
WIND-DRIVEN CIRCULATION 

ON THE ARCTIC SHELVES

Acknowledgments: This work is funded by the NASA Ocean Vector Winds Science Team 

and Office of Naval Research. 

Dmitry Dukhovskoy
Center for Ocean-Atmospheric 

Prediction Studies 

Florida State University 

USA

Mark Bourassa
Department of Earth, Ocean and 

Atmospheric Science

Florida State University

USA



Arctic Ocean Freshwater (FW) Budget

Total FW inflow (km 3/yr): 

~7,950± 400

Based on: Serreze et al., 2006.

Rivers: 3,200± 110
P-E: 2,000± 200
Bering Strait (liquid): 2,500± 300
Bering Strait (ice): 140± 40
Norwegian current: 250± 50

Oceanic freshwater (FW) storage 

(Sref=34.8)

Liquid: 74,000± 7400 km3

Sea ice: 10,000 km3

Salinity, July 1993
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Total FW outflow (km 3/yr):  

~8,720± 700
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Annual Discharge(km3/year)
1. Amazon: 5330 ± 426 
2. Congo: 1271 ± 130 
6. Mississippi: 536 ± 130 
7. Yenisey: 577 ± 42
9. Lena: 526 ± 63
13. Ob: 397 ± 61
19. Mackenzie:   288 ± 29
24. Yukon: 203 ± 18
[Dai andTrenberth, 2002]

Fram Strait FW fkux:

Liquid: -2,700 km3/yr

Ice: -2,300 km3/yr 
CAA FW flux:

Liquid: -3,200 km3/yr

Ice: -160 km3/yr
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Ocean vertical velocity



Intensity of the Beaufort Gyre in the 
0.08 HYCOM-CICE Simulation

Area-Mean Vorticity of the Upper Ocean Currents in the Canada Basin

BG intensified

BG weakened

Mean U (m/s)
1993-2016
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Coupled 0.08° Arctic Ocean HYCOM ςCICE
Experiments with Freshwater Passive Tracers

ÅHydrodynamic Model : Hybrid Coordinate Ocean Model (HYCOM)

ÅSea Ice Model : Los Alamos National Lab. Sea ice code (CICEv4)

ÅOcean Vertical Grid : 41 hybrid layers

ÅHorizontal Grid : Bipolar grid, 0.08º (<4.1 km in the Arctic Ocean) and 0.04º (<2km in the Arctic)

ÅAtmospheric forcing : CFSR/CFSv2 fields

¶Lateral OBs: Nested into 0.08ÁGlobal HYCOM+NCODA Reanalysis (GLBb 0.08), 1993-2012

and GOFS3.1 analysis GLBb 0.08 for 2013-2016

ÅPassive Tracers : Greenland coast (1 tracer) + Major FW sources in the Arctic (4 tracers)

HYCOM Domain & Horizontal Grid Spacing (km)

Vertical Grid in 0.08 ° HYCOM
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FW Passive Tracers in 0.08 ÁHYCOM-CICE
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Tracer Fluxes across the Lomonosov Ridge Section
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River plumevariability, LaptevSea

2013

ROFI
ROFI

Sealevelpressure(mbar)

2014Salinity

2013: Easterlywinds, 
extensive ROFI, 
mooringin ROFI

2014: Southerlywinds, small
ROFI, mooringoutside ROFI

wind wind

From 2018 EGU presentation of Markus Janout, Alfred Wegener Institut
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Oxygen isotopes andNeodyniumcanquantify
freshwaterfractionandidentify river sources

Ob, 
Yenisey

(60/7 means: 60%Lena freshwater/ 
7%Ob/Yeniseyfreshwater)

Lena

Laukertet 
al., 2017

Janout et al., in prep.

From 2018 EGU presentation of Markus Janout, Alfred Wegener Institut



0.08 HYCOM-CICE Passive Tracer Experiment
Ratio of Tracer Concentrations (Lena/Yenisei &Ob)
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Annual Mean Upper Ocean Circulation from 
0.08 HYCOM-CICE 
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Conclusions

Å Freshwater masses tracked by passive tracers in the HYCOM-CICE model experiment 
have distinctly different pathways that vary seasonally and interannually

Å There is substantial interannualvariability in the pathways of the freshwater masses 
that is controlled by the large-scale ocean circulation (intensity and positioning of the 
BG and TPD) driven by  the atmospheric circulation.

Weaker BG and TPD are favorable for 
spreading of the Eurasian river water 

into the BG

Strong BG and positioning of the TPD result in 
predominant transport of the Eurasian river 

water to the Fram Strait

Å Local winds control spreading of the river plumes on the Arctic shelf and determine 
the freshwater composition of the local water masses





MsoscaleCyclone in the Laptev Sea
October 12-13, 2007

MODIS, 10/13/2008 1:40
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1st EOF and PC of the Spatially-Averaged Vorticity of Wind Velocity 
from CFSR/CFSv2 during 1993-2016 
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Area-Mean wind vorticity in 

the interior Arctic Ocean is 

estimated from the circulation 

theorem
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Tracer Fluxes across the Lomonosov Ridge Section

Canada 
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Annual Mean Upper Ocean 
Circulation from 0.08 HYCOM -
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Arctic Shelf Processes



Arctic Shelf Processes



Cyclone Statistics for the Eurasian Shelf Seas
from the CFSR Wind Fields, 1998-2010

Cyclone Tracking  from the Wind 
Vorticity ( )y and Speed Fields

Tracking criteria:
Å җy фŜ-5 s-1

Å Closed ycontour of a near-
circular shape 

Å Inside the closed ycontour, 
there exists local speed 
minimum

Å Max y ~ coincides with local 
speed minimum

Dukhovskoy et al., JGR, 2017
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Wind Statistics from CCMPv02.0 L3.0 RSS
1997-2016Region 9
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