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Background 

 
IN-Eutrophication discussed in several meetings the need for a shallow water oxygen indicator (IN-
Eutrophication 14-2019 Doc 5-3 and 16-2020 Doc 5-2) 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. 
At IN-Eutrophication 19-2021 it was agreed to prepare the oxygen indicator workshop based on collected 
information of Contracting Parties on previous work. This document describes the national oxygen 
assessment approach in shallow waters used in Germany in the framework of the MSFD (as reported in 
previous documents for State & Conservation 8-2018 (3J-19)). It also provides an outlook on further 
developments and concrete recommendations for a possible application on HELCOM level.  

 

Action requested 
The Meeting is invited to take note of the information in this document and discuss the proposal together 
with other national assessment concepts to combine different aspects and improve the oxygen indicator 
assessment in shallow areas on regional level for application in HOLAS III. The Meeting is invited to consider 
the recommended developments and to agree on further steps.  
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Introduction 
This document mainly addresses the methodology of the national assessment concept of near-bottom 
oxygen concentrations in shallow waters with exemplary assessment results of the national MSFD 
Reporting 2018. Identified shortfalls and the need for further developments are reflected by practical 
suggestions and recommendations. Detailed information on the national oxygen indicator can be found in 
previous documents (IN-Eutrophication 10-2018 Doc 4-6, S&C 8-2018 Doc 3J-19).  
 

Present status of the assessment method of the oxygen indicator   
The assessment of near-bottom oxygen concentrations follows a station-based approach that distinguishes 
between seasonally stratified and well-mixed stations or areas. Depending on the classification of the 
stations or areas, different threshold values are used. A temporal and spatial aggregation of available 
measurements at the different stations is performed according to the procedures given below. 
 
Assessment method: The seasonal minimum (July-November) for near-bottom oxygen concentration is 
used as the assessment parameter. ‘Near bottom’ is the lowermost depths per sampling date, meaning 
about 1m above sea floor in shallow areas and up to 4 m above sea floor in deep waters. 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. Further information on the setting of the threshold values 
can be found in the section on national assessment results below. 
 
Temporal aggregation per monitoring station: In the assessment period (e.g. 2016-2021 in HOLAS III) 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.  
 
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 derived from the measurements 
of all the stations. Instead, aggregation is based on the assessment results for the individual stations 
according to the simple majority, whereby the most frequently occurring results – irrespective of type – are 
the decisive factor in the overall assessment for the unit in question (see Table 1 for examples). Where 
results are inconclusive, the unit will be assessed as "threshold not achieved" in line with the precautionary 
principle and hence as "sub-GES". The assessment units are coloured and the stations each presented with 
their respective result (GES/sub-GES). 

Table 1: Examples of aggregation of results in assessment units with more than one monitoring station (type 0 – well mixed, type 1 
seasonally-stratified)

 

The methodology for the spatial aggregation was selected for practical reasons. A weighting procedure 
based on area shares facing higher risks of oxygen deficiency or shares of certain affected biotope 
types/broad scale habitats is a potential further development in the longer term. In a first step, the simple 
majortiy principle in the spatial aggregation could be improved by weighting of stations with different 
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sample frequencies to ensure that more reliable continuous sampling has a stronger impact on the overall 
assessment result compared to single measurements, as described in the section on recommendations 
below. 

National assessment results of near-bottom oxygen concentrations (MSFD 
Reporting 2018) 
Near-bottom oxygen concentrations were assessed for the period 2011-2016 in the MSFD area (German 
parts of HELCOM sub-basins) and WFD water bodies following the assessment concept above. Results of 
the different reporting units are shown in Figure 1. In the open Baltic Sea of the Kiel Bay and the Bay of 
Mecklenburg, the threshold values were not achieved, while thresholds were met in the Arkona Basin and 
Bornholm Basin.  
 
Assessment results of the reporting units were used for area calculations in terms of the good 
environmental status (GES) related to the total area assessed. From 2011 to 2016 near-bottom oxygen 
concentrations in coastal waters were exceeding 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.  
Overall, the German Baltic Sea had no oxygen problems in 67.7 % of its total area, but there were still areas 
with severe oxygen depletion, in particular in the inner coastal waters and inlets of the Kiel Bay and the Bay 
of Mecklenburg. 
 

 

Figure 1: Assessment results of near-bottom oxygen concentration in the Baltic Sea between 2011 and 2016 (as reported nationally 
for MSFD 2018).  Results are shown 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.  
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Different station types according to well-mixed or seasonally stratified conditions are used in the 
assessment and are associated with different thresholds. 

In un-stratified water bodies of the WFD area or at stations in areas with good vertical mixing in the open 
Baltic Sea, the threshold is set at ≥6 mg/l oxygen (near-bottom, i.e., about 1 m above bottom in coastal 
waters and about 4 m above bottom in the EEZ). Thus, concentrations of ≥6 mg/l indicate good oxygen 
conditions. The rationale for this is that hypoxia is very rare in these water bodies and areas and therefore 
its occurrence should be seen as a warning signal.  
In contrast, in stratified water bodies of the WFD area or at stations in open sea areas with stable seasonal 
stratification, the threshold is set at ≥4 mg/l oxygen. 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.  
The rationale is that 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. Taking into account that measurements are generally taken 1 m above 
the sea floor or even higher rather than directly on or in the sediment, and taking the findings of Vaquer-
Sunyer & Duarte (2008) into consideration, the target should not be less than 4 mg/l. 

Thresholds were defined based on the oxygen sensitivity of benthic organisms as stated in the literature 
(Vaquer-Sunyer & Duarte 2008, Topcu & Brockmann 2015, Josefson et al. 2012, Villnäs et al. 2012, 2013). 

The national indicator is applicable and operational for all German coastal and marine waters of the Baltic 
Sea and can also be used for other Baltic Sea areas, providing thresholds are agreed on regional or sub-
basin level. 

Recommendations and practical suggestions for regional application of the 
oxygen indicator in HEAT 3.0 
In recent test assessments of the national oxygen indicator concept for application on regional level in 
HELCOM sub-basins and potential implementation in HEAT 3.0 (see presentation 2 of IN-Eutrophication 18-
2020), a few aspects were identified that need to be defined more clearly to facilitate the use of the 
indicator and improve the assessment. Test assessment results in selected HELCOM sub-basins based on 
ICES data revealed the need to ensure that regularly observed stations with slightly varying coordinates are 
considered as one time-series and not as individual observations to derive seasonal minima per year in the 
calculation process. This could be achieved by using defined grid cells of 1x1 km for the surrounding area of 
sampling stations to avoid interruption of continuous time-series and to allow trend assessment. 

It was also noted that it is important to distinguish between individual samplings during the assessment 
period and fixed stations frequently sampled to ensure that single measurements do not dominate the 
overall result according to the simple majority principle based on counting the stations in GES or sub-GES. 
This can be addressed by weighting of stations based on single or repeated sampling in the aggregation 
process. First, this requires a determination of what is to be classified as individual measurement or 
frequent sampling. A preliminary proposal would be to classify stations as regularly sampled, and thus with 
a higher weighting, only when data are available in more than 4 out of 6 years within an assessment period 
associated with multiple sampling during the annual assessment season from July to November. Based on 
this distinction, a weighting of two-thirds to one-third could then be applied as a first suggestion to 
adequately account for the higher number of measurements at regularly sampled stations versus individual 
sporadic observations. 

For possible application of the assessment approach in additional areas of the western Baltic, it should be 
investigated whether classification of station types as seasonally stratified or well-mixed can be based on 
depths as used in German waters of the Kiel Bay (< 15 m well-mixed, > 15 m seasonally stratified) or should 
be based on profile data to determine prevailing conditions. This could possibly also be done by adjusting 
the current halocline protocol in the calculation process of the oxygen debt indicator. It is expected that 
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results of currently ongoing modelling work in a German project with the Institute for Baltic Sea Research 
(IOW) can also provide support for the classification of stations with respect to the prevailing stratification 
regimes.  

To improve the temporal resolution, data of high-frequency measurements, automated sampling buoys 
and moored platforms should be included in the assessment procedure, whereby the approach in the 
chlorophyll assessment with combined in-situ, earth observation and ferry-box data of quite different 
temporal resolution and the use of methodological correction factors could serve as an orientation. 

Current lack of spatial extension of oxygen deficiency in the assessment areas could be overcome by using 
supporting information from models such as the existing Danish approach (Würgler-Hansen 2020) or results 
of the ongoing German modelling project. It should be further investigated how model calculations can be 
integrated in HEAT 3.0 to support area calculation of GES and sub-GES proportions within sub-basins. 
Alternatively, areas of oxygen deficiency might be calculated directly by using data of vertical profiles 
together with thresholds and bathymetric maps as performed in the inter- and extrapolation process of the 
Danish model and in a similar way in the Swedish approach. Information on the spatial extent and the 
duration of oxygen deficiency would substantially improve the assessment result.  
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