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Background 
This document contains key messages for the primary parameter ‘Stratification and ocean circulation’, as 

provided by the lead author Jukka Käyhkö. 

 

Action requested 
The Meeting is invited to review the final key messages, provide possible comments for finalization of the 

key messages and endorse them to be sent for peer review. 
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Stratification and ocean circulation 
Affiliation of experts 

1. Description 
Stratification is determined by vertical density gradients following the temperature and salinity distributions in the ocean. 

Stratification controls vertical and horizontal transports. The strongest density gradients correspond to the thermocline 

(strong temperature gradient) and halocline (strong salinity gradient).   

In the Baltic Sea, a pronounced halocline persists over the year between 60-80 meters in most deep regions. During the 

warm season a thermocline develops at much shallower depths (10-20 meter). The forces of the winds (i.e. wind stress 

working at the air water interface) can potentially homogenize the water column fully (some shallow water regions) or 

partly (deep water regions) and thus influence stratification. 

Links to other parameters: 

Temperature (sea) and heat waves 

Salinity and saltwater inflows 

Nutrient concentrations and eutrophication 

Oxygen concentration and hypoxia 

Wind and wind extremes 

Runoff and runoff extremes 

Solar radiation and cloudiness 

2. What is already happening? 
Mean change 

Level of confidence: low 

During the historical past, the haline stratification was dominated by the sporadic inflow events from the adjacent North 

Sea. no long-term trend in the Baltic Sea salinity can be robustly deduced so far (1). However, a likely trend towards 

increased horizontal salinity differences between the northern and southern Baltic Sea was detected (1). Sea surface 

temperatures have been risen by about 0.03 K/decade between 1856 and 2005 (1). 

During 1982-2016, stratification has increased in the Baltic Sea. The seasonal thermocline and the perennial halocline 

have strengthened in most of the sea by 0.33–0.39 and 0.70–0.88 kg m−3, respectively, during these 35 years (2).  

Extremes  

Level of confidence: N/A 

3. What is expected to happen? 
Mean change  

Level of confidence: medium 

Theoretical considerations imply that increased freshwater supply over the Baltic Sea drainage basin accompanied by 

the supply of deep salt rich waters from the North Sea as well as warming of the surface layer would favor stronger 

stratification. Thus, the future development of stratification mainly depends on how the Baltic Sea surface will warm up 

compared to deeper layers and how freshwater supply and saltwater inflow will change. Increased vertical summer 

stratification due to warming was confirmed by multi-model scenario simulations (3) whereas projections of salinity and 

related haline stratification changes are rather uncertain. 

Extremes 

Level of confidence: N/A 
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4. Knowledge gaps 
The complex interplay between changes in temperature, wind and precipitation makes it difficult to project the impact 

of future climate on stratification. Furthermore, stratification is subject to complex and not well-known processes like 

mixing (e.g. winter convection), which may change in future climate as well. Trends in surface temperature can be 

expected to follow the change in air temperature due to air sea heat exchange. Here global models highly agree at least 

qualitatively. However, the fate of salinity is rather uncertain. Due to the pronounced multidecadal variability in measured 

water temperature and salinity, any conclusion on long-term trends related to past changes in climate cannot be drawn. 

 

5. Policy relevance  
Direct consequences of increasing stratification are that mixing between well ventilated surface waters and deep 

waters weakens. This makes the Baltic Sea more vulnerable against deoxygenation of bottom waters and affects the 

marine ecosystem such as the reproduction of cod. An increase in thermal stratification during summer can additionally 

lower the vertical nutrient transport from deeper layers to the euphotic zone thereby limiting nutrient supply and 

potentially affecting cyanobacteria blooms. 
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Commented [A1]: Is there any reference proving that 
summer stratification triggers cyanobacteria blooms? 

Commented [A2]: This paragraph is only about the 
relevance suggesting that systematic changes in stratification 
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moved to other key messages. 

https://doi.org/10.1007/s00382-018-4330-0
https://doi.org/10.1007/s00382-018-4330-0

