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Assimilation of Lagrangian data in oceanography

Maélle Nodet
Universié de Grenoble, INRIA, France

Within the framework of Global Ocean Data Assimilation Experiment (GODAR increasing amount of data are available.
A crucial issue for oceanographers is to exploit at best these @ts®ry, in order to improve models, climatology, forecasts,
etc. Thanks to the international program Argo and to more localized iexpets, a new type of data is now available:
positions of floats drifting at depth in the ocean. Unlike other data, mainlyrianlghese ones are Lagrangian: the measuring
instrument move in the flow. | will briefly described methods about 4Dagsimilation of Lagrangian data in the OPAVAR
ocean model, and show some results assessing the complementarity vpénagme data.
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1 Presentation of the Method

1.1 Introduction to Data Assimilation for geophysical fluids

Geophysical fluids are chaotic, and consequently show taghisvity to initial conditions. In order to do accuratedoasts,

we need a very accurate estimate of the initial state of teesy. Data Assimilation (DA) covers all theoretical and reuvicel
mathematical methods which allow us to combine, as optinzaipossible, all sources of information (model equations a
observations) in order to produce a good initial state. &eist two main approaches to DA: sequential methods (Kalma
filtering) and variational methods (optimal control: 3D @-¥ar). Our work is based on the 4D-Var method [1].

In practical, variational assimilation aims to solve théd@ing inverse problem: compute the initial state of thedltrom

the observations and the model equations. In the followewien we will present the ocean model and the Lagrangian
observations. The details of the Lagrangian 4D-Var methmedlascribed in [3].

1.2 Model and data

We use the LODYC'OPAVAR 8.1 Primitive Equations ocean model (see [2] and [4]). Itdafgured in a rectangular, flat
bottomed, rigid-lid, mid-latitude beta-plane domain 0f86x 2800 km (20 km horizontal resolution). The ocean is 5 km
deep, it has 11 levels in the vertical, with level thicknesse@asing from 300 to 700 m. The wind forcing varies sinusibyd
with latitude and drives double-gyre circulation. The atftgcings are neglected.

Lagrangian data are the positions of drifting floats. Reifiidg floats provide very diversified datasets: the time phing
period of observations could be short (6 hours) (e.g. agofleats) or long (5-10 days) (e.g. Argo, Med-Argo floatskyth
have different numbers of floats and horizontal spacinggi#ffetent drift depth. So we do not use real but simulateétidg
floats, so that parameters (time sampling period, driftldepumber of floats) can be chosen. The simulated posigions=
(€1(t),£2(t)) of floats drifting at fixed depthy are solutions of the floats advection equat%n: U(t,&(t), 20), £(0) = &
with U the horizontal velocity.

2 Numerical Results

The framework of the experiments is the following. First vil@ase a given output of the model (calkede state) to simulate

two datasets: the first one is the positions every day of 1 @a@sfdrifting at 1 000 meters depth during ten days, the skcon
is the vertical temperature profiles of these same floatirgjdrom 2 000 meters deep up to the surface, and also sampled
once a day. Then we do four different experiments: no Datémiksion (called the background state, which is our contro
run), assimilation of the positions only, assimilation e profiles only, and assimilation of both profiles and pos&i

Figure 1 shows horizontal outputs (just below the surfad8,r@eters deep) for temperature and horizontal velocitieghie

true state, the background state (no assimilation) andrialyzed state (obtained after DA of vertical temperatuddiles and
Lagrangian positions). We can see that the DA is able to sgoact correctly the main patterns of the flow.

Figure 2 shows relative errors (compared to the true stdt&)eofour experiments described before. On the first line we
compute the total relative error (i.e. the error on the wididegrid) as a function of time, and on the second line we comput
the relative error as a function of the vertical level at fitiale (i.e. the error is computed at level 1 on the horizonfal 2
grid, then at level 2, and so on), where level 1 is the surfacel® the bottom. The blue curve is the background experiment
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(no assimilation) , the light blue curve represents the tgaositions-only” experiment, the red curve is the "pexfibnly”
experiment and the green curve is the "floats-positions-plofiles” experiment. What we can see from the first line & th
it is necessary to have temperature data in order to recmistven the velocities, and that it is better (in order totbet
velocities right) to get both temperature and positions.date second line confirms this, showing a clear complemgnta
between temperature data (improving upper levels) andsfloagitions (improving lower levels).
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Fig. 1 Horizontal outputs of velocities and temperature
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Fig. 2 Relative errors for velocities and temperature

References

[1] F.-X. Le Dimet and O. Talagrand. Variational algorithms for analymd assimilation of meteorological observations: theoretical

aspectsTellus Series A, 38:97—+, 1986.
[2] G. Madec, P. Delecluse, M. Imbard, and GaMy. OPA 8.1 Ocean General Circulation Model reference manual. France, 1999. Note

du Fole de Moetlisation, Institut Pierre Simon Laplace, France.
[3] M. Nodet. Variational assimilation of lagrangian data in oceanograjsiverse Problems, 22:245-263, 2006.
[4] A. Weaver, J. Vialard, D. Anderson, and P. Delecluse. Thrad-faur-dimensional variational assimilation with a general circulation

model of the tropical Pacific Ocean. Part |: formulation, internal distjos and consistency check&4onthly Weather Review,
131:1360-1378, 2003.

Copyright line will be provided by the publisher



