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Background 

IN Eutrophication discussed the need for oxygen indicators in addition to the HELCOM oxygen debt indicator 
which is applicable to the deep basins only, leaving the Baltic Sea area west of Bornholm Basin unassessed. 
Existing approaches were compiled, and the typology approach used by Sweden for assessing the oxygen 
status in coastal water bodies was welcomed. An indicator proposal was prepared by Germany and presented 
to STATE and CONSERVATION-5. The Meeting supported the continued development of the indicator and 
endorsed the shift from candidate to pre-core (study reservation by Denmark). The Meeting noted that the 
indicator still requires significant work and that it is not foreseen that the indicator will be operational in time 
for the first version of HOLAS II. Denmark stated that the indicator could only be accepted if based on trends 
instead of an assessment of GES/sub-GES. 

Since then, not much progress was made in the further regional development of the indicator. 

As bottom-oxygen concentration is a primary criterion of the revised Commission Decision on Criteria and 
Standards for GES assessment for MSFD purposes, Germany decided to report the results of the bottom-
oxygen indicator in the national MSFD report. The assessment is based on type-specific threshold values of 
6 mg/l for non-stratified and 4 mg/l for seasonally stratified water bodies and open sea areas. 

A draft of the indicator report is attached. It was presented to IN Eutrophication-10 where Germany offered 
to take the lead on developing the oxygen indicator if funding is received for a national project, noting the 
interest from Denmark, Estonia, Finland and Sweden to join Germany in the development of the indicator.   

The German national indicator is based on a straight-forward and pragmatic approach. For future assess-
ments as well as for an analysis of the natural conditions and the reasons for not reaching GES, more detailed 
information on the areal extent and duration of oxygen deficiency is needed on a regional basis, as is 
information on the natural and man-made components of oxygen deficiency. This may be more than a 
national project can accomplish. Thus, a dedicated HELCOM oxygen project to be applied for under the EU 
MSFD 2018 project call (regional priority 2) would be helpful. The work would improve the understanding of 
the regional conditions as well as the reasons why the Baltic Sea cannot reach GES by 2020.  

Action requested 
The Meeting is invited to take note of the report and make use of the information in the further discussion.  
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National Indicator:  

Near-bottom oxygen concentration in the Baltic Sea (Draft) 

Summary of results 

 

Figure 1: Assessment of near-bottom oxygen concentration in the Baltic Sea between 2011 and 2016. The chart shows results for 

the reporting units (coastal water bodies pursuant to the Water Framework Directive (WFD) and German parts of the HELCOM sub-

basins in the open Baltic Sea) and for the respective monitoring stations. 

From 2011 to 2016 near-bottom oxygen concentrations in coastal waters exceeded the threshold values in 

31 out of a total of 45 water bodies. This means that good environmental status (GES) was achieved for this 

indicator in around 70% of water bodies, corresponding to an area of 3,425 km² or 81.4% of WFD coastal 

waters. 

 In the national open Baltic Sea (territorial waters and EEZ) assessment units, GES was not achieved in Kiel 

Bay and Bay of Mecklenburg. However, threshold values were met at the majority of open sea stations in 

Arkona and Bornholm Basin. Thus 62.6%, an area equivalent to 7,075 km², of the German open sea 

assessment units showed good status with regard to bottom oxygen. 

In terms of the German Baltic Sea waters as a whole, GES was achieved for the indicator "near-bottom oxygen 

concentration" on 67.7% of the total area of 15,518 km². 

The national indicator is applicable and operational for all German coastal and marine waters of the Baltic 

Sea and can be used for other Baltic Sea areas too. However, to date there are no coordinated regional 
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threshold values for this indicator, which has also been discussed in HELCOM. This means that national 

targets have to be used in order to assess the criterion D5C5 laid down in Commission Decision 2017/848/EU 

with regard to eutrophication. The HELCOM indicator "oxygen debt" is aimed at assessing the deep basins 

and, apart from the Bornholm Basin area, cannot be applied to the German parts of the Baltic Sea. 

 

Scientific relevance of the indicator 

The decomposition of organic matter, which occurs particularly near the sea floor, consumes oxygen. Vertical 

and horizontal mixing processes ensure an inflow of oxygen-rich water, as long as the mixing is not impaired 

by vertical stratifications or sea-floor sills. Insufficient oxygen concentration, however, has adverse effects 

on the fauna and flora and can even, depending on the oxygen tolerance of the species affected, cause entire 

benthic communities to die off. Organisms which live in the water column also depend on adequate oxygen 

concentrations in the deeper waters. This is also true of species such as the Atlantic cod, whose eggs sink 

down to lower depths.  

 Low oxygen concentrations in the deep basins of the Baltic Sea can occur naturally in near-bottom waters, 

but it must be assumed that this is exacerbated by the eutrophication of the Baltic Sea. Near-bottom oxygen 

deficiency can also be found in shallow waters, especially where there is stable seasonal stratification. 

However, in areas, which do not usually have stable seasonal stratification, oxygen deficiency should be seen 

as a warning sign of excessive nutrient pollution. 

 

Policy relevance of the indicator 

Table 1: Relationship of the indicator to the descriptors set out in the Marine Strategy Framework Directive (MSFD) and associated 

criteria, other directives and to the HELCOM Baltic Sea Action Plan 

MSFD descriptors and criteria WFD quality elements 

(QE) 

HELCOM Baltic 

Sea Action Plan 

Habitats Directive 

 

Primary connections: 

D5 – Human-induced eutrophication 

D5C5 – The concentration of dissolved oxygen is not reduced, due to 

nutrient enrichment, to levels that indicate adverse effects on benthic 

habitats (including on associated biota and mobile species) or other 

eutrophication effects.  

General physico-

chemical and chemical 

QE; 

Macrozoobenthos;  

Macrophytes/angio-

sperms 

Eutrophication 

segment (goal: A 

Baltic Sea 

unaffected by 

eutrophication) 

 

Secondary connections: 

D1 – Biological diversity of species and habitats; area: benthic habitats 

D6 – Sea-floor integrity 

D6C5 – The extent of adverse effects from anthropogenic pressures 

on the condition of the habitat type, including alteration to its biotic 

and abiotic structure and its functions (e.g. its typical species 

composition and their relative abundance, absence of particularly 

sensitive or fragile species or species providing a key function, size 

structure of species), does not exceed a specified proportion of the 

natural extent of the habitat type in the assessment area. 

 Biodiversity 

segment (goal: 

Favourable 

conservation 

status of Baltic 

Sea biodiversity) 

Favourable 

conservation 

status of benthic 

habitats and 

species 
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The indicator primarily serves to assess eutrophication pursuant to the Marine Strategy Framework 

Directive (MSFD) and in the context of the HELCOM Baltic Sea Action Plan. It supports the biological 

assessment under the Water Framework Directive (WFD) and highlights any deficiencies in the quality of 

benthic habitats and their biotic communities in line with the assessments required under the MSFD and 

the Habitats Directive. 

 

Note for citation of results: 

Carstens, M., Weber, M. v., Petenati, T., Kuß, J. (2018): Indicator report Near-bottom Oxygen 

Concentration, draft as of 30 April 2018.  Download 

http://www.meeresschutz.info/oeffentlichkeitsbeteiligung.html?file=files/meeresschutz/berichte/art8910/

zyklus18/doks/indikatorblatt/IB_Ostsee_Bodensauerstoff.pdf. National indicator for the assessment of 

coastal and marine waters for updating the initial assessment pursuant to the MSFD (2nd reporting cycle); 

developed by the national Expert Working Groups on Eutrophication, Nutrients, Plankton (EuNäP) and on 

Benthos under the lead responsibility of M. Carstens & M. v. Weber.  

Contact: Wera Leujak, Federal Environmental Agency (UBA); Annika Grage, Federal Maritime and 

Hydrographic Agency (BSH); Marina Carstens, Ministry of Agriculture and the Environment, Mecklenburg-

Vorpommern 

Data Originators: Mario v. Weber, State Office for Environment, Nature Conservation and Geology (LUNG, 

data Mecklenburg-Vorpommern); Thorkild Petenati & Hannah Lutterbeck, State Office for Agriculture, 

Environment and Rural Areas (LLUR, data Schleswig-Holstein); Joachim Kuß, Leibnitz Institute for Baltic Sea 

Research Warnemünde (IOW, data Federal Maritime and Hydrographic Agency and IOW) 

 

  



STATE & CONSERVATION 8-2018, 3J-19 
 

 

Page 5 of 14 
 

 

Results of the assessment of near-bottom oxygen concentration 

From 2011 to 2016 near-bottom oxygen concentrations in water bodies of the coastal waters exceeded the threshold 

values in 31 out of a total of 45 water bodies (Fig. 1, Table 2). This means that GES was achieved for this indicator in 

around 70% of water bodies, corresponding to an area of 3,425 km² or 81.4% of WFD coastal waters. 

The threshold values were not achieved on 18.6% of the area. The inner coastal waters show the worst results (Wismar 

Bight, Flensburg Fjord, inner Kiel Fjord, Deep Eckernförder Bight, Untertrave). However, some waters on the outer coast 

also fail to meet the threshold values (e.g. outer Kiel Fjord, Hohwacht Bight, southern Bay of Mecklenburg, Pomeranian 

Bight), including areas which are not among the seasonally stratified water bodies, such as the southern Bay of 

Mecklenburg.  

Overall, GES was not achieved in the open sea (territorial waters and EEZ) of Kiel Bay and Bay of Mecklenburg, because 

while the threshold values were met in the area further offshore (BSH/IOW monitoring network), findings of the Länder 

show failure to achieve the thresholds in the territorial waters. In the Arkona Basin and Bornholm Basin the threshold 

values were met at the majority of monitoring stations. Thus, in the open sea GES was achieved for near-bottom oxygen 

concentration on an area of 7,075 km² or 62.6% of the German waters in the open Baltic Sea. 

In relation to the entire area of the German Baltic Sea waters (15,518 km²), GES was achieved for the indicator "near-

bottom oxygen concentration" on a total area of 10,500 km2 (67.7%). 

 

Seasonal oxygen deficiency 

Oxygen deficiency in the late summer and autumn is a phenomenon in the western Baltic Sea which until the 1970s was 

observed only occasionally. For around the past 35 years, however, it has occurred nearly every year, for instance in the 

Lübeck Bight and the Bay of Mecklenburg, as well as in the deep fjords with low water exchange. Each summer, physical 

conditions cause stratification of the waters in the western Baltic Sea which lasts for around four months. This means 

that warm, low-salinity surface waters lie over colder, high-salinity bottom waters, causing the formation of a 

thermohalocline which prevents vertical oxygen transport to the bottom waters. It is in the bottom waters especially, 

however, where the oxygen-consuming microbial degradation of dead planktonic algae from the spring bloom takes 

place. The resulting loss of oxygen on and in the sea floor is also referred to as secondary eutrophication effect. The 

seasonal occurrence of oxygen deficiency with concentrations below 4 mg/l or oxygen depletion with concentrations 

below 2 mg/l is not at all uncommon. Under certain weather or wind conditions, oxygen-rich surface water is forced out 

of the bights, causing "upwelling", when poorly oxygenated bottom water flows towards the coast and rises. This can 

cause fish die-off in the areas concerned. The cooling down of the surface waters during late autumn leads back to 

vertical mixing which ensures oxygen input into the bottom waters and hence down to the sea floor (Petenati 2017).  

German data are also incorporated into the annual Oxygen Report drawn up between July and November by the 

University of Aarhus on behalf of the Danish Nationalt Center for Miljø og Energi (DCU) (→ Iltsvindrapports). Using 

modelling, the reports map out the geographical extent of oxygen deficiency in the western Baltic Sea. Comparable 

analyses are provided for the southern and central Baltic Sea by the Leibnitz Institute for Baltic Sea Research 

Warnemünde (IOW) (→Feistel et al. 2016). These are important strategies which in future will enable data to be 

provided on the extent of the assessment area, as required by Commission Decision 2017/848/EU. 

  

http://bios.au.dk/videnudveksling/vand/havmiljoe/iltsvind/arkiv/
http://www.io-warnemuende.de/msr-2016-0100.html
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Development of near-bottom oxygen concentration over time 

In some cases, comparing assessment results from different periods can give initial indications on trends (Table 2). 

These have not been statistically verified.  

Table 2: Development of near-bottom oxygen concentration for the periods 2001-2006, 2007-2012 and 2011-2016 in (A) WFD-coastal 
waters and (B) the German open sea pursuant to HELCOM (territorial waters and EEZ). Threshold values: non-stratified waters 6 mg/l 
minimum, seasonally stratified waters 4 mg/l minimum. The arrows show initial indications of the trends between 2001-2006, 2007-
2012 and 2011-2016. A change of 1 mg/l (non-stratified) or 0.5 mg/l (stratified) or more is considered to be an increase (↑) or 
decrease (↓), anything else is recorded as unchanged (↔). n. b. = not assessed. Red = threshold not achieved; green = threshold 
achieved. Oxygen concentrations could not be measured in 6 water bodies, and these were assessed based on data from water 
bodies with comparable characteristics and pressures. Stratification typ 0 = non-stratified, stratification type 1 = seasonally stratified. 

A. Coastal waters pursuant to the WFD 
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B. Open Baltic Sea (territorial waters and EEZ) 

 

 

The data for the territorial sea (territorial waters) of the German Baltic Sea waters (Table 2B) show a slight rise during 

the 2011-2016 period for the Kiel Bay only. In the Bay of Mecklenburg near-bottom oxygen concentration fell, while in 

the German parts of the Arkona and Bornholm Basins there was no change from the 2007-2012 levels. In water bodies 

of the coastal waters, with few exceptions, oxygen concentration remained the same as in the preceding assessment 

period. 

Within the respective reporting periods the oxygen situation varies from year to year depending on weather and current 

conditions. For instance, between 2001 and 2015, oxygen levels (in September) ranging from 0.2 mg/l to 3.9 mg/l were 

recorded in the outer Kiel Fjord in Schleswig-Holstein (Fig. 2).  
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Figure 2: Late summer oxygen concentration in the bottom waters of outer Kiel Fjord, 2001 to 2015. Source Petanati (2015) 

 

Importance of saline inflows for oxygen content 

For areas further offshore, the salt water inflows, i.e. the inflow of high-saline, oxygen-rich waters from the North Sea 
that occur sporadically as a result of meteorological conditions, are particularly important for oxygen supply in the 
benthic zone (cf. e.g. Matthäus et al. 2008, Feistel et al. 2016, HELCOM 2017). Since the end of 2013 there have been a 
number of such inflows which have improved the oxygen conditions in the deep basins of the Baltic Sea. Smaller, 
consecutively occurring inflows in November 2013, December 2013 and March 2014 accumulated and, for the first time 
since 2003, led to oxygen-rich water being forced into the central Baltic Sea (Naumann & Nausch 2015). In December 
2014 and January 2015 there was a very strong inflow which transported 198 km³ of oxygen-rich salt water into the 
Baltic Sea. A medium inflow followed in November 2015. These events intensified the oxygen dynamics in the Arkona, 
Bornholm and Eastern Gotland Basins, with the Bornholm Basin being completely ventilated. Bottom-water oxygen 
levels of the Bornholm Deep rose from 0.11 mg/l in November 2014 to 7.71 mg/l in February 2015, measured at a depth 
of 80 metres (Nausch et al. 2016). However, the annual average at this station fell from 5.14 mg/l in 2015 back to 1.70 
mg/l the following year (Nausch et al. 2017). 

 
Data confidence 

Data confidence is high since the data are collected from a large number of monitoring stations and with quality-assured 

point measurements as a basis.  

Indicator methodology confidence is medium to high. It could be further enhanced by more comprehensive studies or 

models for making the data on areal extent and duration of oxygen deficiencies more robust.  

Confidence in the GES threshold is assessed as high. 

 

Conclusions 

The indicator shows that in some areas of the German Baltic Sea waters, near-bottom oxygen concentrations are still 

too low, leading to adverse impacts on benthic communities in particular. Alongside the hydromorphological and 

hydrographic factors which naturally favour oxygen deficiency, eutrophication, as one of the main pressures, has a 

significant influence on the Baltic Sea. 
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Outlook  

It would be advisable to further develop the indicator to cover the areal extent and duration of oxygen deficiency in 

more detail, as this would provide more data on the area in question. The plan is to flesh out the indicator in a national 

project and use the results in regional processes, thus supporting the development of regionally coordinated threshold 

values. 

 

Methodology 

The HELCOM TARGREV project (HELCOM 2013) developed a model based on oxygen debt to assess the oxygen situation 

in the deep basins of the Baltic Sea. This approach is not applicable to the shallow coastal areas and although a number 

of Baltic states include the measurement of oxygen concentrations in near-bottom waters in their marine monitoring, 

there is currently no uniform regional approach for assessing oxygen content (cf. HELCOM Eutro-Oper 4-2015:→ 

Assessment of oxygen status in shallower areas of the Baltic Sea  incl. overview table in →Annex 1 to the document). 

 

The HELCOM project Eutro-Oper was aimed at establishing oxygen threshold values for the Baltic Sea, e.g. for assessing 

eutrophication with HEAT. The indicator "shallow water oxygen" was given pre-core status by HELCOM, but is not 

applied in HOLAS II in the first phase in 2017 because no agreement was reached on joint threshold values for near-

bottom oxygen concentrations. As the revised Commission Decision 2017/848/EU on criteria and standards for 

assessing GES lays down near-bottom oxygen concentrations in mg/l as a primary criterion, a national assessment will 

be carried out which will inform the national MSFD report. The methodology and/or indicator factsheet will be made 

available to HELCOM. 

 

Near-bottom oxygen concentrations in coastal waters are monitored by the State Office for Agriculture, Environment 

and Rural Areas of Schleswig-Holstein (LLUR) and the State Office for Environment, Nature Conservation and Geology 

of Mecklenburg-Vorpommern (LUNG). As a rule, measurements are taken about 1 metre above the sea floor1. In areas 

further offshore, the Institute for Baltic Sea Research Warnemünde (IOW) performs monitoring on behalf of the Federal 

Maritime and Hydrographic Agency (BSH). Due to the greater depths, measurements are taken around 1-4 m above the 

sea floor (depending on water depth and measurement platform). Measurements are taken using an oxygen probe and 

are supplemented and validated with chemical analyses in the (ship's) laboratory (Winkler test for determining oxygen 

concentrations). Details can be found in the national monitoring manual (German only) →Monitoring-Handbuch and in 

the →HELCOM Monitoring Manual. 

 

The measurements are performed and the results are presented in mg/l as required by Commission Decision 

2017/848/EU. The assessment scale ranges from 0 mg/l (anoxia, formation of H2S) to approx. 16 mg/l. The current 

evaluation period covers the years 2011 to 2016; Table 2 also presents the results for 2001-2006 and 2007-2012 for 

comparison. The assessment is based on the lowest levels in each case which were detected between July and October 

of the respective year. The assessment relates to WFD coastal water bodies and the open sea (territorial waters and 

EEZ, divided into HELCOM sub-basins in line with no. (4) of the HELCOM assessment units pursuant to the →HELCOM 

Monitoring and Assessment Strategy (2013). 

 

 

 

                                                           
1: Exception: in very shallow coastal waters (e.g. the lagoon systems Darß-Zingster Boddenkette and Rügensche 
Bodden) with water depths of less than 6 m (M-V) and 10 m (S-H), long experience has shown that no stable seasonal 
stratification takes place. Instead, there is a year-round mixing, dependent on wind conditions. The State Offices 
therefore no longer sample these stations in near-bottom waters, meaning that the applicable target of 6 mg/l can 
currently only be verified using samples taken at approx. 1 m below the surface. 

https://portal.helcom.fi/meetings/EUTRO-OPER%204-2015-217/MeetingDocuments/EUTRO-OPER%204-2015_5-8%20Assessment%20of%20oxygen%20status%20in%20shallower%20areas%20of%20the%20Baltic%20Sea%20–%20updated.pdf
https://portal.helcom.fi/meetings/EUTRO-OPER%204-2015-217/MeetingDocuments/Forms/Display.aspx
http://mhb.meeresschutz.info/de/
http://www.helcom.fi/action-areas/monitoring-and-assessment/monitoring-manual/hydrochemistry/o2-ph-pco2-(h2s)
http://www.helcom.fi/Documents/Action%20areas/Monitoring%20and%20assessment/Monitoring%20and%20assessment%20strategy/Monitoring%20and%20assessment%20strategy.pdf
http://www.helcom.fi/Documents/Action%20areas/Monitoring%20and%20assessment/Monitoring%20and%20assessment%20strategy/Monitoring%20and%20assessment%20strategy.pdf
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Derivation of reference and threshold values based on the oxygen sensitivity of benthic organisms 

An oxygen concentration of 2 mg/l (u. a. HELCOM 2013) or 2 ml/l (e.g. Feistel 2010 →https://www.io-

warnemuende.de/sauerstoff.html) is often given as a definition of oxygen deficiency or hypoxia. The threshold value 

generally varies between 0.2 and 2.8 ml/l depending on the literature (0.29 and 4 mg/l →Zettler et al. 2017). In some 

classification systems a value of <2 mg/l (e.g. Würgler Hansen et al. 2017) or  ≤2 mg/l (e.g. Petenati 2015) is classed as 

severe oxygen deficiency, while values of between 4 and 6 mg/l are considered the threshold for "good" conditions 

(cf. HELCOM Eutro-Oper 4-2015 documents). 

R. Vaquer-Sunyer & C. M. Duarte (2008) present a comprehensive study on threshold values for oxygen deficiency in 

relation to marine biodiversity. The study analysed nearly 900 published experiments from all marine regions, relating 

to over 200 species covering the entire spectrum of benthic metazoans. They conclude that a threshold value of 2 mg 

O2/l is insufficient to preserve marine biodiversity, as most fish and crustacean species die in concentrations of 2 mg/l. 

By contrast, oxygen concentrations of around 4.6 mg/l can maintain 90% of the population for all but the 10% most 

sensitive species. (Vaquer-Sunyer and Duarte →Fig. 2 a). For 90% of species the sub-lethal oxygen concentration is just 

under 5 mg (ibid, →Fig. 2 b). →Fig. 3 (ibid) shows the sensitivity of different benthic metazoans to hypoxia. 

A differentiated listing of sub-lethal effects from low oxygen concentrations can be found in Topcu et al. (2009), which 

names physiological effects which impact on ecosystem interactions, starting at a saturation of less than 85%. In their 

opinion paper commissioned by UBA (30 March 2015, presented at the 5th session of the expert Working Group on 

Eutrophication, Nutrients, Plankton), Brockmann & Topcu note that intermittent, recurring short periods of oxygen 

deficiency also lead to major changes in ecosystem functions (Villnäs et al. 2012, 2013). While individual organism 

groups show no significant changes in the early stages of oxygen deficiency, combined ecosystem functions already 

display substantial disturbances. This is an important and previously ignored element to be considered when specifying 

threshold values. For instance, fauna, bioturbation and nutrient behaviour change considerably along the gradients 

between oxic and anoxic bottom waters (Josefson et al. 2012). 

The description of mean oxygen concentrations in the growing season for the period 1997-2010 illustrates the problem 

areas (Fig. 3). Oxygen levels are generally at their lowest at the end of the growing season (Figs 4 and 5), which in coastal 

waters is mainly in September. Therefore the minimum seasonal oxygen concentration is used as an assessment 

parameter. It is thus particularly important to carry out measurements between August and October. 

 

 

Figure 3: Mean seasonal (May-Oct) oxygen concentration in bottom waters between 1997 and 2010. Source: Brockmann & Topcu 

(2015) 

 

https://www.io-warnemuende.de/sauerstoff.html
https://www.io-warnemuende.de/sauerstoff.html
https://doi.org/10.1371/journal.one.0175746
https://www.schleswig-holstein.de/DE/Fachinhalte/M/meeresschutz/Downloads/Bericht_LLUR_Sauerstoff_2015.pdf?__blob=publicationFile&v=2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2556360/figure/F2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2556360/figure/F2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2556360/figure/F3/
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Figure 4: Minimal oxygen concentrations 1997-2010 during growing seasons (May-Oct.). Source: Brockmann & Topcu (2015) 

 

 

Figure 5: Seasonal trends in near-bottom oxygen concentrations in German coastal waters of the Baltic Sea 1997-2010. The figures 

in the graph indicate the number of samples taken Source: Brockmann & Topcu (2015) 

 
Against this background and based on the Swedish MSFD method for classifying oxygen conditions in coastal water 

bodies, a two-tier classification approach was developed at national level (see below) with a focus on stratification 

patterns. As in past procedures for assessing near-bottom oxygen concentrations, the assessment used the worst 

seasonal value measured at each of the stations: 

a) In non-stratified water bodies (WFD type B1, B2, B3) and at monitoring stations at sites with good vertical mixing 

the good/moderate threshold is set at 6 mg/l oxygen (near-bottom, i.e. approx. 1 m above sea floor in coastal waters 

and approx. 4 m above sea floor in the EEZ; lowest measurement July-November of a calendar year). Thus, 

concentrations of ≥6 mg/l indicate good oxygen conditions. Justification: hypoxia is very rare in these water bodies and 

areas and its occurrence should therefore be seen as a warning sign. 

b) On the other hand, in stratified water bodies (WFD type B4) and at monitoring stations at sites with stable seasonal 

stratification the good/moderate threshold is set at 4 mg/l oxygen (near-bottom, i.e. approx. 1 m above sea floor in 

coastal waters and approx. 4 m above sea floor in the EEZ; lowest measurement July-November of a calendar year). 

Thus, in areas with this stratification type the target is met if the lowest value measured in this period is at least 4 mg/l.   
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Justification: hypoxia can occur naturally in the Baltic Sea and benthic fauna in the affected areas are adapted to a lower 

oxygen content. Since hypoxia happens gradually, sensitive and mobile groups such as fish and crustaceans can migrate. 

In light of the fact that measurements are generally taken 1 m above the sea floor rather than directly on or in the 

sediment, and taking the findings of Vaquer-Sunyer & Duarte (2008) into consideration, the target should be no lower 

than 4 mg/l.  

  

Assessment methods and procedures 

 

Assessment method: As described above, the seasonal minimum (July-November) for near-bottom oxygen 

concentration is used as an assessment parameter. The threshold values are 6 mg/l (minimum concentration) for non-

stratified water bodies/sites and 4 mg/l (minimum concentration) for stratified water bodies/sites. The methodology 

for measuring oxygen is described in the national monitoring manual (German only) →Monitoring-Handbuch and the 

→HELCOM Monitoring Manual. 

Time-based aggregation per monitoring station: In the assessment period (in this case 2011-2016) the lowest value 

measured in the period July-November is identified for each station and year. The median is derived from these 

annual minimum values and used to determine the assessment result for each station. Averaging annual tranches is in 

keeping with the methodology used by OSPAR. 

Spatial aggregation: If there is only one station in the assessment unit, this decides on the assessment result. In some 

water bodies, especially in the territorial waters and the EEZ, different threshold values apply depending on whether 

the respective station represents an area with or without seasonal stratification. Therefore, in these assessment units 

the median cannot be calculated from the measurements of all the stations. Instead, aggregation is based on the 

assessment results for the individual stations, whereby the most frequently occurring results – irrespective of type – are 

the deciding factor in the overall assessment for the unit in question (see Table 3 for examples). Where results are 

inconclusive, in line with the precautionary principle, the unit will be assessed as "threshold not achieved" and hence 

as "sub-GES". The assessment units are coloured and the stations each presented with their respective result (GES/sub-

GES).  

Table 3: Examples of aggregation of results in assessment units with more than one monitoring station 

Assessment unit: A B C D E F G  

Station 1: Type 0/1 Type 0/1 Type 0 Type 0 Type 0 Type 0 Type 0  

Station 2: - - Type 0 Type 1 Type 1 Type 1 Type 1  

Station 3: - - - Type 1 Type 0 Type 0 Type 0  

Station 4: - - - Type 0 - Type 1 Type 1  

Assessment unit 

described as: 
Sub-GES GES 

Sub-

GES 

Sub-

GES 
GES GES 

Sub-

GES 

 

In the open Baltic Sea (territorial waters and EEZ) very large areas must be further divided using the HELCOM sub-

basin classification (Kiel Bay, Bay of Mecklenburg Bight, Arkona and Bornholm Basins). 

Note: the methodology for the spatial aggregation was selected for practical reasons. A general weighting based on area 

shares or shares of the biotope types /broad scale habitats affected is conceivable but not feasible in the near future, 

i.e. not for the 2018 reporting cycle. Further research and development is needed in this context.  
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