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Current development
* Modeling/DA:
o SST (Santha)
o Wave (Matt, Santha)
o0 % degree Ocean modeling (Yuri)
o Carbon fluxes (Watson, Cecile)
* New observing systems:
0 SSS (Aquarius Ludovic, Emanuel, Santha, ...)
0 Sea-Ice Freeboard (CryoSat, OIB, .. Nathan Kurtz)
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Coupled GEOS for the current MERRAOcean(GmMAO Ocean Sea-Ice reanalysis I

Ocean: MOM4pl (5 degree tripolar ocean grid resolution, 40 vertical levels)
Sea-Ice: CICE (Los Alamos National Laboratory)

Atmosphere: Fortuna 2.5 constrained to MERRA

Ex: 2012 minimum sea-ice extent
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Ocean Sea-Ice Observing System
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Ocean Sea-Ice Observing System

e 2003 d 2005
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Distribution of In-s/tu observations

Mostly Temperture
profiles,

very few Salinity
measurements



Assimilation methodology: EnOI




Assimilation methodology: EnOI

Use covariances from static background error to:
« Estimate S from T observations

« Estimate Ocean density from altimeter



Assimilation methodology: EnOI I

Sea level anomaly as a predictor of the 3D ocean temperature

Temperature anomaly DEC 1997

(Celsius) EN3
Sea level anomaly (SLA) DEC 1997 Est|mate from SLA (in-situ based analysis)
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Diagnostics: RMS of OMF |

1993-2005 2005-2011

Temperature [°C]

Salinity [psu]



Diagnostics: Over turning circulation (RAPID array) I

Source: NASA/JPL-Caltech
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Current development
* Modeling/DA:
o SST (Santha, Ricardo)
o Wave (Matt, Santha)
o % degree Ocean modeling (Yuri)
o Carbon fluxes (Watson, Cecile)
* New observing systems:
0 SSS (Aquarius Ludovic, Emanuel, Santha, ...)
0 Sea-Ice Freeboard (CryoSat, OIB, .. Nathan Kurtz)
o GRACE
o Reconstructed Sea-level



Skin SST development (modeling & analysis)
Santha Akella

Current Atmospheric DAS configuration: Skin SST = Bulk SST.

500 hPa Height Global Domain

= CTL (30.0) = EXP (ALL) (30.0)

New system: 100 AN A A SO AU S S—
Skin SST = Bulk SST + Sl TS
Diurnal warming — Cool skin + £ LT
9 : : R S LN A
Ana Increment §°'9°  Positive Impact on 5 day forecast ‘
2 085 : " : ; ‘ |

| 1 1 1 1 I I 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 4.5 5.0

Analysis Increment:

» All surface-sensitive IR
»including 3 AVHRR channels

» MW (GMI, AMSR-2) in-progress

—  —— Bulk SST is from UKMO OSTIA

L H i L
020 -0.10 -0.05 0. 0.20 0.40 0.80 0.80 1.00 1.20

SKIN - BULK SST (°K)




Skin SST development (modeling & analysis)

Weakly coupled- system:

Skin SST = Ocean surface T + Diurnal warming — Cool skin + Atmos Ana Increment
Ocean surface T:

Model T + Ocean Ana Increment

NOAA-PMEL Ocean Climate Stn. PAPA “reference” mooring

High quality, frequent obs since ~1950 P'Tmal Warmmj
éi . , . PAPA [59.0 -145.0] 3"
621 — obs(-lm) -- OSTIASST — T(EXP)| i , St
o581 ; e s ,
;a:,5_6- . : : o j\/
541 e T bl
~Ocean Surf T isimportant  Clouds & surf fluxes
45 04;'03 04}06 044:[)9 {)44:'1 2 044;1 5 {]4}1 8 04;’21 04}24 04;’27
900 ; ‘
800 |- [— obs(85m) — EXP ]
= 600}
S
@ mp
300 +
B |
100
o 04/03 04/06 04/09 04/12 0415 0418 04/21 04/24 04727
20 ; : . ‘ . : ‘ ; ;
N : : | j : |— obs(dm) — 10mwndspd(Exp)]
‘§ : 'x Ny 4 s : .‘“L, "‘-- s : {! .\ | s ‘r"'--“l
§ i _;__-__—_-;_-__-__;__—__; Al - T L -_-_.'_____'.:_'__'_.'_:::_'_.. elelieibeliett. T Astbelied l'lli"".ﬁ el st 'Sl & it it
H L \ A 3 :
; i AL S (N N ; ) ; ;
0 00 UTC 00UTC 00 UTC 00 UTC 00UTC 00 UTC 00UTC 00 UTC 00 UTC
03Apr 0BApr 09Apr 12Apr 15Apr 18Apr 21Apr 24Apr 27Apr

2012 2012 2012 2012 2012 2012 2012 2012 2012



Wave Model
Santha Akella, Matt Thompson

University of Miami Wave Model (UMWM)

Validation: Comparison with WaveWatch IIT

WW3 (NOMADS) 201 5/02/21-182 UMWM (GEOS Forcing) 2015/02/21-18:30z
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4 degree Ocean model for the next seasonal predicton system
Yuri Vikhliaev (0.25 deg Ocean) and Christian Keppenne (0.1 deg Ocean)

Configuration:

AGCM: 0.50 cube sphere, 72 vertical levels;

OGCM: 1/4 tripolar, 50 vertical levels (MOMb).



4 degree Ocean model for the next seasonal predicton system I

Global Currents: 200001 Global Currents: 200007
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4 degree Ocean model for the next seasonal predicton system

Agulhas Current: 200001

Quarter-Degree

10°S

20°S ko

0.90
30°S B
0.75
40°S
10.60
0° 20°E 40°E
10°S Half-Degree 10.45
20°S 0.30
30°S 0.15
40°S 0.00
(m/s)

0° 20°E 40°E

10°S

20°S

40°S

10°S

20°S

30°S

40°S

00

Agulhas Current: 200007

Quarter-Degree




4 degree Ocean model for the next seasonal predicton system

Arctic Currents: 200001 Arctic Currents: 200007
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4 degree Ocean model for the next seasonal predicton system I
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4 degree Ocean model for the next seasonal predicton system
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4 degree Ocean model for the next seasonal predicton system

Gulf Stream: 200001
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4 degree Ocean model for the next seasonal predicton system

Indian Ocean Currents: 200001
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4 degree Ocean model for the next seasonal predicton system I

50°N

40°N

30°N

50°N

40°N

30°N

120°E © 140°F

Kuroshio Current:

200001

Quarter-Degree

160°E

Half-Degree

..........................

OFONlteeeeeeeeeanon.

...............

...............

10.5

180 loa

180°
(m/s)

Kuroshio Current: 200007

Quarter-Degree

50°N

40°N

30°N

Half-Degree
50°N

40°N

30°N

120°E 140°E 160°E 180°

Komori et al., 2003



4 degree Ocean model for the next seasonal predicton system

Labrador Current: 200001 Labrador Current: 200007
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4 degree Ocean model for the next seasonal predicton system I
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Carbon Fluxes using the NASA Ocean Biogeochemical MERRA-Forced Model CO, Fluxes
Model (NOBM) (Gregg, W.W. & Rousseaux, C.S.- Carbon i .
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New observing systems: L2 Aquarius SSS

Overview of SAC-D/Aquarius
observation scheme (image credit: NASA,
CONAE)

Tb Estimated from the 3 Aquarius
radiometer operating at 1.4Ghz™~_,

%: e(sss, sst, freq,...)

NOAA OISST (Reynolds‘)/



New observing systems: L2 Aquarius SSS

Correction of the L2 SSS
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New observing systems: L2 Aquarius SSS
BIAS

Aquarius-Argo

Ascending




New observing systems: L2 Aquarius SSS
BIAS

ANN: Aquarius-Argo

Ascending

Descending




New observing systems: L2 Aquarius SSS
RMSD

RMS Aquarius-Argo
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New observing systems: L2 Aquarius SSS
RMSD

ANN: RMS AQ-OBS
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New observing systems: L2 Aquarius SSS

DA experiments
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New observing systems: Monthly average estimate of Sea Ice Thickness
Nathan Kurtz

Operation lceBridge

CryoSat-2 e ICESat-2
2010 - 2015 2016-2020

ICESat ,
2003 - 2009 ﬂ@f

Operation IceBridge
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New observing systems: Monthly average estimate of Sea Ice Thickness

Analysis methodology:
Ensemble (62 members) Kalman Smoother to assimilate monthly mean
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New observing systems: Monthly average estimate of Sea Ice Thickness

Volume [1000%m* |

Cov(+, sea-ice thickness 2012 Oct 1)
<l " ‘ Y

it
.....

-
......
.....
o
'-"

0.09
............ 0.06
0.03
o~
0.00 E
.............................. -0.03
—0.06
10p
1 —-0.09
ol
2|
0\1‘ X 1(,9 . 20 10«,1 0% 10&'5



New observing systems: Monthly average estimate of Sea Ice Thickness

Volume [1000%m* |

Cov(+, sea-ice thickness Oct 15 2012)

—0.06

—0.09




New observing systems: Monthly average estimate of Sea Ice Thickness

Volume [1000%m* |

Cov(+ sea- |ce thickness Nov 1 2012)
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New observing systems: Monthly average estimate of Sea Ice Thickness

CryoSat-2 10/2012/ Analysis 10/01/2012
— .




New observing systems: Estimate of Ocean Bottom Pressure (GRACE)
Scott Luthcke, Richard Ray, Briant Loomis, Brian Beckley, Frank Lemoine

LWE: Jan 2003

GRACE GFC

bottom pressure retrieval? -
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New observing systems: ~Monthly average reconstructed Sea Level
Richard Ray, Scott Luthcke, Briant Loomis, Brian Beckley, Frank Lemoine
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