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Investigating possibilities for a new oxygen indicator   
Lena Viktorsson, SMHI Göteborg, 2016-10-17  

Background  
The current eutrophication indicator for oxygen, the “Oxygen-debt indicator”, is limited in its application as 
it can only be applied to stagnant waters (HELCOM, 2013). Although a good measure of the oxygen debt in 
such waters it can be complex to communicate and not easily calculated. Therefore Sweden is trying out 
new approaches for an oxygen indicator for the Baltic Sea.   

A first attempt was done in 2014, trying to use oxygen consumption during summer months as an indicator 
(HELCOM 2015, chapter 6.3). The idea was to estimate the oxygen consumption in the stagnant layer 
below the productive surface layer during summer and link this to eutrophication.   

Current plans  
We have so far investigated the relationship between oxygen saturation during summer months below the 
thermocline and winter nutrient concentration to see if a link between these two parameters can be found 
from measurement data. The aim of this indicator is applicability in all open sea areas in the Baltic Sea and 
we have therefore also looked at the availability of oxygen data in the Bothnian Bay and Bothnian Sea. 
Further work on this approach remains but some first indications of the results are presented below. In 
addition, we also plan to see if model data can complement the measurements, here the work is still on 
the drawing table.   

If we fail to find a link between oxygen saturation in summer and winter nutrients, we also plan to create a 
complementary oxygen consumption indicator for stagnant deep waters. This would consist in calculating 
the degradation rate from oxygen and/or hydrogen sulphide data in deep stagnant waters in the Western 
Gotland Basin, the Eastern Gotland Basin and the Bornholm Basin and possibly for shorter time period the 
Arkona Basin. Here one of the main question marks is how much such an indicator would be influenced by 
non-anthropogenic factors, i.e. deep water renewals.  

Results   

Oxygen saturation   
The previous report on a new oxygen indicator showed there is at least a weak correlation between 
surface winter DIP and August oxygen saturation at 50 m depth (HELCOM 2015). Here we investigate the 
relation of i) oxygen saturation at the end of the production season (August) and ii) the decline in oxygen 
concentration below the thermocline over one production season in relation to winter DIP concentration. 
This is done for two monitoring stations, BY15 in the Eastern Gotland Basin (EGB), and MS4 in the Bothnian 
Sea (Figure 1).   
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Figure 1. Map showing the two stations used here, MS4 in the Bothnian Sea and BY15 in the Eastern 
Gotland Basin. Data from both stations was downloaded from the SMHI data base SHARK.  

Mean oxygen saturation at 50 m from August to September each year does not show a significant linear 
trend with time (fig. 2, left side) for neither the Bothnian Sea (station MS4) nor the Eastern Gotland Basin 
(station BY15). The linear trend in phosphorus is significant, especially for winter total phosphorus (fig. 2 
right side). This weak linear trend in oxygen saturation means it will most likely be difficult to argue for a 
strong connection between this parameter and eutrophication or winter nutrient concentrations.   

There are some weaknesses with this first analysis; in the Bothnian Sea, oxygen and nutrients are only 
sampled at about 10 m above the bottom, which is not ideal. The idea was to use data from below the 
summer thermocline but unaffected by sediment processes. In the Swedish SHARK data base we do not 
have summer oxygen data shallower than 10 m above the bottom, thus we are not able to see if the 
oxygen saturation at is affected to a large extent by sediment processes. We will need to take another look 
at the ICES data base and talk to our Finnish colleagues to see if there is more summer oxygen data 
available.  

Since the linear trends over time are different it was no surprise that also the linear correlation between 
the oxygen saturation and phosphorus was far from significant. We also looked at the linear decrease in 
oxygen saturation from May-September, and although the data clearly shows a decrease over this time 
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each year we did not find neither any linear trend over time for this nor any significant linear relationship 
between this and winter phosphorus concentrations.  

  

Figure 2. Oxygen saturation (left side) and phosphorus concentration (right side, phosphate shown in blue, 
total phosphorus shown in green) in the Eastern Gotland Basin (top row, station BY15) and the Bothnian Sea 
(bottom row, station MS4). The increase in surface winter phosphorus concentration with time is not 
reflected in late summer oxygen saturation. All data from SMHI data base SHARK.  

Next steps  
The idea that oxygen saturation below the summer thermocline at the end of summer could be used as an 
eutrophication indicator seems un-likely from only looking at measurement data. The oxygen saturation 
does not show a connection to winter phosphorus concentration nor any trend in time. However, 
measurement data can be affected by horizontal advection, in the Eastern Gotland Basin small inflows that 
does not penetrate to the deep waters are not uncommon in late summer and beginning of autumns. In 
the Bothnian Bay the analyzed data is too sparse to draw any definite conclusions.   

The next steps for us are i) see if model data can help sort out how much the oxygen saturation might be 
affected by horizontal advection, ii) check the ICES data base for oxygen data in the Bothnian Sea and 
Bothnian Bay, iii) calculate degradation rate in deep stagnant water from oxygen and/or hydrogen sulphide 
data. The last point cannot give an indicator that is applicable in all Baltic Sea basins, therefor we will not 
yet let go of the idea to use oxygen (concentration or saturation) during summer months.  
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