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1. Channels and Straits 

2. Shelves 

3. Continental Slope 

• Control inflow/outflow 

• Determine basin-scale circulation 

• Water mass transformation and 

production of high-density water 
through cooling and brine rejection 

during ice freezing 

• Sinking of high density shelf-derived plumes 

• Shelf-derived dense water 

contributes to the Arctic Ocean 
halocline and deep water (Aagaard, 

1981; Cavalieri and Martin, 1994; Jones 

et al., 1995) 

“Realistic” bathymetry Sill depth in Fram Strait is reduced 

Cyclonic Circulation of Atlantic Water Anticyclonic Circulation of Atlantic Water 

Yang, “The Arctic and Subarctic flux of PV 
and the Arctic Ocean Circulation”, JPO, 2005 

Based on Aagaard, DSR, 1981 

Maintenance of the halocline by lateral advection of 

shelf-derived water masses 

Aagaard, DSR, 1981 

Schamtic representation of high-density shelf plume 
sinking down the continental slope 



http://polardiscovery.whoi.edu/arctic/circulation.html 

Atlantic Water 
inflow through 
Fram Strait 

Barents Sea branch modified via cooling 
and mixing with ambient water   



Horizontal Resolution (km)  



Simplified Topography (“ST”)  Realistic Topography (“RT”) 

Open Bering 
Strait 

Open shelves 

Improved 
representation of 

CAA 

Better interaction 
between Barents 

& Kara Seas 



HYCOM Initialization: 
• From ocean only run (with energy loan ice model, 39 yrs of model 

integration performed at the Naval Post-Graduate School) 
 CICE initialization: 
•  From ice-only run 1999-2003     

Atmospheric forcing:      3 hourly NOGAPS 0.5˚ fields 
Lateral OBs:                  relaxation to T/S climatology 
Rivers:            climatology 
Barotropic/barocl t:      20 s/360 s 
CICE t:                       3600 s  

HYCOM Spin-up: 
• 5-year run with climatology  (ERA40) 
• 3-year run with 2000-2002 forcing 

Model Run: 2003-2006 



ARCc0.72 – 060 (ST NRL) GDEM-3  

Simplified 
Topography 
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HYCOM Initialization: 
• Climatology 
CICE initialization: 
• 3m ice where t < tfreezing 

Atmospheric forcing:      3 hourly NOGAPS 0.5˚ fields 
Lateral OBs:                  relaxation to T/S climatology 
Rivers:             climatology 
Barotropic/barocl t:      20 s/360 s 
CICE t:                       1800 s  

HYCOM/CICE Spin-up: 
• 1-year run with climatology   
• 5-year run with 2003 forcing 

Model Runs: 

1) Realistic Topography (“RT”) 

2) RT, closed Bering Strait 
3) RT, closed CAA 

4) RT, isolated Kara Sea 
5) ST (replicated NRL test run) 

Bering 
Strait 

CAA 

ARCc0.72, 2003-2009, (COAPS): 
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RT – closed CAA 



ST - NRL RT GDEM 

RT–Bering Str. RT–CAA RT–Kara Sea ST - COAPS 



ST-NRL RT 

RT-CAA 

RT-Kara Sea 

ST-COAPS 

-0.8C 0.8C 0C 



-0.04°C/year 

-0.03°C/year 





Atlantic water inflow is strongly underestimated in the model. 
Observations suggest northward flow through Fram Strait ~12Sv 

(Schauer et al., in: “Arctic-Subarctic Ocean Fluxes”, 2008). 

Possible reasons: 
1)   Unresolved flow structure in the Fram Strait 
2)   Relaxation vs nesting at the OBs 

Relaxation to climatology of T, S, and 

layer thicknesses along the lateral OB Nested into N. Atlantic 1/12° HYCOM 



ST - NRL ST - COAPS 

RT RT 

ST – NRL, COAPS 
RT – Kara Sea 



• Biases in thermohaline structure of the Arctic Ocean in the test 
run of ARCc0.72 with simplified topography (“ST”) are due to: 

Underestimated inflow of Atlantic water through Fram Strait 
Closed shelves  

• Model simulations with realistic topography (“RT”): 

Have better representation of the shelf circulation  
 Double the northward flow  of Atlantic water  through Fram Strait 
(still much lower than observed) 
Slower depletion/cooling of the Arctic Ocean Atlantic Layer 

• Model simulations with closed/open straits 

Bering Strait inflow does not play a noticeable role in the 
thermohaline structure  (for the coarse ARCc0.72 only!) 
 Open CAA increases Atlantic water inflow through Fram Strait 


