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4 Outline

* Presentation of the TOPAZ4 system

— Choice of modeling and assimilation tools

* The 23-years physical reanalysis
— “Good health” of an Ensemble Kalman Filter
— Ocean variables
— Sea ice variables

* Plans for TOPAZ5 /perspectives
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¥ The HYCOM model at NERSC

m)[Ocean

* 3D numerical ocean model

— Hybrid Coordinate Ocean model, — — — — — _ _ _ _ _ _ _ _ _ _ _ _
HYCOM (U Mi aml) DIADEMZ2H, Temperatune section fcross Faez—lceland Ridge (Nov)

— Horizontal resolution 12 km
* Conformal mapping: uniform

* Hybrid vertical coordinate
— lIsopycnal in the interior
— Z-coordinate at the surface
— No sigma layers
— TOPAZ4 uses 28 layers

* Hybrid coordinates in the Arctic
— Sharp pycnocline

— Less spurious diapycnal mixing
(critical at high model resolution)
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Local HYCOM settings

e At Order scheme, momentum advection

— Used in near real time, but not in this reanalysis

* Sea ice coupled with HYCOM
— CICE V3, NERSC thermo
— No coupler, same code

e Still using sigma-0
* Rivers using ERA-Interim + TRIP
* No SSS relaxation if Delta S > 0.5 psu
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Ensemble Kalman filtering

Forecast Analysis
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Why gyaamic Data Assimilation in the Arctic?
Example of ice-salinity correlations in the Barents

ice
formation/
melting

Sakov et al., the TOPAZ4 system, OS 2012
Also see Lisaeter et al. Oc. Dyn. 2003
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Comparison of dynamical to static /

climatological covariances

Scattergram between ICEC and SSS
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Satellite and in situ Atmospheric
Observations from MyOcean TACs ECMWEF data

HYCOM
Ocean model

EnKF

Data assimilation

system
. Eco-

system model

Physical RT Biological RT Physical Biological

Forecast Forecast Reanalysis Reanalysis
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——— . SRF of TSLA, 23/4/2008

T

SRF of SST, 23/4/2008

L8 Assimilation

m)[Ocean .-
SRF of UICE, 23/4/2008

-z
* DEnKF, asynchronous | SRF ofVICE, 29ldz000 -
— 100 members SRF of T, 231412008
— Local analysis (~¥90 km radius) SRR, e )
— Ensemble inflation by 1%
* Observations: oo W )
— Sea Level Anomalies (CLS) o & *
— SST (NOAA, then UK Met) ‘ ik
— Sea Ice Concentr. (OSI-SAF) 12
— Sea ice drift (CERSAT) o :
— T/S profiles (Coriolis, IPY) Poc® ('Z;"G ' |
— 400.000 observations per week Sl b
— ~100 in each local radius . R £
SRF: local spread reduction factor . O’-i.:'. "
fHTR—1 - “(:3'
[>RF = VTR T
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The TOPAZ system again

m)/Ocean

sea_ice_thickness

Variable:
° EXp|0|ted Operat|0na||y at MET Units: m  Time: |2015-05-11 ~][00:00:00.000Z ~| Elevation: | |
Norway — -~ B
* Since 2008 |
. Variable: gross_primary_productivity_of carbon
) ECOSYStem COUpled Onllne Units: kg Time: |2o1r>os-11 _v_||oo 00:00.000Z ~| Elevation: [__.J
m-2

e 20 years reanalysis at NERSC
* Took 2 years to produce

e 3-years ecosystem reanalysis
e Assimilation of both physical

1.1574074e-7

and ocean colour data BN

. opaque j

* MyOcean/Copernicus a1
@ | =

0.000

* Arctic MFC
* Free distribution of data
* RT Data used by ECMWF wave
forecast model
e Surface currents

- 1.15740736e-1C
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Temperature Innovation Statistics 300- Eﬂﬂm
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Salinity Innovation Statistics 300-800m
IPY ITP proflles
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Sea Level Anomaly [m]

GLOBAL-REP_PHYS_001-013
TOPAZ Reanalysis (RMSE: 0.026 m)
TOPAZ FREE (RMSE: 0.026 m)

Low amplitude of seasonal signal

| | | | | | | | | | | I I I I
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Time

Same trend: 2mm/yr _ _
. No improvements, no degradation
Same performance wrt tide gauges
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SST [FC)

Arctic Sea Surface Temperature PC] Monthly Mean
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L] Current velocities near surface

Long—term Mean Velocity [m 5‘1] at 15 m Depth
Period: 1991-2010

TOPAZ FREE
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* Validation of 1993-2009 reanalyses, Egggg:
focus on vol & heat fluxes, 'FE;ZEjZ;’E
hydrography in the Nordic Seas __ bl

* Global / Arctic MFC

* NEMO / TOPAZ ]

* Monthly means ,both free runs and =i,
assimilated runs

* Mean, std, seasonal cycle and -
trends /
 LienV, S. Hjgllo, M. Skogen, H. Wehde,  en- 7
E. Svendsen, G. Garric, M. Chevallier, F. Tz

Counillon, L. Bertino (in progress)

T
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NEMO Free:
Slightly higher salinity,
temperature and speed than in
assimilated run

Depth [m]

TOPAZ free:

More saline AW core thanin
assimilated run, but AW depth
similar. Too weak currents.
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Temperature and velacity in Faroe-Shetland Channel (Assim)
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NEMO assim:
Realistic hydrography: AW
core at Shetland shelf slope;
sloping T and S surfaces; AW
above ~500 m. Too weak
currents

TOPAZ assim:
Realistic hydrography: AW
core at Shetland shelf slope;
sloping T and S surfaces;
AW above ~500 m.
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Fram Strait — Water masses

Fre run
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X 106 Arctic ice area anomalies

1.5
Free
1L Reana ||
— OSISAF
0.5

Free run shows a slower trend.
=1.5  Corrected by assimilation (as expected)
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Example 3-days end of March 2013

Observed ice drift: 20130329 - 20130331

£

"
PR A N
e aaw b,

AW Vg e
SRR D

Model ice drift: 20130329 - 20130331

,.\ A NN X SVESESERED Bt

Ay

DR b SIS

.......

OSI-SAF

TOPAZ

>
o
c
©
Q
3]
]
>
E

(Gmes




Ice drift seasonality

shortcoming of the EVP rheology
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x 10% Ice Volume [km"]
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TOPAZ reana2
TOPAZ free
= @ = Kwok et al. 2009

Too thin ice in reanalysis (degradation)

Corrected in next V5 system
IceSAT indicates smaller seasonal cycle of thickness
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178 Summary performance

m)[Ocean

e The Good:

— Constraint of ice edge within +/- 50km

— Processes related to presence of ice (mixing, blooms)
— Most input data respected simultaneously

— Useful for planning field experiments

e The Bad:

— Heavy computational burden
— Not yet eddy-resolving (planned for 2017)
— Insufficient advection of Atlantic Water to Arctic
— Sea ice too thin
 The Ugly:
— The sea ice model needs a new rheology to improve the drift
— Absence of sea ice biogeochemistry model
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Satellite and in situ Atmospheric
Observations from MyOcean TACs ECMWEF data

Sea-lce

/ model

EnKF HYCOM WAM
Data assimilation Ocean model Wave
system S~ model
Ecosystem
model

Physical RT Biological RT Physical Biological Waves
Forecast Forecast Reanalysis Reanalysis Forecast
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 Wave-induced mixing in KPP
— Hourly output in real-time / daily in reanalysis
— 1 post-doc position soon opened

* Double horizontal resolution (6 km)

* Double vertical resolution (50 z-rho layers)
e Sigma-2*

* Nesting in global NEMO model

* Biological model ECOSMO
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ed horizontal resolution

V1: TOPAZ4 (12 km) V4: TOPAZS (6 km)
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Lq Even further steps

m)[Ocean

e Sea ice model in (horizontal) Lagrangian
coordinates

— Consistent with solid mechanics (elastic-brittle
rheology)

— neXtSIM model (Rampal and Bouillon, OM 2015)
— Coupling through ESMF.

* Wish list for HYCOM developments:

— 1/0O to NetCDF (r/w access water columns) would
make assimilation code much simpler.

— Better cold halocline representation

=
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A new generation of sea ice models

First steps

vor rate (per day)
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