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 Introduction  

Seasonal hypoxia is a recurrent problem in the inner Danish waters (Fig. 1) between 

the Skagerrak and the Baltic Sea because  the stratified water column  limits the  

ventilation of the bottom water. Oxygen is mainly supplied to the bottom layer  

through advection of water masses from the Skagerrak  (Fig. 2).  Hypoxia is most 

frequent I the southernmost areas  closest to the Baltic Sea where  the bottom 

water residence time is longest. If the bottom water residence time increases or if 

the oxygen is consumed faster due to increasing temperature or production this 

will reduce the oxygen content of the bottom water considerably (Bendtsen et al. 

2009, Hansen & Bendtsen 2013).  Here we present a model study of the 

consequences of a future temperature increase of 3 ᵒC for the bottom water oxygen 

conditions. 

 

 

• The expected temperature increase will cause 

the oxygen concentration to decrease 30-60 µM 

all year round and the extension of the hypoxic 

areas will increase up to 200 % in September.  

 

• Model studies show that the effect of increasing 

temperatures  can be compensated by reducing 

the nutrient level corresponding to a 30 % 

reduction in the export production. 
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Oxygen modelling   

Conclusions and possible 

adaptations  

Fig. 1: The Inner Danish waters between the Baltic 

Sea and the North Sea. Positions of monitoring 

stations used for model calibrations are marked. 

(From Hansen & Bendtsen 2013)    

Fig. 2:  Schematic view of the exchange of water 

masses between the Baltic Sea and the Skagerrak 

transecting the inner Danish Waters from 

Skagerrak to the Western Baltic Sea. Vertical lines 

indicate positions of monitoring stations as in Fig. 

(1)  

A new model, OXYCON has been developed (Hansen & Bendtsen 2013) to 

describe the oxygen dynamics of the bottom water of the area. The model 

considers three temperature dependent respiratory oxygen sinks due to pelagic 

and benthic microbial and faunal respiration. The temperature dependency of all 

respiratory sinks is described by a Q10-factor of 3. The respiratory rates has been 

calibrated to a carbon budget of the area assuming a below halocline respiration 

of 78 g C m-2 yr-1. Subsequently OXYCON has been implemented in a high 

resolution 3D model of the area (Bendtsen et al. 2009) to simulate the oxygen  

dynamics during a present day climate as observed 2001-2003 and during a 3 ᵒC 

warmer future climate (Bendtsen & Hansen 2013).  

Results   
The simulation of the oxygen distribution during the 

present day climate (2001 - 2003) corresponds well with 

observations from the area (Fig. 3).  The scenario 

representing a 3 ᵒC warmer climate shows that the 

oxygen concentration decreases even if the 

productivity of the system remain at the present day 

level (Fig. 3).  The area affected by hypoxia increases 

considerably (Fig. 4, mid panels). In years with strong 

ventilation of the bottom water, as in 2001, the southern 

Kattegat and most of the Belt Sea will be hypoxic (<120 

µM O2) in September and the same area will suffer from 

serve hypoxia (<60 µM) if the temperature is 3 ᵒC higher 

and the bottom water ventilation is weak as in 2002.  In 

order to keep the oxygen conditions at the present day 

level up to a 30% reduction in the total export 

production (reduced eutrophication) is necessary  in 

order to compensate for a 3 ᵒC temperature increase 

(Fig. 4j, 4k, 4l).  

Fig. 3: Model solutions of oxygen (µM)  at 30 m depth at station GB  during 2001-2003 (blue 

line). Symbols (black line) show corresponding observations of oxygen. Green line shows the 

oxygen in a scenario where the climate is 3 ᵒC warmer and the total respiration remain at the 

present day level and the red line represent a scenario where the respiration has increased 33 

% compared to the present day. Data from Bendtsen & Hansen (2013)    

Fig. 4: Monthly average oxygen concentration in September in the inner Danish waters. Upper 

panels  shows simulation of a reference scenario corresponding to the  climate in a) 2001, b) 

2002, c) 2003.  Mid panels show simulations of a 3 ᵒC  warmer climate scenario  for g) 2001,  

h) 2002 and I) 2003.  lower panels shows the corresponding climate scenario where the total 

carbon respiration has been reduced by 30% relative to the present day level  (data from 

Bendtsen and Hansen 2013).    


