Impact of Topography
on Circulation
and Water Mass Transformation
in 0.72° HYCOM-CICE Arctic Ocean

COAPS FSU NRL SSC
Dmitry Dukhovskoy Pam Posey
Eric Chassignet Joe Metzger

Alan Wallcraft

Acknowledgments: The work was supported by OPP NSF and HYCOM Consortium.
Contribution from Alexandra Bozec (COAPS FSU)




km

|
Cyclonic Ci

o Realistic’

2500

200 | Atlantic Lay

S

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

BRINEWATER FORMATION

7oy 1‘“ J

00 005_ g3 =
>
z<
i Sa
DEEPSEA CURVE PLUME 8 o
|curve %

t

“TENTRAINMENT

m T T
'

l 1 %
PYCNOCLINE

TSOPYCNAL e
- MIXIN E
[1 4
RECIRCULATION |- é;-.x
<t
ToP x5
— OF PLUME w
o
o
S

LOWER AT LANTIC
LAYER

DEEP WATER

'Aagaard, DSR, 1981

c Water

duced

3500



—2504Atlantic Water

inflow through Ej

Fram Strait : " ke SWEDEN _
Co:-’vl —_—
S:%oiraran " Svaibard NORWAY

Maintenance of the Thermohaline Structure

in the Arctic Ocean

————

<:I Barents Sea branch modified via cooling
and mixing with ambient water

Kara N

©

North Pole

Beaufort Gyre

—-1000
e

} e uUnNcoin Séa
W
GREENLAND
"_ Beaufort
‘ Sea s “-‘:n_
TN ¢ Baffir
) s)
| \\ Baffin Isf
in Isfand .‘,'3
\ ¢ .
| ~ \w., X
| ~ -~ - ’
- %
| ey -
I CANADA Y ,
: S ATLANTIC OCEAN
. . . . n . 1 ery.whoi.edu/arctic/circulation.html (5
0 ’ -

-15 -1 -05 05 1 1.5



0.72° HYCOM/CICE (ARCco0.72)
HYbrid Coordinate Ocean Model (HYCOM)

Los Alamos Sea Ice Model (CICE 4.0)  Horizontal Resolution (km)

ARCco0.72

0725 ARCC

- Closed (no-ice) in CICE
- Closed but with relaxation to climatology
in HYCOM




Topography in 0.72° ARCc
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Test Run with Simplified Topography
(ARCco0.72 — 060)

HYCOM Initialization:

CICE initialization:

HYCOM Spin-up:

Atmospheric forcing: 3 hourly NOGAPS 0.5° fields
Lateral OBs: relaxation to T/S climatology

Rivers: climatology
Barotropic/barocl At: 20 s/360 s
CICE At: 3600 s




Temperature Field at 200 m

ARCc0.72 — 060 (ST NRL)
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Vertical Cross-Section of the T Field

ARCc0.72-060 T, annual, Year=2006
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Model Experiments

ARCc0.72, 2003-2009, (COAPS): 1) Realistic Topography (“RT")

. 2) RT, closed Bering Strait
HYCOM Initialization: 3) RT, closed CAA

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

HYCOM/CICE Spin-up:

Atmospheric forcing: 3 hourly NOGAPS 0.5° fields
Lateral OBs: relaxation to T/S climatology
Rivers: climatology
Barotropic/barocl| At: 20 s/360 s

CICE At: 1800 s




Model Results
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ARCc0.72-040 T, annual, Year=2006 ARCc0.72-060 T, annual, Year=2006
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Temperature Profiles from ARCco.72 and GDEM

Eurasian Basin, <T>
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Volume Integrated Heat Content of Atlantic Layer

Nothward Volume Transport through Fram Strait, Sv e |
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Depletion and Cooling of Atlantic Layer in ARCco0.72

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).

SSH, GOMIN.04 - 011 Year: 2004; D= 033 SSH, GOMID.04 - 021 Year: 2004; D= 033




Origin of the Cold Anomaly in the T Field
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Conclusions

* 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!)
= QOpen CAA increases Atlantic water inflow through Fram Strait




