
Abstract
A new global tidal model FES 2012 has developed taking advantage of nearly 20
years of altimeter time series, improved modelling and data assimilation
techniques, and more accurate ocean bathymetry. Special efforts have been
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1. FES2012 hydrodynamic configuration
• Bathymetry: all quality datasets have been used to build a composite global 

bathymetry: 
• Global : GEBCO (30’’ & 1’)  Smith & Sandwell release14  ETOPO1 (found to be inappropriate)dedicated to address the major non-linear tides issue and to the determination of

accurate tidal currents.
Several validation diagnostics have been performed, versus in situ data and
altimetry (Jason missions, ENVISAT), in spectral and temporal domains; results
are presented here. We also present the future improvements envisioned in the
forthcoming FES 2014 version.

Global : GEBCO (30  & 1 ) , Smith & Sandwell release14 , ETOPO1 (found to be inappropriate)
• Regional: hydrographic services, PANGEA, IBCAO-IHO

• Mesh : Initial mesh is FES2004 mesh. Then the following strategy has been 
applyied:

• Locally resample FES2004 coastlines (Antarctic, Baltic sea …)
• Diminish open ocean max size (now 75 km)
• Increase mesh resolution above bathymetry slopes (ridges, continental shelves)
• Iterative approach

• T-UGO model equations :
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2. FES2012 assimilated database
• Nearly 20 years of altimeter data have been used and harmonically analyzed

•Time series for along-track 1Hz measurements + Crossovers
•TPJ1J2 TPNJ1N E1E2EN GFO
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M2 – TPJ1J2 M2 – E1E2EN•TPJ1J2, TPNJ1N, E1E2EN, GFO
•CLS/CALVAL/PVA-2010 databases have been used

•DAC_ERA_interim correction is used for TP mission
•the COG correction is not used
•A multimissions orbit-error is used for GFO and ERS-EN missions

• Most of the alias issue have vanished in T/P and Jason nominal mission => along-track
data of very good quality

•This is not the case for the T/P interleaved mission nor for GFO or ERS/EN missions =>
need to use crossovers.
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3. Validation results in spectral domain
Performances estimated for 3 tidal gauges databases and for a global 

altimeter tidal constituents database from CTOH : http://ctoh.legos.obs-
mip.fr/products/coastal-products/

4. Validation results in temporal domain
••ValidationValidation versusversus altimetryaltimetry inin multimulti--missionsmissions contextcontext (J(J11,, JJ22,, ENEN andand CC22),), vsvs.. tidaltidal gaugesgauges
(TG)(TG) andand alsoalso focusingfocusing onon mesoscalemesoscale andand climateclimate signalssignals..
••StrongStrong improvementimprovement ofof FESFES20122012 vsvs FESFES20042004,, particularlyparticularly inin continentalcontinental shelvesshelves regionsregions
••ComparingComparing FESFES20122012 withwith GOTGOT44..88::

•• seasonalseasonal improvementimprovement duedue toto veryvery highhigh latitudeslatitudes impactimpact (ice(ice cover)cover)
•• improvementimprovement inin somesome coastal/shelvescoastal/shelves regionsregions
•• ifif lookinglooking onlyonly atat |LAT||LAT| << 6060°° ,, FESFES20122012 isis equivalentequivalent toto GOTGOT44VV88

••TheThe SSHSSH crossoverscrossovers variancevariance isis raisedraised inin somesome regionsregions (red(red areas)areas) showingshowing aa locallocal degradationdegradation

Coastal TG Shelf TG
M2

Vector differences at TG (cm)

gg (( )) gg gg
ofof FESFES20122012,, likely due to some local bathymetric issues (such as the Hudson bay), mesh issues
or a lack of assimilated data
•Validation with C2 shows similar results as J1-J2 and EN:

•Improvement in Pacific, south Atlantic, China seas, Bering, north Russia (blue areas)
•Variance raised in same regions (red points)

•• ImpactImpact onon climateclimate temporaltemporal scalesscales::
•• nono significantsignificant impactimpact onon longlong termterm trendstrends
•• decreasingdecreasing ofof residualresidual MSLMSL 5858..7474 daysdays signalsignal exceptexcept inin southernsouthern OceanOcean
•• somesome impactimpact onon annual/semiannual/semi--annualannual signalssignals isis detecteddetected forfor ENEN onlyonly
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5. Conclusions and perspectives for FES2014
FES2012 shows good performances compared to other global tide models
(FES2004, GOT4.8, DTU10) particularly in continental shelves regions, although
it does not assimilate tidal gauges yet. However we have identified a few regions
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were the new model tends to raise the residual SSH crossovers variance. Note
that FES2012 tidal atlas (elevations and currents) are available on a regular
grid of 1/16° and can be downloaded on the AVISO website:
http://www.aviso.oceanobs.com/en/data/products/auxiliary-products.html

A new FES 2014 version is planned for mid-2014; the objective is to improve
the tide model performances particularly in the regions where a raise of the
SSH variance has been identified. First, FES 2014 will benefit from recent
developments in the physical and numerical modelling of T-UGOm and that
already allow for dividing the error of the pure hydrodynamic model by a factor
2. Additional upgrades will be carried out, such as improvement of the
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bathymetry and local increases of the resolution, which would be of great
interest for coming SWOT mission; moreover a larger assimilation dataset
(including tidal gauges and high latitudes data) will be used.
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