
Structure of boundary current in the Eurasian Basin of the Arctic Ocean 
Andrey V. Pnyushkov1, Igor V. Polyakov1, Vladimir V. Ivanov2  

 1 International Arctic Research Center, University of Alaska Fairbanks,  2 Arctic and Antarctic Research Institute, St. Petersburg 

Acknowledgments 

BACKGROUND 

Typical boundary current structure 

Idealized model  

Summary 

Boundary current structure: model results 

Figure 1. (Left) Composite velocity section across the southern Eurasian Basin slope near 40oE 
from July-September 1980  [Aagard, 1989] . (Right) Vertical structure of the boundary currents 
along the AW pathway in the Eurasian  Basin of the Arctic Ocean. Dotted arrow at LM1 is 
obtained as a linear interpolation between available measurements at 761 and 1161m. 

Figure 3. (Left) Vertical cross-sections of current speed [cm/s] and (right) cross-shelf sea-level 
gradients along the AW path into the basin interior. 

Figure 4. Vertical cross-section of the simulated Nansen Basin temperature and salinity 
(330 km downstream from Fram Strait). 

Balance of forces 

The balance of forces showed that a opposite sign of 
density gradient in the upper and deeper layers results in 
the formation of the jet-like baroclinic structure of AW 
flow. 

Until recently  (e.g. [Aagard, 1989]) it was assumed that circulation of the intermediate 
(150-800m) water of Atlantic origin (the so-called Atlantic Water, AW) in the eastern 
Arctic Ocean is topography-steered confining with deep-basin margins and enveloping 
the shelf breaks (Fig.1, left).  However recent observations from Fram Strait (moorings 
F1-F4, Fig.1, right) show essentially barotropic structure of incoming transport 
[Schauer et al., 2004, 2008].  The mooring record from Svalbard area (~30E) (Fig. 1, 
right) showed a jet-like of the AW flow with a maximum velocity at ~200m [Ivanov et 
al., 2009]. Mooring observations over the Laptev sea slope showed erosion of the AW 
jet-like flow, and further eastward observations at the Lomonosov Ridge [Woodgate et 
al., 2001] found a barotropic flow with velocity generally decreasing with depth (Fig. 
1, right).   

Figure 5. Balance of forces for along-slope velocity component of 
the deep branch of AW flow in the Nansen Basin (330 km from 
Fram Strait). (-fU is the Coriolis force; Py is the cross-shelf pressure 
gradient force; Zy is the cross-shelf sea level gradient force; other 
components are indistinguishable from 0 at this axis scale). 

An idealized model used to explain the observed transformation of the boundary 
current pattern is 3D s-coordinate Regional Ocean Modeling System (ROMS) 
[Shchepetkin & McWilliams, 2005] with horizontal resolution of 3.3 km and 28 
vertical levels. 

Figure 2. Idealized model domain (left) and its approximate geographical location (right). Arrows 
show barotropic inflow used as an open boundary forcing. 

Figure 6. Typical vertical structure of boundary current for (top) the barotropic case and (bottom) 
the baroclinic case. 

Jet-like AW flow structure is caused by baroclinic balance 
of forces as a result of opposite cross-shelf density 
gradients in the upper and deeper layers. 
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