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Introduction 

Hypoxia: Why, where and when 

Consequences of hypoxia in the Baltic 

Perspectives for the future 

 

 

   



Larger than the size of Denmark (43,000 km2) 

Area with hypoxia averages ca. 49,000 km2 

Hypoxia  
O2 < 2 mg/L 



Gustafsson et al. 2012 

Note: The residence time 

time of the Baltic Proper 

is ca. 30 years 

Target for the 

Baltic Sea Action 

Plan 

Target for the 

Baltic Sea Action 

Plan 



Conley et al. (2002) 

Baltic hypoxic area reasonably well defined from ca. 1970 

to present from monitoring data 

Jan - Mar 

Aug - Sept 

Prior to 1970? 



Development of hypoxic area through time from monitoring data 

Carstensen et al. (2014) 

1,500 km2 65,000 km2 25,000 km2 



Mininum oxygen 

concentrations from 

monitoring data 

(1955-2009) 

Conley et al. 2011 

ES&T 

215 sites out of 613 

coastal units have 

experienced hypoxia 

(O2 < 2 mg/l) 

 

…and there is a trend 

for decreasing O2 



Limfjorden: Hypoxia changes rapidly 



Is hypoxia a natural feature  

of the Baltic Sea? 

 

Hypoxia in the recent past 

from geological data 

(laminated sediments) 



Hypoxia during the Holocene 
(the last c. 10 000 yrs) 

Sediment  
stratigraphy 

 

Zillén et al. 2008 
Zillén and Conley 2010 
 



Hypoxia during the Holocene 
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Zillén and Conley 2010 
 



Hypoxia during the Holocene 
(the last c. 10 000 yrs) 

Sediment  
stratigraphy 

 

Zillén et al. 2008 
Zillén and Conley 2010 
 



Some consequences of hypoxic 

for the Baltic Sea 



 

DIP and hypoxia through time in the Baltic 

Conley et al. 2002 

Note: Colors are DIP 
          Isopleths are oxygen concentrations 



 The ”viscious circle” 

kväve 
fosfor 

Phosphorus is bound to iron oxides 

under oxic conditions and then 

released under hypoxia.  

Spring bloom 
Summer cyanobacteria blooms  

and nitrogen fixation 

nitrogen 
phosphorus 



Why are there thresholds with hypoxia? 

Going back is difficult… Conley et al. 2009 



The future Baltic Sea? 



The response of the Baltic Sea to 

nutrient reductions will take time 

From Conley (2012) – redrawn from Meier et al. (2011) 



But why? 
 

Time scale of improvement is long (decades) 

- Geoengineering provides rapid improvements 

 

Costs of nutrient reductions to society are enormous 

- Geoengineering is a cheaper alternative 

 

Popular in the media and politically attractive 



What are we going to geoengineer? 

Baltic Sea eutrophication 



Can we add oxygen to the Baltic? 
(Conley et al. 2009, ES&T) 

The hypoxic area (oxygen < 2 mg/l) averages 49,000 km2 

 

20,000-60,000 railway cars of liquid oxygen each year to 

keep bottom waters oxic 

Would require 2-6 million tons oxygen to be added each year 



Model experiments 

Four generalized “engineering” solutions considered:  

 

1)  Deep water oxygenation 

     2-6 million tons oxygen needed each year. 

 

2)  Increase exchange across the Drogden Sill 

     More saltwater inflow creates more stratification 

       and more hypoxia. 

 

3) Closing the Drogden Sill 

     Short term increase in hypoxia (10-15 years), but 

       improved oxygen conditions after 30 years. 

 

4)  Halocline ventilation by mid-water mixing (80 m to 125 m) 

     The only engineering solution that improves conditions, 

but has potentially serious ecological effects. 

Conley et al. 2009, ES&T 



Baltic Deepwater Oxygen (BOX) 

Mechanically pump oxygenated water below  

     the halocline to oxygenate deep water. 

The Box Project and models (Stigebrandt and 

     Kalen 2013) showed a reduction in vertical  

     stratification and increase in inflows from the adjacent basin. 

PROPPEN Project 

At Sandöfjärden, Finland pumping proved insufficient to keep 

     keep the area oxygenated. 

But, mixing warmed bottom waters increased bottom water 

     oxygen demand!  

 

 



BOX-WIN   (http://BOX-WIN.se) 
Baltic Sea oxygenation and floating windpower demonstrator 

Who decides? 
 

Danish Energy Agency  

 

HELCOM has said no – Sept 2014 

   but the saga continues 



Scientific questions: 
 

How much would phosphorus be reduced? 
 

How would the Baltic react to more inflow events? 
    

Would destabilization of the water column allow 

     winter mixing to break through the halocline?  
  

What would happen to phytoplankton, zooplankton and larve? 

 

Consumer questions: 
 

Cost are enormous to set up the system; installation 

     and maintenance costs should also be included. 
 

Effect on shipping lanes? 

 

Management concerns: 
 

Would this reduce efforts and money for nutrient reductions? 



Phosphorus Sequestration 

Can we enhance the permanent burial of  

  phosphorus in sediments by precipitation? 

Energy and CO2 considerations with alum 

Ethical (reversibility)  

Legal considerations (London Convention) 

 

      



Change trophic interactions 

Let’s fish out the intermediate predators (sprat) 

in the Baltic Sea (PLANFISH) 

Oops, the cod are starving… 



Pathway to a healthier marine ecosystem based on 
 

• Basic knowledge 

• Monitoring & Assessment 

• Governance & Management 

• Action 



In all of the excitement of SEKs, DKKs & €€€s 

 

We must reduce nutrients for mitigation to be effective. 



Andersen et al. 2015 Biological Reviews 

The Baltic Sea is getting better! 
 

HELCOM Eutrophication Assessment Tool (HEAT 3.0) 
(Based on Chl, DO, benthic biomass, winter DIN/DIP, secchi depth, CDOM) 



Perspectives 

Model predictions are for a warmer, wetter climate 

 More nutrient runoff counteracts reductions, but a 

 fresher Baltic allows for more mixing across the halocline 

 Cyanobacteria blooms are likely to increase 

“Geoengineering” promises rapid improvements, but there are 

significant potential ecological effects 

 

We must focus on the prescribed nutrient reductions 

 

 

  



Thanks for listening! 

 

QUESTIONS??? 



Hypoxia = decomposition > renewal 
 

North 

Sea 

Blue color = saltier water (Major inflows) 

Baltic Sea 

Saltwater inputs into the Baltic Sea 



Data from SMHI 

February 2015 July 2015 
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