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From Vietnam
Undergraduate: UCLA , applied Geophysics
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Postdoc & the rest: ECCO 7




North Atlantic Meridional Overturning Circulation (MOC)

Arctic Ocean
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High latitude ocean circulation

Subpolar Gyre + Nordic Seas
gCircumGreenland current

ZWarm Atlantic Water
A Greenland Fjords
A Into Arctic Ocean

ZDense water in Labrador
and Nordic Seas

ZFreshwater from Greenland
Ice Sheet
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Arctic Ocean circulation

Atlantic Water (deep) [Woodgate, 2012; Polyakov et al., 20!
FEnters atFramStrait + Barents Sea Opening
A subductsto mid-depth
A follow topography

A potential heat source
to melt surface seace

Pacific Water

(mid depth & surface)
ZEnters at Bering Strait Atianic

ZFresh water (33% of Arctic FW budge i ey
ZHeat: near surface




Arctic Ocean temperature structure

[Carmack et al., 2017]
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Arctic Ocean: surface currents wind driven
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Panels shows SLP (black lines, hPa) wind directions (large arrows) and
Ekman transport (blue small arrows) typical for ACCRs (left) with Ekman
transport converging; and CCRs (right) with Ekman transport diverging.

Slide fromA.Proshutinsky



Arctic Ocean: Important to global Fresh Water cycle

Inflow through Bering Strait,

1% and 3% global ocean volume & surface area, _ :
Surface circulation,

receives >11% of global river discharge

Initial spreading
within the Riverine
Coastal Domain

moisture — ]

transported in the
subtropical via the

Trade Winds
Draining from
catchments into
the Arctic Ocean
Outflow through
CAA &FramStrait

Moisture transported to the
Arctic catchment basins by

Carmack et al., [2016]; mid-atitude (Westerlies)
Prowse et al. [2015a, 2015b] storm tracks

to lower latitudes




Challenges of (forward) modeling the Arctic
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Small baroclinic radius of deformation
(lengthscaleof fastest instability growth)

stratification
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Chelton et al [1998] Fi1G. 6. Global contour map of the 1° X 1° first baroclinic Rossby radius of deformation A, in kilometers computed by Eq. (2.3) from the ?—‘@)/

first baroclinic gravity-wave phase speed shown in Fig. 2. Water depths shallower than 3500 m are shaded.



Arctic basins

Challenges of (forward) modeling the Arctic

stratification: weak

1 0 o
AWKE = ———— N(z) dz, m = 1.
\flmm |,
large —— “—— ocean depth: shallow
Region Key Mode 1 (km) Mode 2 (km)
Summer Winter  Annual Annual
Deep Arctic Ocean
Amerasian Basin | 52
Eurasian Basin 2 4.6
Canadian Archipelago 3 29
Hudson Bay & Foxe Basin 4 1.9
Baffin Bay 5 29
Greenland Sea 6 2.6
[celand Sea 7 24
Norwegian Sea 8 30
Barents Sea 9 1.3
White Sea 10 1.4
Kara Sea 11 1.9
East Siberian Shelf seas 12 1.4
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[Nguyen et al., 2021]

Arctic Subpolar gyre sTate Estimate (ASTE)

AHigher resolution (lic270 based) with focus on

Depth [km]
Arctic and subpolar North Atlantic \Nee(\ 47.3N >
\) S= 5000
AOBCs: ECCOV4R* 1° global state eStImF‘c;,(;(e(eY\ ¢ CCO\'A‘M i
- 14000
Alnitial conditions: p&“a

90x90 grid points

3000

-T/S: spin up from WOA13v1
-sea ice: spin up from PSC Jan/2002

Aatmospheric forcings: JRA5

2000
1000

A3-D ocean mixing parameters:
-initial guesses

A20022017
- starts of ICESa& GRACE

Grid Spacing [km]

- better coverage of Argo
-begin of ITP deployment (2004)

ASTE grid: 10 20 30
1°grid: 30 60 90




Primary data constraints:

Low latitudes:

-ECCOv4r* standard obsSEH,
SST, Argo, XBT, CTDs, seal, mean PDMT,
-LineW, Gulf Stream

High latitudes:

- Ice concentration (OSISAF)
Ice thickness §MOS+
CryoSaf ICESag, ice drifts
moored T/S/U/NV & hydrographic

section,e.g, ITP, NABOS/CABOS,
BGEP/BGOS, WHOI & ICES databases

Arctic main gateways __
. . . [Rudels et al., 1994; Schauer et & 09,
e.g., Fram DaV|S, Benng StrailtSksenov et al.,, 2011; Woodgate, 2012;

Beszczynksa-Moller et al., 2012]




ASTE control space

) 1T EOEAI ' OAAT O &OT AOEI 160 DPAOAI O
optimized from Nguyen et al. 2011 _

A Sea ice drags Adjustable parameters (control space) :

A Sea ice albedos Ainitial T/S conditions

A Internal turbulence mixing O(10) Atime-varying atmospheric forcings

A3-D internal turbulence mixing

Important Forward Parameter(s): AUnresolve mesoscale eddies

A Viscous dissipation (circulation) ARedi (sopycnaldiffusion of tracers)

AGM (bolus transport)

Requires:
A Good knowledge of regional oceanography
—— A Good initial guess of ocean/ice state and
Input parameters




ASTE Release 1 22017 [Nguyen et al., 2021]

Extensive analyses on misfits, bias, budgets

AData at Arctic Data Portal
(arcticdata.io) &
UT ECCanirror site

https://web.corral.tacc.utexas.edu/
OceanProjects/ASTE/Releasel/




