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The FOAM system
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Forecasting Ocean Assimilation
Model (FOAM)

» Daily analyses and forecasts out to 5 days
» Surface forcing using 6 hourly NWP fluxes

» Assimilation of satellite and in-situ observations for
temperature, salinity, SSH and seaice concentration

 Distribution of information to the Navy

* Provides boundary conditions for the UK shelf seas
models (POLCOMS) as well as other external
organisations.



FOAM: System overview
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FOAM: Data assimilation

Met Office Temperature and salinity profiles Satellite and in-situ SST
(Argo floats, XBTs, CDTSs, buoys,...) (AATSR, AVHRR, AMSRE, METOP)

T

Seaice concentration Satellite Altimeter SSH
(OSI-SAF) (Jason 1, Jason 2, ENVISAT)
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FOAM-NEMO Configurations
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FOAM-NEMO system

 FOAM has recently transitioned to use the NEMO ocean model
and the LIM2 seaice model

» Global model uses a 1/4 resolution tri-polar grid (orca025) as
used by Mercator Ocean

» 3 higher resolution 1/12 regional configurations:
* North Atlantic basin
* Indian Ocean
* Mediterranean Sea

» All models use 50 vertical levels (z-coordinates with partial step)
with a 1 metre top layer and increased surface resolution



FOAM-NEMO: Configurations

Met Office

1/12 North Atlantic

1/12 Mediterranean

1/4 Global (orca025)

1/12 Indian Ocean







FOAM-NEMO hindcast runs

» Hindcast runs start 1st April 2005

» 1 year hindcast period for regional models and 2 year
hindcast for orca025

* All models were spun-up from FOAM-UM model dumps
(temperature and salinity fields)

* Spin-up consisted of 3 month model only run followed
by 3 month run with data assimilation

o Assimilation of GHRSST SST data from July 2006,
AVHRR Pathfinder data before this date

» Assimilation of seaice data from January 2006






Surface field analysis:
Sea Surface Temperature (SST)

OSTIA North Atlantic 1/12

Sea Surface Temperature (SST) daily mean fields over the North Atlantic basin
OSTIA (left) and FOAM North Atlantic 1/12 (right)



Surface field analysis:
Sea Surface Height (SSH)

ORCAO025 North Atlantic 1/12

8-day mean plots of ocean colour data (chlorophyll-a concentration logarithm) overlaid with
model Sea Surface Height (SST) contours in the Gulf of Mexico



Depth profile errors:
Temperature and Salinity
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Surface field analysis:
Sea Surface Temperature (SST)

OSTIA Mediterranean 1/12

Comparing Sea Surface Temperature (SST) monthly mean fields for March 2006
OSTIA (left) and FOAM Mediterranean Sea 1/12 (right)



Time series of errors:
Sea Surface Height (SSH)

RMS Error ——Mean Error ...
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Surface field analysis:
Sea Surface Height (SSH)

CLS Indian Ocean 1/12

Comparing Sea surface height (SSH) daily mean fields for mid May 2005
CLS (left) and FOAM Indian Ocean 1/12 (right)






Validation of orca025 hindcast
and comparisons with FOAM-UM

* Hindcast data for FOAM-UM model only available until
10t December 2005

e Comparisons limited to a 10 month period

* For the majority of this period the orca025 model was
still spinning up

» Despite this, comparisons between FOAM-NEMO
orca025 and the FOAM-UM 1 global model where
favorable.



FOAM-NEMO versus FOAM-UM :

Validation against observations

Statistics for the NEMO and UM global FOAM models

Time period: 1St Apr 2005 — 10" Dec 2005
Domain: Global
Quantity | ggt SSH MLD T-Prof S-Prof
Model (C) (m) (m) (C) (PSU)
NEMO 0.75 0.09 28.66 0.69 0.11
1/4° (-0.13) (0.00) (1.30) (0.03) (0.00)
0.78 0.12 25.28 0.70 0.11
UM 1°
(0.03) (0.01) (1.79) (-0.04) (-0.01)
Top line: RMS Errors in bold
Bottom line: Mean errors in (parenthesis)




FOAM Validation Summary

SST SSH MLD Temperature Salinity
(°C) (m) (m) (°C) (psu)
0.66 0.10 30.0 0.64 0.10
Global ORCAD25 (-0.14) (0.00) (+1.6) (+0.01) (0.00)
0.84 0.10 40.1 1.05 0.23
ORCAD25 (-0.05) (+0.01) (-0.5) (+0.02) (+0.01)
North Atlantic
0.95 0.11 41.8 1.06 0.21
NATL12 (-0.04) (-0.01) (-0.05) (+0.07) (0.00)
0.59 0.07 26.7 0.56 0.12
ORCAQ25 (-0.08) (-0.02) (+1.2) (+0.02) (0.00)
Indian Ocean
IND12 0.73 0.07 27.9 0.61 0.12
(-0.13) (0.00) (+3.0) (0.00) (0.00)
0.80 0.08 37.1 0.72 0.09
ORCAOQ25 (+0.05) (-0.04) (-3.3) (+0.04) (0.00)
Mediterranean
0.73 0.07 30.4 0.69 0.09
MED12 (+0.01) (-0.00) (+0.1) (0.00) (0.00)
Top line: RMS Errors in bold Bottom line: Mean errors in (parenthesis)




General observations from the
regional validation

» High resolution regional model fields compare well,
visually, with the OSTIA and CLS

* Regional models resolve SSH better than the global
model with much lower mean errors

« Salinity profile statistics also better for the regional
models

* Mediterranean Sea model performs better than
orca025 across the board. Most likely owing to the way
the open boundaries are implemented in the model?






Future work : hindcasts

 In depth hindcasts for all 4 models as follows:

» 2-year hindcast period from 1st January 2007 — 31st
December 2008

» Assimilating GHRSST data and OSI-SAF seaice
concentration data throughout

« GODAE metrics (transports through sections as well as
meridional heat transports and overturning streamfunctions)

* Bug fixes (bias correction, velocity balancing increments,
TKE restarting)



Future work : validation

Assessment of forecast skill

Current validation :

» Surface drifter analysis & comparisons with OSCAR

 ADCP & current meters (long-term)

SSH variability plots

Ocean eddy analysis :

* size and location using ocean colour

 EKE (Eddy Kinetic Energy) assessment

Ice extent and thickness






2 grid-interval wavelength noise:
1/12 Indian Ocean Model
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Current validation :
grid-scale noise

2 grid-interval wavelength noise

» Possibly owing to spatial averaging of the coriolis terms
because the u & v components of velocity are staggered in
space for the Arakawa C-grid

» Most noticeable in the higher resolution regional models, in
particular along the equator and coastlines

» Has been reported by other groups using C-grid models
(HYCOM, MIT ocean model, LAPS)



A targeted filtering scheme

* Filtering module based on a 2" order Shapiro scheme that
exactly removes 2 grid-interval wavelength oscillations (but
does dampen other modes)

» Targeted to only filter where these 2 gird-interval wavelength
noise exists

 Calculates ‘filtering increments’ based on this targeting every
X time-steps (where X can be chosen in the namelist)

» Option to apply increments all at once or ‘nudge’ a fraction
1/X in every timestep

e Work in progress!



Targeted filtering with a
2"d order Shapiro scheme

Results from a 30 day run from identical start dumps

Regular Run Filtered Run










NEMO-FOAM hindcast runs

« UM-FOAM dumps used for spin-up
orca025 - 1 Global
NATL12 - 1/3 Atlantic/Arctic
MED12 - 1 Global
IND12 - 1/3 Indian



