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Data assimilation in the ocean

Kristian S. Mogensen
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Outline of lecture

Å Ocean circulation and modelling in 2 slides.

Å Applications of ocean data assimilation:

ü Importance of ocean data assimilation on the seasonal forecasts.
ü Ocean data assimilation and historical ocean reanalyses.

Å The ocean observing system

Å Ocean data assimilation systems

ü Background co -variances
ü Balance relationships for salinity and velocity
ü Altimeter assimilation
ü Bias correction
ü ECMWFôs current (S3) and future (S4) assimilation systems
ü Ocean reanalysis

Å Future directions

ü Ocean in the Medium Range forecast
ü Ocean initialization for climate projections
ü The ñmythò of coupled data assimilation
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Ocean circulation: some facts

Å The radius of deformation in the ocean is small (~30km).  So 
one expects things to happen on much smaller scales than in 
the atmosphere where the radius of deformation is ~3000km.

ü [Radius of deformation =c/f where c= speed of gravity 
waves.  In the ocean c~<3m/s for baroclinic processes.]

Å The time scales for the ocean cover a much larger range than 
for the atmosphere : slower time scales for adjustment .

Å The ocean is strongly stratified in the vertical.

Å The ocean is forced at the surface by the wind, by 

heating/cooling and by fresh water fluxes ( precip -evap ) .

üFor modelling this means that uncertainty in forcing fluxes 
contributes to uncertainty in model results.

Å The electromagnetic radiation does not penetrate into the 
ocean, which makes the ocean difficult to observe from 
satellites.
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1. The blue ocean: ocean dynamics.

üPrimary variables: potential temperature (T), salinity (S) 
and current (U,V).

üDensity is a function of T and S though the equation of 
state.

o Typical a regression is used.

2. The white ocean: sea - ice.

3. The green ocean: biogeochemistry.

Å Coast lines and bathymetry can be major headaches.

ÅSince ECMWF is not doing sea - ice (yet) or 

biochemistry modelling the present lecture only 

discuss the blue ocean.

Ocean modelling components:
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Why do we do ocean analyses?

Å Climate Resolution (global ~1x1 degrees)

ü To provide initial conditions for seasonal forecasts.

ü To provide initial conditions for monthly forecasts 

ü To provide initial conditions for multi -annual forecasts 
(experimental only at this stage)

ü To reconstruct the history of the ocean (re -analysis)

Å High resolution ocean analysis (regional, ~1/3 -1/9 -1/12 

degrees)

ü To monitor and to  forecast the state of the ocean

Defense , commercial applications (oil rigs é)
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Basis for extended range forecasts: monthly, 

seasonal, decadal

Å The forecast horizon for weather forecasting is a few days. 
Sometimes it is longer e.g. in blocking situations 5 -10 days.

Å Sometimes there might be predictability even longer as in the intra -
seasonal oscillation or Madden Julian Oscillation.

Å But how can you predict seasons, years or decades ahead? 

Å The feature that gives longer potential predictability is forcing given 
by slow changes on boundary conditions, especially the to the Sea 
Surface Temperature (SST)

ü Atmospheric responds to SST anomalies, especially large scale tropical anomalies

ü El Nino/Southern Oscillation is the main mode for controlling the predictability of the 
interannual variability.
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ÅIn the equatorial Pacific, there is 
considerable interannual variability. 

ÅThe EQSOI (INDO -EPAC) is especially 
useful:  it is a measure of pressure shifts 
in the tropical atmosphere but is more 
representative than the usual SOI 
(Darwin ïTahiti).  

ÅNote 1983, 87, 88, 97, 98 .

Sea Level Pressure (SOI) Sea Surface Temperature (Nino 
3)

Nino 3Nino 3.4

ÅSST variability is linked to the 

atmospheric variability suggesting a 

strongly coupled process.
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Delayed Ocean 

Analysis ~12 days 
Real Time Ocean 

Analysis ~Real time

ECMWF:ECMWF:

Weather and Climate Dynamical Forecasts

15-Day 15-Day 

Medium -Range 

Forecasts

Seasonal 

Forecasts

Monthly 

Forecasts

Ocean model

Atmospheric model

Wave model

Atmospheric model

Ocean model

Wave model
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Ocean Data Assimilation Activities in the 
Community

ÅOperational real time high resolution, mostly 
regional, no reanalysis:

FOAM (Met Office), MERCATOR, NRL, CSIRO é

ÅOperational real time, global, reanalysis 
(seasonal/decadal  forecasts): ECMWF, Met 
Office, Meteo -France/MERCATOR, NCEP, MRI, 
JMA é

ÅResearch, mainly climate reanalysis: ENACT 
consortium, ECCO consortium, GSOP.
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The Ocean Observing system
XBT (eXpandable

BathiThermograph )
Moorings

Satellite

SST

Sea 

Level

ARGO floats

Elephant seals
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Time evolution of the Ocean Observing System

XBTôs 60ôs      Satellite SST  Moorings/Altimeter ARGO 

1982 1993 2001

1998-1999 

PIRATA

TRITON

Gravity info: 

GRACE

GOCE

2008

SSS info: 

Aquarius

SMOS



Training Course 2010 ïNWP-DA: <Ocean Data Assimilation> 12

Changes to the T/S obs. network 

ÅVery uneven distribution of observations.
ÅSouthern ocean poorly observed until ARGO period.
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No. of T obs. as function of time
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No. of S obs. as function of time
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SSH observational coverage 20060101
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No. of SSH obs. as function of time
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Ocean assimilation systems

ÅCan be based on optimum interpolation (OI), 

variational techniques ( e.g. 3D/4D -Var) or various 

ensemble Kalman filter based methods.

üOr various hybrid combinations.

üJust like for the atmospheric systems.

ÅHow to deal with coast lines is not trivial.

üE.g. we donôt want increments (result of analysis) from the 
Pacific to propagate to the Atlantic across Panama.

ÅTo avoid initialization shock increments are typically 

applied via Incremental Analysis Update (IAU) which 

applies the increments as a forcing term over a 

period of time.
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Ocean assimilation systems 2

ÅIn the following I will use the ñNEMOVARò 

assimilation system to illustrate the ocean 

assimilation process.

üVariational system under development by CERFACS, 
ECMWF, INRIA and the Met Office for assimilation into the 
NEMO ocean model.

üThis system will be adopted by ECMWF and the Met Office 
for operational ocean assimilation.

ÅMost of the examples is for illustration only and not 

necessary the optimal way of assimilation.

üSingle observation experiments

Å It also happens to be the system I am working on. 
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A linearized balance operator for global ocean assimilation

Å Define the balance operator symbolically by the sequence of equations
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Treat as 

approximately 

mutually 

independent

Temperature

Salinity

SSH

u-velocity

v-velocity

Density

Pressure
(Weaver et al., 2005, QJRMS)
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Components of the balance operator
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Background errors for ocean assim .

Å Length scales for a typical climate model:

ü ~2 degree at mid latitudes

ü ~15-20 degrees along the eq. 

Å The background error correlation scales are  highly non isotropic to reflect the nature 

of equatorial waves- Equatorial Kelvin waves which travel rapidly along the equator 

~2m/s but have only a limited meridionalscale as they are trapped to the equator.

Å Complex structures an smaller length scales near coastlines are usually ignored.

Å Background errors are correlated between different variables (multivariate 

formulation.

üE.g. an temperature observation gives rise to an increment in salinity.

Å The background errors can be flow dependent.
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Horizontal correlation of T at 100m

ÅFrom single observation of temperature experiment.

ÅWide longitudinal length scales at equator.

Å At 50 N the coast line comes into play.


