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Objective: To provide validated operational forecasts and a 20-years reanalysis for the Arctic Ocean as part of the MyOcean marine core service.

Means: The TO PAZ system is based on an Atlantic and Arctic configuration of HYCOM and runs with the EnKF. The nominal real-time system is operated at met.no
and the NERSC provides the reanalysis as well as a backup of the forecast system. An ensemble of 100 members provides multivariate flow-dependent error covariances and
a single member provides a 10-days ocean and sea-ice forecast every day.

Consortium: The Arctic Marine Forecasting Center (MFC) is a collaboration between NERSC, met.no, IMR (No) and NIERSC (Ru).

Organization
The Arctic MFC is lead by NERSC, which remains the main developer
of TOPAZ and produces the reanalysis, met.no contributes with sea-ice
developments, operations of the real-time system, and its certification.
IMR contributes with the NORWECOM ecosystem model developments
and leads the validation activities. All partners participate to the system
validation.

System evolution
Successive MyOcean versions

• V0 (Apr. 2009): TOPAZ3, RT Assimilation of SLA from CLS, Reynolds
SST, ice concentrations from AMSR-E, ice drift from CERSAT, Argo
T&S profiles from Coriolis.

• V0.1 (May. 2010): RT Switch to track SLA, high-res. SST from OSTIA.
Smooth localization in EnKF.

• V1 (Dec. 2010): TOPAZ4, certification and Integration to MyOcean
Information System. Upgrade to HYCOM v2.2, increased vertical res-
olution from 22 to 28 layers. Daily forecasts at met.no. Reanalysis 5
years (2003-2008), new ice age product.

• V2 (Apr. 2012): Reanalysis extended to 20 years (1988-2008). Ecosys-
tem in RT and reanalysis with HYCOM-NORWECOM.

Products and indicators
The Arctic system provides output along the MyOcean/GODAE standards:

• Class1: 3D interpolated fields on a polarstereographic grid of resolution
12.5 km. Physical ocean and sea-ice variables.

• Class2: 2D sections and moorings in the Arctic where data are available.

• Class3: Integrated sea-ice and water fluxes time series.

• Class4: Differences of forecast, nowcast and analysis fields to observa-
tions.

The products are NetCDF files provided on an OPeNDAP/THREDDS
server or password-protected FTP. Most of the results on this poster can
be reproduced from the data server.

TOPAZ3 ice thickness during the sea-ice minimum in Sept. 2009.

Examples of indicators provided by the TOPAZ system. Southward
Arctic Water transport (left) and net sea-ice volume transport (right)
through the Fram Strait from 2007 to 2009. Positive is southward.
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TO PAZ3 sea-ice cover and SST analysis on 11th March 2010.

Data Assimilation

Status: The EnKF assimilates simultaneously satellite and in-situ
data. The assimilation of glider profiles has been tested successfully in
collaboration with the Norwegian Naval Research Institute (FFI). The
assimilation of altimeter tracks and sea-ice drift is done in asynchronous
(4D) mode. The local assimilation efficiency is measured by the reduction
of Degrees of Freedom of Signal (DFS), in the example above, the DFS
exhibit locations where the assimilation is most efficient: along the ice
edge, in the Gulf Stream, along altimeter tracks and close to Argo floats.

Plans: The Ice-Tethered Profilers temperature and salinity data from the
DAMOCLES IPY project will be included in the assimilation of in-situ
data, then the surface temperature and salinity from the Ferrybox project.
The ESA CryoSAT sea-ice thickness and SMOS surface salinity should
then be assimilated if the products are available in real-time. A new Mean
Dynamic Topography based on the GOCE data will then be included in
the V2 system.
Fortran and Matlab packages are available on the EnKF distribution page:
http://enkf.nersc.no

Calibration and Validation

Consistency. V0, V1 system and AWI salinity section in the Fram Strait
(beware the different colour scales). The inflow of saline NA waters is
improved in the new model system.

Accuracy / Performance. Sea-ice forecasts in the Barents Sea are rou-
tinely evaluated against persistence of the last observations assimilated and
the posterior analysis (best guess). Above is the example for the bulletin
on 24th Feb. 2010.

Physical modeling
The latest HYCOM v2.2 version has been adapted to the Nansen Center
interface (sea-ice model, grids by conformal mapping, nesting). The
sea-ice model has been improved with a more advanced advection scheme
(WENO), and a correction for subgrid scale heterogeneities of the snow
cover. The river discharge is a monthly climatology based on average
ERA-Interim run-offs fed into the hydrological model TRIP (Oki & Sud,
98).

Ecosystem modeling

The coupled model: NORWECOM (the NORwegian ECOsystem
Model) is provided by IMR and coupled online to HYCOM v2.2. Land-sea
fluxes of nutrients are based on the GlobalNEWS project. Simulated
monthly 2008 surface Chlorophylla concentrations from the coupled
HYCOMv2.2 - NORWECOM model. Improved parameterizations for the
Arctic, developed at IMR, is expected to be in place by the end of the year
2010.

Biological data assimilation: The EnKF is also used for
state estimation and parameter estimation in the HYCOM-NORWECOM
model. Surface Chlorophyll obervations are assimilated by the EnKF
using a Gaussian anamorphosis, biological parameters such as mortality
and grazing efficiency are estimated by state augmentation.

Users
The Arctic MFC is used:

• at ECMWF as input to wave forecasting in the North Atlantic until the
ice edge,

• in the DAMOCLES IPY Project for downscaling to a high-resolution
model of the Fram Strait and supporting acoustic tomography array
design.

• at met.no for oil spill monitoring,

• at NERSC for modeling iceberg trajectories,

• by the oil and gas industry for prospective studies for future gas ex-
ploitation in the Arctic. An improved sea-ice rheology for the Marginal
Ice Zone is implemented as a contribution from TOTAL E&P (see poster
from D. Dumont, NERSC).

• by the Arctic ROOS: http://www.arctic-roos.org

Users can register on the MyOcean Service Desk.

MyOcean R&D projects

ProbaCast will explore the potential of probabilistic forecasts for the sea-
ice and SST, based on a small ensemble extacted from the 100-members
EnKF ensemble. Lead: A. Melsom, met.no.

Wave dependent momentum fluxes in operational oceanography
will establish the induced ocean stress due to surface waves as an
end product from numerical wave prediction models. Lead: K.
Christiansen, met.no.

Harmony on Ice will compare the sea-ice models used in the Arctic and
Global MFCs. Lead: L. Bertino, NERSC.

IMR and met.no will in addition participate to the project Pan-
European river run-off lead by L. Funkvist (SMHI) that will put the
model E-HYPE in operational use.

The TO PAZ system is at the core of the Arctic MFC.

• It is assimilating data from MyOcean Thematic Assembly
Centers for SLA, SST, ice concentrations, ice drift, in-situ
Argo profiles.

• It will provide standard NetCDF files following CF1.4 con-
ventions through the MyOcean Information System, allow-
ing viewing, downloading and subsetting services.

• Users are invited to register on http://www.myocean.eu.org


