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1 Oxygen as indicator metrics 

1.1 Background 

The current HELCOM eutrophication indicator for oxygen, the “Oxygen-debt indicator”, is limited in 

its application because it can only be applied to stagnant waters (HELCOM, 2013). Although it is a 

good measure of the oxygen debt in such waters, it can be complex to communicate and is not easily 

calculated.  

A first attempt to develop a new eutrophication indicator was done in 2014, trying to use oxygen 

consumption during summer months as an indicator (HELCOM 2015, chapter 6.3). The idea of this 

approach was to estimate the oxygen consumption in the stagnant layer below the productive surface 

layer during summer and link this to eutrophication. In the present study, we have further investigated 

trends in oxygen concentrations in the Bothnian Bay, Bothnian Sea and the Eastern Gotland Basin. We 

conclude that the available data do not show any trends in oxygen concentrations for the stations, 

depths and timeframe that were evaluated. However, a study on a stations in the southern Bothnian 

Sea shows that there is a significant oxygen decline in bottom waters for the periods 1970-2014 and 

1990-2014 (Ahlgren J. et al. (2017)), ). Our recommendation is to focus future work more on scientific 

projects to improve our understanding of the oxygen dynamics in the Baltic Sea and especially in the 

Bothnian Bay and Bothnian Sea and how oxygen concentrations respond to eutrophication pressures. 

1.2 Oxygen data for the Bothnian Bay and Bothnian Sea 

The Swedish national data host (SMHI) for marine environmental data has limited oxygen data from 

the Bothnian Bay and Bothnian Sea. Mapping stations (Figure 1, crosses) are sampled once per winter 

season with full profiles of oxygen concentrations from surface to bottom at discrete depths. In 

addition to these yearly measurements, there are two stations in the Bothnian Bay and Bothnian Sea, 

respectively, where oxygen concentrations are measured at least seven times per year (seven different 

months), these stations are marked with open circles in Figure 1. At these latter stations, oxygen 

concentration is generally measured at two discrete depths, one at the bottom and one about 5-10 m 

above the bottom. These latter data forms the basis for the evaluation of oxygen saturation as indicator 

metrics in this study together with oxygen concentrations measured at station BY15 in the Eastern 

Gotland Basin (position not shown on map). 

All the data described above are from bottle samples at discrete depths. However, there are also data in 

the Bothnian Bay with a higher resolution in depth from oxygen sensors on a CTD-package measured 

by Umeå University. Unfortunately, this type of data, of good quality, is only available from one year, 

2013. Due to a change of ship in 2014 there are no oxygen sensor data after 2013; the ship being used 

since 2014 cannot handle the rosette that held the CTD-package with the oxygen sensor. 



 

Figure 1 Map showing stations within the Swedish national marine environmental monitoring in the open sea. Circles 

mark stations that are sampled once per winter. Crosses mark stations with monthly measurements of oxygen 

concentrations since year 2000. 

 

 

Figure 2 Oxygen data from the Swedish national data base SHARK from open seas stations for the four stations that 

has a measurement frequency of more than six months per year, 1990-2016 in the Bothnian Bay and the Bothnian 

Sea. Station names are given at the top of each plot and the location can be found in figure 1(crosses). 

1.3 Evaluation of oxygen concentration as indicator metrics 

The previous report on a new oxygen indicator showed that there is, at least, a weak correlation 

between surface winter dissolved inorganic phosphorus (DIP) and August oxygen saturation at 50 m 
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depth (HELCOM 2015, chapter 6.3). In this section we investigate i) oxygen concentration below the 

mixed layer, at the end of the production season (August-September) and ii) the decline in oxygen 

concentration below the thermocline over one production season (June-August) in relation to winter 

DIP concentration and chlorophyll concentration (integrated). This is done for three monitoring 

stations, BY15 in the Eastern Gotland Basin (EGB), MS4 in the Bothnian Sea and F9 in the Bothnian 

Bay (Figure 1, BY15 not shown).  

Oxygen concentration in August and September does not show significant linear trends with time (fig. 

3, bottom) for any of the investigated station, at least not for the depths and time intervals selected. 

The R
2
 and p value of the linear regressions are given in green boxes in Figure 3. It is possible that 

there is a trend in both winter surface phosphorus and summer oxygen concentration. A recent study 

suggests that there is a significant declining trend in biottom water oxygen for the periods 1970-2014 

and 1990-2014, but not for the period 1970-1990 (Ahlgren J. et al (2017), supplement). . The same 

study show that these trends were primarily connected to inflow from adjacent basins (Baltisc Proper), 

rising temperatures and DOC concentrations, but not to regional nutrient input..  

In this analysis, there are some additional weaknesses due to the lack of available data. In the Bothnian 

Sea and Bothnian Bay, oxygen concentrations are only sampled at about 10 m above the bottom, 

which is not ideal for this analysis. The idea was to use data from below the summer thermocline, 

unaffected by sediment processes. This is because the oxygen saturation close to the bottom will likely 

be affected by both organic matter degradation in the water column and also by processes at the 

sediment water interface. As we do not have summer oxygen data shallower than 10 m above the 

bottom and therefore, we are not able to examine the decrease of oxygen saturation between more 

surficial waters and the bottom waters during the production season.  

In addition, we also looked at the linear decrease in oxygen saturation from May-September (not 

shown), and although the data clearly shows a decrease each year, there were neither any linear trend 

nor any significant linear relationship between this and winter phosphorus concentrations or summer 

chlorophyll concentrations. However, as explained above a more thorough study of which depths and 

time intervals should be selected and averaged over to find out if there is a trend or not in these 

variables.  



Figure 3. Phosphorus concentration (row 1, phosphate, row 2 total phosphorus) and Oxygen concentration (row 3) in 

the Bothnian Bay (left, station F9/A13), the Bothnian Sea (middle, station MS4/C14) and the Eastern Gotland Basin 

(right, station BY15). The increase in surface winter phosphorus concentration with time is not reflected in late 

summer oxygen saturation. All data from SMHI data base SHARK, the data is shown in blue for all months and in 

green for Aug-Sept and Nov-Jan for Oxygen and Phosphorus respectively. A linear regression was made for the data 

shown in green, the results are shown as a green dashed line with R^2 and p values in green boxes. 

1.4 Oxygen consumption below sill depth 

In addition to investigating the potential for oxygen indictor metrics in non-stagnant waters the idea 

was to examine the rate of oxygen decrease (as a measure of oxygen consumption/organic matter 

degradation rate). This is an interesting approach, to see if the increase in anoxic areas and general 

eutrophication of the Baltic Sea is reflected in changes in the degradation rate of organic matter. This 

could be the case if the supply of fresh organic matter in the deep basin has increased as eutrophication 

increased. The age and origin of organic matter and oxygen concentration is known to have an 

influence on the degradation rates of organic matter (Burdige 2007), i.e. the decrease of oxygen under 

stagnant conditions. Thus, the amount of organic matter is not likely to have a large influence on the 

rate of oxygen decrease/hydrogen sulfide increase. The largest effect on the degradation rate under 

stagnant conditions in the Eastern Gotland basin should thus be the oxygen concentration itself. 

Gustafsson and Stigebrandt (2007) performed a thorough study of oxygen dynamics in the Eastern 

Gotland basin and showed that there was no trend in decomposition rates for the period 1965-2005. 

They also showed that oxygen concentration and organic matter degradation had a linear relationship 

during oxic conditions but not during anoxic conditions. Their calculated degradation rates where 

similar for oxic (< 2 g m
-3

) and anoxic conditions. This shows that the rate of oxygen 

decrease/hydrogen sulfide increase during stagnant conditions is not likely to be a strong indicator of 

general eutrophication status. The total anoxic area, total amount of oxygen/hydrogen sulfide or the 

median oxygen/hydrogen sulfide concentration might be a better indicator metric for eutrophication 

status. 



1.5 Short term oxygen deficiency 

In figure 4, the large short term variability in oxygen concentration is demonstrated at 9 m depth in 

Laholm Bay (station L9). A notable feature is the very sharp increase of the oxygen concentration in 

the first part of December 2014. This abrupt change is also visible in the temperature and salinity 

curves (not shown). These changes coincides with a storm passing the west coast in the morning of 10 

December, which indicates the physical conditions large influence on short term oxygen conditions in 

shallow areas. Short events of low oxygen conditions are likely to influence the benthic ecosystem by 

favoring some species over others. 

 

Figure 4. Time series of oxygen for a 5-month period from 13 October 2014 to 4 March 2015 at 19 m depth in Laholm 

bay (Regional monitoring station L9). Blue line shows data measured with an oxygen electrode (Seabird SBE 37) 

mounted on a stainless steel tripod sitting on the bottom. Red dots show oxygen measurements from water samples 

from the marine environmental monitoring program and are available in the SHARK data base. 

2 Conclusions 

To find a simple but useful indicator for oxygen concentration that reflects eutrophication status and/or 

pressures has proven more difficult than initially thought. Lack of data in the Bothnian Bay and 

Bothnian Sea makes it hard to detect any trends in oxygen concentrations in these basins. We suggest 

that studies like Ahlgren et al. (2017) are carefully studied before continuing with the work to develop 

an indicator for eutrophication pressure from oxygen data. We have not been able to fully investigate 

trends in oxygen and the connections to pressures due to time constraints but the results from this 

study indicates that further work from a scientific viewpoint is of interest. Then a full study of both 

model data and measurement data should be performed. More research on oxygen dynamics in the 

Baltic Sea, primarily in the Bothnian Bay and Bothnian Sea, is needed to improve our understanding 

of the response to eutrophication pressures.  
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