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Topostrophy

• Quantifying velocity as a scalar - topostrophy:

τ = 𝑽 𝑥 𝜵𝐷 𝑧
where V is the velocity vector, 𝜵D the gradient of total depth and z the unit vertical vector

• Positive τ indicates flow with shallower water to right (NH)

• In the case of the deep Arctic boundary current: cyclonic flow

Holloway, G., et al. "Water properties and circulation in Arctic Ocean models." Journal of Geophysical Research: Oceans 112.C4 (2007).



Topostrophy in uncoupled runs
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Topostrophy in coupled runs
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Bias AWI-CM vs ERA Interim
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Trying to tune the atmosphere



Trying to tune the atmosphere



Trying to tune the ocean

…



Test if wind bias is (solely) to blame 

• Compare topostrophy in FESOM standalone forced with CORE2 forcing to 

same simulation but with wind bias added 

• Added wind bias for now: constant annual mean bias

• Expectation: CORE 2 forcing gives correct circulation, adding the bias will result 

in wrong circulation as seen in coupled run

• Run on Core grid, coldstart 1958 from EN4 



Test results - Topostrophy

Control With wind bias added



Test results – Atlantic Water 

Control With wind bias added



Influences on AW layer and circulation

• Remote wind forcing (Nordic and Barents Sea)

➢ volume transport through Fram Strait (e.g. Chafik et al. 2015; Lique et al. 2015)

➢ dense water formation in Barents Sea and export through St. Anna Trough 
(e.g. Karcher et al. 2007)

• Local wind forcing (Beaufort Sea) 

➢ modification of halocline depth -> PV (e.g. Karcher et al. 2007)

• Ocean vertical mixing (e.g. Zhang and Steele 2007)



Where we are at

• Discovered a bias in the direction of Arctic deep circulation

• Potentially important for 

• Arctic basin heat content, 

• location of warm AW, 

• exchange of water masses between basins

• Impact on climate prediction ??



Where we are at

• Discovered a bias in the direction of Arctic deep circulation

• Potentially important for 

• Arctic basin heat content, 

• location of warm AW, 

• exchange of water masses between basins

• Impact on climate prediction ??

• Experiment suggests wind bias causes change in current direction

• Constrain atmosphere in coupled model ? Change atmosphere 

model ?

Questions ?
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Schematic Arctic Circulation II
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solid arrows, known flows; dashed 

arrows, presumed flows

Red arrows depict Fram Strait 

Branch (FSB) and pathways of 

Atlantic Water (AW). 

Dark blue arrows show Barents Sea 

Branch (BSB)

Light green arrows depict flow of 

Pacific Water (PW). 



Atmosphere model SLP bias 
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