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Background 
The German Environment Agency has started a new research project „Modelling of eutrophication aspects 
in the Western Baltic Sea in support of the implementation of the Baltic Sea Action Plan“ in October 2020 
that will run until spring 2023 as presented at the HELCOM oxygen indicator workshop in April 2021 (IN-
EUTROPHICATION 19A-2021). The project is conducted by the Institute for Baltic Sea Research in 
Warnemuende (IOW). The work focusses on model runs with the 3D-ecosystem model ERGOM (Ecological 
Regional Ocean Model). One of the aims is to support the development of the HELCOM indicator on shallow-
water oxygen concentrations with modelling products. It is suggested that selected modelling results will be 
incorporated in the HOLAS III assessment as a case study to support the shallow-water oxygen assessment.  
 

Action requested 
 
 The Meeting is invited to: 

- take note of and discuss the modelling products; 
- consider and discuss how the model results could be included in the HOLAS III assessment as a case 

study to support the shallow-water oxygen assessment.  
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Introduction 
Currently a HELCOM-wide coordinated oxygen indicator for shallow water is missing. Moreover, due to the 
low measurement frequency and density, there is a lack of information on the spatial extent and temporal 
duration of oxygen deficiency areas. Here, model simulations can provide spatiotemporal highly resolved 
data and contribute to the development of a reliable oxygen indicator. This document mainly addresses the 
methodology of the ERGOM-MOM modelling approach. The type of information to be derived from model 
results that can be used for the development and assessment of the indicator are presented exemplarily as 
well as current limitations of the approach.  

Modelling approach 
Model simulations have been performed using the biogeochemical model system ERGOM-MOM (Neumann 
et al. 2015, 2017, 2020) from 1950 to 2019 for the western Baltic Sea with a spatial resolution of 3 NM and a 
vertical resolution of 0.5 to 2 meters. Analyzed HELCOM sub-basins included are the Kiel Bight, Mecklenburg 
Bight, Arkona Basin, and the agreed new assessment unit “Pomeranian Bay”. Besides dissolved oxygen 
concentrations in the bottom-water layer and the water column, additional analyses were conducted for 
three specific oxygen concentrations (2, 4, 6 mg/L) as currently utilized as thresholds by the German national 
approach (4 and 6 mg/L for stratified and non-stratified areas) and to consider other national approaches as 
well as the common boundary for hypoxic conditions (2 mg/L).  

Comparison of model data and in-situ measurements 
ERGOM-MOM was already proven to be well able to simulate and reproduce the oxygen dynamics in the 
Baltic Sea (Neumann et al. 2017), therefore we focused in the present case study on a comparison with 
selected representative measurement stations in the western Baltic Sea covering measurements from about 
2010 to 2019. A validation of the model data for oxygen against the measured data proves that the model is 
also in the focused region of the Western Baltic Sea well able to reproduce all key components, but there are 
also some difficulties and deviations. One reason for this could be that for practical reasons the measuring 
devices sometimes do not reach deep enough and then do not correctly reflect the oxygen deficiency at the 
layer very close to the bottom, where oxygen consumption is high. This results in substantially lower oxygen 
concentrations in the model simulations. On the other hand, the horizontal model resolution is quite coarse, 
so that fine-scale regional features are partly not well reproducible. Additional validation will be conducted 
to gain a more detailed understanding of the limitation of the current model run.  

Analysis of oxygen deficiency situations utilizing various metrics 

To assess the spatiotemporal variability of near-bottom oxygen concentrations, modelled daily oxygen 
concentrations are aggregated to monthly values and assessed on a monthly, yearly as well as on an 
assessment period scale. To assess the frequency and spatial extent of oxygen deficiency situations we 
further consider days were the oxygen concentrations fall below one of the three specific oxygen values (2, 
4, and 6 mg/L) as exemplarily shown in Figure 1.  
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Figure 1 Annual number of days below 2 mg/l of oxygen in the bottom water layer for each model cell of the Western Baltic Sea as 
average over the assessment period from 2011 to 2016 (Piehl et al. in prep, to be submitted to Environmental Management). 

In addition, the calculation of the occurrence of contiguous periods (e.g. 2, 7 or 14 days) was carried out with 
oxygen concentrations below the specific oxygen values of 2, 4 and 6 mg/L. Analyzed oxygen concentration-
period combinations were chosen based on the comprehensive study by Vaquer-Sunyer and Duarte (2008). 
Results will be provided as maps similar to the one in Figure 1. 

Besides near-bottom values, the model simulations provide the oxygen concentrations throughout the whole 
water column. Here, the water volume which falls below a specific oxygen concentration is analyzed for the 
different assessment periods as well as for each sub-basin. As exemplarily shown for the whole western Baltic 
Sea the percentage water volume affected by oxygen deficiency is increasing from summer till autumn where 
it again decreases until summer (Figure 2). Information on the sub-basin level will be provided during the 
meeting. This could be compared with existing results of the Danish approach (Iltsvinds reports by Jens 
Würgler Hansen) and new calculations of the volume-based approach currently being further developed for 
possible implementation in HEAT. 

Piehl et al. (in prep) 
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Figure 2 Average water volume (period 2011-2016) below various oxygen concentrations (mg/l) as percentage of the total water 
volume for the western Baltic Sea (incl. Kiel Bay/Bay of Mecklenburg/Arkona Basin/Pomeranian Bay/Bornholm Basin). The black 
bars indicate the 95% confidence interval (Piehl et al. in prep, to be submitted to Environmental Management). 

Finally, to assess long-term changes of oxygen deficiency situations the complete model run from 1950 to 
2019 is analyzed for percentage changes in affected bottom area as well as water volume. This could be used 
for trend assessments and distance-to-target estimations and could also support the setting of thresholds for 
shallow-water oxygen assessments in different HELCOM sub-basins. 

Suggestions for HOLAS III 
It is suggested that the HOLAS III assessment of the shallow water oxygen indicator in the Western Baltic Sea 
is supplemented with information from modelling to gain an understanding of the temporal and spatial 
variability of oxygen deficiency as well as trends. The format for such an inclusion in HOLAS III could be a case 
study that could be incorporated in the indicator report. In the longer term past HOLAS III, a more integrated 
approach could be developed that combines in-situ assessments of oxygen deficiency with modelling 
products. 

Outlook  
Within the project a model run with a higher spatial resolution (1 NM) is planned to better reproduce the 
regional fine-scale features. With the gained detailed knowledge on discrepancies between model and 
measured data, the model will be calibrated using the measured values. By the end of the project an 
integrated approach that incorporates both measured and model data will be proposed to assess the oxygen 
situation. 
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