorithm showing the best performance when compared against in situ data were used. 

The Fraction with Cyanobacterial Accumulations (FCA) data for the years 1979-2013 by Kahru and Elmgren 
(2014), were used to test the performance of the CSA-index and to derive the indicator target values. FCA is 
defined as the ratio between the number of turbid (detected surface accumulations) and valid (no surface 
accumulations detected) pixels during a two month period (July-August) from satellite sensors with daily or 
multiple overpasses per day. The satellite instruments used in FCA estimation were AVHRR, SeaWiFS, 
MODIS Aqua, MODIS Terra and VIIRS. The method for retrieving FCA and the data used in the comparison 
presented here are described in detail in Kahru and Elmgren (2014). 

 

 

3. Candidate indicator on oxygen consumption 

The need for development of an additional indicator on oxygen conditions in open-sea sub-basins was 
identified by EUTRO-OPER 1-2014. Sweden was welcomed to take lead in the work, leading to a candidate 
indicator still under development.  

Background 
This assignment is an attempt to develop an oxygen indicator for the HELCOM region, within the HELCOM 
project EUTRO-OPER. The indicator should be applicable in the HELCOM-region, there should be a link to 
eutrophication and it should be straight-forward to update annually. The previously, within the TARGREV-
project, developed indicator for oxygen, the “Oxygen Debt-indicator”, has some limitations in its 
application (HELCOM 2013). It is restricted to deep basins and an update of the indicator demand special 
resources such as specific programming and statistical skills.  

The basic idea in this study is to estimate the oxygen consumption in the stagnant layer below the 
productive surface layer during summer (Figure 6.8) and see if and how this can be linked to 
eutrophication.  

http://www.syke.fi/surfacealgalblooms
http://www.syke.fi/chl-a
https://earth.esa.int/web/guest/eoli
http://oceancolor.gsfc.nasa.gov/
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Figure 6.8. Temperature in June and August (1986) in the central Baltic Proper at station By15.  

Method 
Oxygen budget for the summer season for horizontal water layer below the euphotic zone is calculated in 
accordance with Eilola (1998). The amount of organic matter broken down in the layer is directly related to 
the oxygen consumption (CONS) described as: 

𝐶𝐶𝐶𝐶(𝑢,𝑑) = 𝐷𝐷𝐷𝐷(𝑢,𝑑) + 𝐷𝐷𝐷𝐷(𝑢,𝑑) + 𝐴𝐷𝐴(𝑢,𝑑) 

Here DEPL is the oxygen depletion in the horizontal water layer between the upper (u) and deeper (d) 
boundary. DIFF is the vertical diffusion and ADV is the advection of oxygen. Due to small temporal 
differences in salinity and temperature within the layer, advection is neglected in this attempt. Figure 6.9 is 
an illustration of the different processes. 

 
Figure 6.9. Conceptual sketch of the different processes.  

The oxygen depletion and diffusion are computed from observations as: 

𝐷𝐷𝐷𝐷(𝑢,𝑑) = −�𝐴(𝑧)
𝜕𝐶2(𝑧)
𝜕𝜕
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𝐷𝐷𝐷𝐷(𝑢,𝑑) = −𝐴(𝑢)�𝜅(𝑢)
𝜕𝐶2(𝑢)
𝜕𝑧

−
𝐴(𝑑)
𝐴(𝑢)𝜅

(𝑑)
𝜕𝐶2(𝑑)
𝜕𝑧 � 

A(z) is the horizontal area at depth z and 𝜕𝑂2(𝑧)
𝜕𝜕

 is the rate of oxygen change with time. The term 𝜕𝑂2(𝑧)
𝜕𝑧

 is 

the vertical gradient of oxygen concentration and κ(z) is the vertical diffusivity coefficient at depth z 
calculated as: 

𝜅(𝑢,𝑑) =
𝛼(𝑢,𝑑)

𝐶(𝑢,𝑑)
 

where α is an empirical intensity factor accounting for the mean mixing activity of turbulence. N is the 
Brunt-Väisälä frequency defined as:  

𝐶(𝑢,𝑑)
2 =

𝑔
𝜌0
𝜕𝜌(𝑢,𝑑)
𝜕𝑧

 

g is the acceleration of gravity and ρ0 the reference density. 

Calculations were performed in the free available R, a software programming language. Data used was 
observations reported to the HELCOM COMBINE database. The station Gotland deep (BY15) was selected 
for the calculations due to large amount of in-situ measurements. 

Result and discussion 
To calculate the oxygen consumption for the summer season, a stabile depth interval as well as the months 
with the largest decrease in the oxygen concentration were identified (Figure 6.10). The stabile layer below 
the thermocline, but above the halocline was determined from comparing temperature and salinity from 
different depth interval and was established as the depth between 30-50 m. One may note the quite small 
changes in mean salinity (Figure 6.10a) and temperature (Figure 6.10b) in this depth interval. The 
temperature in the surface layer may, however, change by several degrees between June, July and August 
(e.g. Figure 6.8) indicating that vertical transports are indeed very small below the thermocline. The 
relatively large spread between individual years, shown by the whiskers and boxes (Figs. 6.10a and 6.10b), 
indicates that there may also be years when the layer seem less stagnant. In figures 6.10c and 6.10d, the 
largest oxygen reduction as well as an increase in phosphate concentration indicates that the largest 
decomposition of organic matter would occur between June and July. 

In Figure 6.11, the results of the yearly mean oxygen consumption, depletion and diffusion between July 
and June is shown (left y-axis), together with the upper 10 m January-February mean of phosphate 
concentration in the station BY15 (right y-axis, grey dots). The ranges in the annual calculations have large 
variations for the consumption, depletion and diffusion, which imply that there are uncertainties in 
calculations performed from in-situ measurements. One reservation is that we have used the monthly 
mean when several observations exist and by this has the actual number of days between measurements 
not been taken into account in the calculation, which may influence the results.  

An attempt to calculate the empirical intensity factor α of the vertical diffusion from in-situ measurements 
of salinity and temperature was performed. The computed values for the α-parameter were scattered with 
unrealistic numbers found in several years. This can be due to missing observations on the particular 
depths but also due to advective processes, which we have neglected, that affects the water mass and are 
difficult to estimate. Thus, a constant value for this parameter was chosen in the calculations (α=1.5 x 10-7 
m2 s-2), which is a constant used in modern circulation models for the Baltic Proper (Meier, 2001; 
Gustafsson, 2003; Omstedt, 2011; Stigebrandt and Kalen, 2013).  

However, despite the uncertainties a comparison of the oxygen consumption (CONS) with the upper 10 m 
mean phosphate winter concentration was made to investigate a possible link between increasing nutrient 
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concentrations in wintertime with increasing oxygen consumption during summer. This test gave a small 
negative correlation coefficient (r~ -0.2) which would imply no significant link.  The result is similar if the 10 
m mean phosphate concentration is compared with oxygen consumption, depletion and diffusion for the 
whole Eastern Gotland Basin.  

If we go a bit deeper in the analyses and divide the data set into two periods, 1990-1999 and 2000-2009, 
and calculate oxygen depletion between June and August we get different results. In Figure 6.12 we see the 
two periods differ from each other. The mean oxygen depletion is larger in the second period that also has 
a positive mean phosphate production. The winter concentration of nutrients is also larger in this second 
period, though, none of the changes observed in Figure 6.12 are statistically significant at the 95 % 
confidence level.  This is of course a smoothed result since we are dealing with averages based on several 
years of data, but it still implies that it has to be more clear how to aggregate the data from observations. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.10. Boxplots of a) salinity, b) temperature, c) oxygen concentration and d) phosphate concentration for 30-50 m at the Gotland deep for 
April-August. The box’s lower and upper limits are the first and third quartiles respectively, the thick horizontal line is the median, the red dot is 
the mean, black open circle outliers and the whiskers represent min and max without outliers.  

 

a) 

d) 

b) 

c) 



IN-EUTROPHICATION 2-2016, 5-1 
 

 

Page 19 of 29 
 

 
Figure 6.11. The June-July consumption (black dots), depletion (red dots) and diffusion (green dots) for oxygen in BY15 between 30-50 m depth. 
The right y-axis is the upper 10 m mean phosphate concentration (grey dots) in BY15 during winter (January-February).  
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Figure 6.12. Boxplots of oxygen depletion 30-50m June-August, difference in phosphate 30-50m June-August and the 0-10m winter mean 
phosphate for two time periods, 1990-1999 and 2000-2009.  

When the oxygen depletion between June and August is compared with winter values of phosphate 
concentration, the correlation is positive even though the correlation is still small (Figure 6.11 and 6.12). To 
understand fully the result that certain congeniality arises with winter phosphate if oxygen consumption 
between June-August is used instead of June-July, i.e. a longer time period is adopted during summer, 
require further investigations that are out of reach for the present study. This might indicate that the 
temporal development of the oxygen consumption diverges between years and one explanation arises 
from different conditions for algal blooms. The June-August distribution of calculated oxygen change is still 
large (R2=0.21) but that is also the case for the phosphate winter values (R2=0.28). Notice a negative value 
for the oxygen depletion (< -100%) implying an oxygen production. A probable explanation for this negative 
value is an effect from adjacent water masses that has influenced the oxygen concentration through the 
transport and mixing of the water masses. One may also mention that the first available observations in 
June and in August, respectively, were used for the compilation in Figure 6.12. The number of days for 
which oxygen depletion was computed varied fairly randomly between 48 and 81 days between the years 
(there was no trend in the number of days during the period). 

 

 
Figure 6.13. Calculated anomalies in percent (%) relative the periods mean of oxygen change between observations in June and August (triangle) 
for years with data at 40 to 50 m depth during 1993-2009.  The values are integrated over a 20 m depth interval and areas of 1m2.The 
calculations here also consider the number of days between measurements. Note, positive depletion corresponds to a decrease in oxygen 
consumption from June to August. Circles show the mean winter phosphate concentration (January-February) at 10 m depth. Linear regression 
lines for the two datasets and its equations and regression coefficient (R2) are drawn in the same color next to the line. Data is from the SHARK-
database at SMHI. 

To finalize the study we also investigated if a possible candidate to use as a more simple oxygen depletion 
indicator could be the use of oxygen saturation at 50 meter depth at BY 15. If we assume that the 
temperature has not changed much since the establishment of stratification (see Figure6.8) we may expect 
that changes in oxygen saturation observed in August at this depth would be caused by the biological 
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oxygen consumption occurring during late spring and summer. In Figure 7 we show the mean 50 meter 
depth oxygen saturation at BY15 in August and the winter concentration of PO4 in the preceding winter. 
The results are fairly similar to Figure 6.12 but the correlations coefficient of oxygen depletion (i.e. the R2 of 
oxygen saturation) is slightly improved in this case.  

To get a rough estimate of the correlation between the mean changes of winter phosphate and oxygen 
depletion we calculate some numbers for comparison. The increase in mean PO4 between the periods was 
0.17 mmol PO4 m-3 which would cause a potential increase of export production of 3.43 mmol m-2 (=20m 
x0.17 mmol P m-3) if we assume that the production takes place in the upper 20 m. The export of this 
matter would require increased oxygen consumption below 20 m depth of about 3.43x138=473 mmolO2 m-

2 if we assume complete oxidation of typical Redfield plankton with O2:P ratio of 138. 

The corresponding change in mean oxygen saturation between the two periods was -2.527% which 
corresponds to about -10.15 mmol O2 m-3 when we use the initial concentration of 401 mmol O2 m-3. Hence, 
if we assume that the change in oxygen consumption is similar in the layer 20m-60m, the increased oxygen 
consumption between 20m and 60m depth becomes 406 mmol O2 m-2 (=40m x 10.15 mmol O2 m-3) which 
would indicate that a large fraction of the increased production (473 mmolO2 m-2) may cause an increased 
organic matter decomposition above the halocline during summer. There is of course an uncertainty in this 
estimate because of the assumptions of the amount of exported matter, the Redfield ratio and other 
factors caused by the large variability in observations. The results indicate, however, that there may be 
some correlation between the increased winter DIP and oxygen consumption at 50 m depth.  

 

 
Figure 6.14. Mean 50 m depth oxygen saturation (%) at BY15 in August (left axes), and the winter (Jan-Feb) mean phosphate concentration at 10 
m depth (right axes) from years with simultaneous measurements.  The dashed lines show mean values for the years before 2000 and the years 
from 2000 and forward. The average oxygen concentration at 50 meter depth in April was 9 ml O2 l-1 (= 401 mmol O2 m-3) and the mean oxygen 
saturation was 100% (SHARK data). Linear regression lines for the two datasets and its equations and regression coefficient (R2) are drawn in the 
same color next to the line. Data is from the SHARK-database at SMHI. 

Conclusions 
A possible continuation of this study of the oxygen consumption as an indicator for eutrophication is to 
calculate different time periods as well as include a model to identify and quantify the effect of diffusion 
and advection and by that try to understand the annual spreading of the calculations. Another necessity is 
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to identify representative stagnant layers in other parts of the Baltic Sea in addition the Gotland Deep. The 
layers are plausibly different due to stratification conditions as well as if the region is affected of, for 
instance, inflows and/or other water mass transports with different properties. The model can also be used 
to try to investigate which link to envisage between, for example, winter dissolved inorganic phosphorus 
and oxygen consumption below the thermocline. The correlations among these two indicators might not be 
100 % due to biological effects, such as different onset of the spring bloom, the sinking rates and 
decomposition capacity, which influence the inter annual magnitude of oxygen consumption. 

 

4. Alternatives for finding a common oxygen indicator in shallow waters 

In the HELCOM eutrophication core set of indicators, a method has been established to assess the oxygen 
status (in terms of oxygen debt) of the deep basins of the Baltic Sea. This method was successfully applied 
to the Northern Baltic Proper, Gotland Basin, Gdansk Basin and Gulf of Finland. EUTRO-OPER, with Sweden 
in lead, has established development on an oxygen consumption indicator for open sea basins that are 
divided by deep water sills.  

For shallower waters, such as the WFD coastal waters and other areas in HELCOM open waters for which 
the oxygen debt approach does not apply, there is no commonly agreed method yet to assess the quality of 
the oxygen conditions. HELCOM EUTRO-OPER has gone through approaches that are or have been used in 
the Baltic Sea, initiating a discussion on finding a common bottom oxygen indicator for shallow water areas, 
to be used in the open-sea sub-basins.   

 

4.1 Danish Reports on oxygen conditions in the western Baltic Sea area  

Since many years, oxygen reports have been published by DMU(Danish Environmental Research Institute) 
and in recent years by DCE (Danish Center for Environment and Energy, Aarhus University) on a regular 
basis. Often, Swedish and German data have been included as well. In the period 1997-2001 three reports  
and since 2002 four reports have been produced per year to cover the season where low oxygen values are 
likely to occur in order to follow the development of oxygen conditions (all years: July/August, September, 
October, since 2002: plus November) and assess the harmful effects. The results are presented in a three-
class system: 

- no oxygen depletion (>4 mg/l oxygen)  
- oxygen depletion (2-4 mg/l oxygen) 
- severe oxygen depletion (0-2 mg/l oxygen) 

Examples are given in Figure 6.15. The reports are available online. 
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Figure 6.15. Oxygen conditions in October 2012 depicting stations visited (top) and modelling results (bottom). Source: J. W. Hansen et al. 2012, 
Iltsvind i de danske farvande i oktober 2012. Available online:  
http://bios.au.dk/fileadmin/bioscience/Fagdatacentre/MarintFagdatacenter/Publikationer/Iltsvindsrapport_oktober_2012.pdf 

 

4.2.1 German approach 1: The oxygen concentrations in near-bottom waters (abt. 1 m from 

bottom)  

These waters are classified according to the following scheme:  

> 6 mg/l   =  good status 
6 - > 4 mg/l  =  moderate status 
4 - > 2 mg/l  =  poor status 
2 - > 1 mg/l =  bad status 
1 mg/l and less = very bad status (H2S-production) 

http://bios.au.dk/fileadmin/bioscience/Fagdatacentre/MarintFagdatacenter/Publikationer/Iltsvindsrapport_oktober_2012.pdf
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Measurements are taken from August to Oktober/November with focus on September. If there are several 
measurements per station from this period, the worst of the measurement results is used for oxygen 
classification. The classification system is still in use, but a final decision regarding its use for MSFD 
purposes has not been taken yet. Some examples of how results are presented are given in Figure 6.16. The 
reports are available online. 

 

4.2.2 German approach 2: Classification according to trophic status and organic matter.  
This classification scheme was used in Mecklenburg-Vorpommern coastal waters from 1983 until about 
2005 and builds on 3 sets of criteria which are assessed equally (no weighing):  

nutrients (o-PO4-P, total phosphorus, DIN) 
level of productivity (phytoplankton biovolume, chlorophyll a, Secchi depth) 
oxygen regime and organic matter (oxygen saturation at surface, oxygen concentration near bottom and 
biochemical oxygen demand) 

This classification comprised 6 status classes depicting different trophic stages from oligo- to hypertrophic 
(see Table 6.2) and was based on at least monthly measurements in surface and bottom waters throughout 
the year. In case of shallow, well mixed water bodies without stratification, classification was based on 
surface measurements only (the worst of the values was used for classification). In stratified waters, near-
bottom oxygen concentration was used in addition. The classification was given up in the end because of 
differing demands coming with the Water Framework Directive. 
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Figure 6.16. Classification of oxygen concentrations in the bottom-near water layer of Schleswig-Holstein for 2011 (top) and for 2003-2006 in 
Mecklenburg-Vorpommern waters (bottom). Sources: T. Petenati/LLUR, report available online: 
http://www.bsh.de/de/Meeresdaten/Beobachtungen/MURSYS-Umweltreportsystem/Mursys_031/seiten/oso27_01.jsp LUNG Water Quality 
Report 2003-2006, available online: http://www.lung.mv-regierung.de/dateien/a3_pub_ggb_2003_2006.pdf 

Table 6.2. Classification according to trophic status and organic matter in Mecklenburg-Vorpommern coastal areas until about 2005. Note: o-PO4-
P not to be assessed in shallow sea areas with considerable interaction between phosphorous and sediment (sorption/desorption-equilibrium) 

Status class  
 

1 
 

2 3 4 5 6 

Trophic level  oligotrophic mesotrophic eutrophic highly 
eutrophic 

polytrophic hypertrophic 

Set of criteria/ 
criterion 

unit       

Nutrient conditions 
 

      

o-PO4-P 
 

µmol/l ≤ 0,5 ≤1,5 ≤ 3 ≤ 5 ≤ 10 >10 

Total P 
 

µmol/l ≤ 1 ≤ 3 ≤ 6 ≤ 10 ≤ 20 >20 

DIN 
(NO3+NO2+NH4) 

µmol/l ≤ 10 ≤ 30 ≤ 60 ≤ 100 ≤ 200 >200 

Productivity level 
 

      

Phytoplankton 
biovolume 

cm3/m3 ≤ 1 ≤ 5 ≤ 10 ≤ 20 ≤ 40 >40 

Chlorophyll a-
concentration 

mg/m3 ≤ 2 ≤ 10 ≤ 25 ≤ 50 ≤ 100 >100 

Secchi depth 
 

m ≥ 6 ≥ 4 ≥ 2 ≥1 ≥0,5 <0,5 

Oxygen and organic matter       
Range of oxygen 
saturation (min. – 
max.) 

% O2  
90-110 

 
80-130 

 
60-150 

 
40-200 

 
20-250 

 
0-300 

Near-bottom 
oxygen concen-
tration 

mg/l O2 ≥ 8 ≥ 6 ≥ 4 ≥ 2 < 2  
anaerob 

BOD5 mg/l O2 ≤ 2 ≤ 4 ≤ 6 ≤ 8 ≤ 10 >10 

 

http://www.bsh.de/de/Meeresdaten/Beobachtungen/MURSYS-Umweltreportsystem/Mursys_031/seiten/oso27_01.jsp
http://www.lung.mv-regierung.de/dateien/a3_pub_ggb_2003_2006.pdf
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4.2.3 Polish system of oxygen conditions assessment in the southern Baltic Sea 

Until the implementation of WFD (2005) oxygen conditions were assessed only in off-shore areas of the 
Polish EEZ, mainly in deep sea areas Gdańsk Deep, SE Gotland Basin and Bornholm Deep as well as in the 
deeper parts of the Gulf of Gdańsk, adjoining to Gdańsk Deep. The assessment took form of the statement 
of oxygen or hydrogen sulphide concentrations. 

With the implementation of WFD a system of oxygen conditions assessment was developed based on 
minimal oxygen concentration in near bottom water in summer (VI-IX). The same indicator (min. O2 

concentration in summer (VI-IX) was then applied for the MSFD implementation and initial assessment 
(2012). 

Oxygen concentrations are measured (ca. 0.5 m above bottom in the shallow areas and 2 m above bottom 
in the off-shore zone) at each station on each sampling/measurement occasion throughout the year; i.e. 
about 4 times within the WFD monitoring system and 3 times within the monitoring of off-shore areas [re. 
HELCOM COMBINE monitoring]. The minimal oxygen concentration from the months June-September is 
taken for the classification both in shallow and deep sea areas. 

The following classification scheme is applied in the shallow water areas (MOŚ 2014): 

> 6.0 O2 mg/l     = high status 
6.0-4.2 O2 mg/l = good status 

No class limits are assigned for poor and bad quality statuses. [It is very rare that the minimal oxygen 
concentration is <4.2 mg/l in coastal waters, infrequently it was measured in the Vistula Lagoon and 
Szczecin Lagoon between 2000-2006 (IMGW-PIB 2012a)]. 

In the Initial Assessment for the MSFD implementation (IMGW-PIB 2012b) the classification system for 
transitional and coastal waters was applied as presented above and for the deep water areas the system 
was developed basing on concentrations expressed in volume units [cm3/dm3]. 

> 4.0 O2  cm3/dm3  (5.7 mg/l) = good status  
4.0-3.0  O2  cm3/dm3 (5.7-2.1 mg/l) = moderate status  
3.0-2.0 O2  cm3/dm3 (2.1-1.4 mg/l) = poor status 
< 2.0 O2  cm3/dm3 (1.4 mg/l) = bad status. 

 

4.2.4 Information from Estonia 

At the moment there is no O2 indicator used in Estonia. At the end of last year the new monitoring 
programme and assessment needs were proposed to the Ministry and one suggestion also involved O2 
measurements and development of an indicator in the near future. 

 

4.2.5 Information from Latvia 

Currently Latvia does not have oxygen indicators with formalized class boundaries. In assessments, usually 
two boundaries are used: 4 and 2 mg/l. These boundaries are not used in order to classify status (GES / 
SubGES), but to characterize the level of oxygen depletion. 

 

4.2.6 Information from Finland 

In Finland there is no coastal oxygen indicator or oxygen assessment criteria in place. 
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4.2.7 Swedish approaches for the assessment of oxygen conditions 

For the Swedish coastal oxygen-indicator, the classification boundaries are expressed as either an oxygen 
concentration or as the proportion of bottom areas where oxygen concentrations are below the critical 
limit.  

The causes of oxygen deficit, except from eutrophication, can be very different depending on area and 
physical characteristics of the water body which decides which one of the methods above to use.  

The oxygen data is run through a set of tests that place the water body into one of the following categories: 
1) Seasonal hypoxia, 2) Perennial oxygen deficiency, 3) Permanent oxygen deficiency, 4) Oxygenated deep 
waters or 5) Data missing.   

Water bodies within category 1) shall be classified with the mean of the lowest quartile using bottom 
oxygen data January-December, GES value is 2.1 ml/l. Water bodies within categories 2) and 3) shall be 
classified using the proportion of affected bottom areas and data shall be based on the mean of oxygen 
concentration June-December expressed as proportion of total bottom area exposed for this concentration. 
GES values are area dependent. 

 

4.2.8 GES-boundaries for oxygen in shallow waters reported nationally under the MSFD  

In Denmark, a specific MSFD target has been set for the oxygen concentration in Danish Baltic Sea waters 
which is to be 2 mg/l (Miljöministeriet 2012, in HOD 39/2012, Doc. 2-7/Rev.1) at any time or place, except 
some areas, e.g. certain fjords, that are considered to be naturally hypoxic. 

In Sweden, a specific MSFD target has been set for the oxygen concentration in Swedish Kattegat waters 
which is  3,5 ml/l (in HOD 39/2012, Doc. 2-7/Rev.1), corresponding to 5 mg/l. For more information on the 
Swedish method see information above. 

In Germany, currently >4mg/l (July to October) is used as a target for oxygen concentration in Kiel Bay. The 
applicability of this target for the MSFD is under scrutiny (HOD 39/2012, Doc. 2-7/Rev.1).  

 

4.2.9 New tentative approach for near-bottom oxygen classification in German shallow waters 

In the light of the Swedish approach for coastal waters (WFD), the idea of taking the oxygen characteristics 
of water bodies into account when setting target values for near-bottom oxygen concentration was 
discussed by German experts. It was proposed to set the good/moderate boundary for stratified 
waterbodies with seasonal (June-Nov.) oxygen deficiency at 4 mg/l (values <4 mg/l being sub-GES). For non-
stratified waterbodies the good/moderate boundary should be set at 6 mg/l (values <6 mg/l being sub-GES) 
because these waterbodies usually do not show oxygen deficiency so that low near-bottom oxygen 
concentrations are alarming. Stations in the German territorial waters (up to 12 nm) could be classified 
similarly according to their stratification characteristics. As in the classification used until now (see 6.4.2), 
the worst value out of a series of measurements between June and November would be used for 
classification. This approach is still under discussion but might be applied testwise in 2016. 

 

5. The relevance of indicators developed under other HELCOM projects  

In addition to the present core eutrophication indicators and the indicators developed under EUTRO-OPER, 
other indicators potentially relevant to the eutrophication assessment are developed by nominated task 
groups under the HELCOM CORESET II project. 
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A joint session of the HELCOM CORESET II and EUTRO-OPER projects was initiated in conjunction with 
EUTRO-OPER 4-2011 (11 February 2015, Gdynia, Poland).  The aim of the session was to discuss core 
indicators that have been identified as relevant to several descriptors of the Marine Strategy Framework 
Directive (MSFD) or objectives of the Baltic Sea Action Plan (BSAP), and to specifically consider the 
applicability of the core indicators currently under development. Focus was placed on indicators developed 
for benthic and pelagic biodiversity indicators and eutrophication indicators. The session was attended by 
representatives from Denmark, Estonia, EU, Germany, Finland, Latvia, Poland and Sweden and an Observer 
from OSPAR as well as Invited Guests (meeting outcome: https://portal.helcom.fi/meetings/EUTRO-
OPER%204-2015-217/MeetingDocuments/EUTRO-OPER%204-2015_9-1%20Final%20outcome.pdf) 

The participants of the meeting were of the general view that:  
- whenever possible, core indicators should be developed to reflect specific rather than multiple 

anthropogenic pressures,  
- GES for pelagic indicators should be in line with the agreed targets for nutrient reduction in the 

Baltic Sea and GES as regards eutrophication parameters,  
- the same indicator can be used in the assessment of several descriptors when found relevant. 

The indicators developed under other HELCOM projects (eg. EUTRO PRO, CORESET, CORESET II) and 
potentially relevant for the eutrophication assessment are presented below. 

5.1.1 Ratio of diatoms and dinoflagellates 

The relative biomass of diatoms has decreased in the Baltic Proper since the 1980s, tentatively through 
zooplankton control of diatom blooms. It is an indicator that points out to the shift in biodiversity and food 
web structure. The link to eutrophication is currently weak and the meeting was of the view that it is not 
suitable or needed as an indicator of eutrophication. 

The indicator is suitable for assessment of biodiversity (MSFD criteria 1.6) and food webs (MSFD criteria 
4.3). 

5.1.2 Lower depth distribution limit of macrophyte species 

Different views were expressed by the participants. It is currently the only biodiversity core indicator that 
reflects the status of hard bottom communities, thus considered as relevant and required for assessment of 
biodiversity. It was also felt as a relevant indicator for eutrophication assessments due to the link to 
nutrients/water transparency in some areas. 

The indicator is suitable for both biodiversity (MSFD criteria 1.4, 1.5) and eutrophication (MSFD indicator 
5.3.1) assessments. 

Aim: to involve eutrophication experts in the development of the indicator in CORESET II to ensure that the 
indicator concept takes eutrophication aspects into consideration sufficiently. 

5.1.3 Biomass ratio of opportunistic and perennial macroalgae 

Currently a candidate indicator with ongoing development mainly in Estonia. The indicator includes also 
soft-bottom communities and would complement the indicator on depth distribution limit as hard 
substrate does not extend deep enough in all areas. 

Suitable as biodiversity indicator in addition to the indicator on depth distribution limit. Established links to 
eutrophication also supports the possible use of the indicator under Descriptor 5. 

Further development is needed before concluding on the most suitable application of the indicator. 

5.1.4 State of the soft-bottom macrofauna communities 

https://portal.helcom.fi/meetings/EUTRO-OPER%204-2015-217/MeetingDocuments/EUTRO-OPER%204-2015_9-1%20Final%20outcome.pdf
https://portal.helcom.fi/meetings/EUTRO-OPER%204-2015-217/MeetingDocuments/EUTRO-OPER%204-2015_9-1%20Final%20outcome.pdf
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The indicator is relevant for biodiversity (MSFD criteria 1.6) and seafloor integrity (MSFD criteria 6.2). 
Regarding its use for assessment of eutrophication, different view were expressed. It has been shown to 
reflect eutrophication in some areas but it also reflects e.g. physical disturbance. 

For the assessment of biodiversity, benthic indices are suitable in both coastal and offshore areas. National 
indicators for coastal waters developed under the WFD are proposed to be used in coastal assessments. 
The new offshore BQI developed in CORESET II is proposed to be used in offshore assessment units. 

Harmonization of indicators through assessment units is a long-term priority also for eutrophication, at 
present it is proposed to use intercalibrated national benthic indices for coastal assessments in order to 
ensure compatibility with WFD. If a benthic index is to be used in open sea areas (i.e. if required under 
Descriptor 5 in the tentative revision of the EC GES decision) some validation of the BQI developed in 
CORESET II is likely required to assess its suitability as an indicator of eutrophication. 

5.1.5 Benthic diversity indicator 

The indicator (Villnäs & Norkko, 2011) was used in the HELCOM eutrophication assessment 2001-2006 
(HELCOM 2009).  In Finland the indicator is still used and found as a robust indicator for offshore areas. In 
Germany the indicator is not considered as suitable under the MSFD. 

The indicator could be considered for use for eutrophication assessment in offshore areas (if required by 
the revised EC GES decision). 
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