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Methodology The observation operator
In a variational framework, we wish to minimize a functiodhlwhich writes symboli- Since our knowledge dB, at the top of the core is limited to its large wavelengthsdiedpherical
cally harmonic degre&.), we follow e.g. (Backus et al., 1996, chap. 4) and introdarc@averaging kernel,
f i (B0
Abstract 1 01T n—1 ° T such that at a given locatiqi®®, ¢°)

Satellite data contribute to a better description of theisecvariation of the main geomagnetic field. In tha J= E [HX -y ] R [HX -y } +x Wx . T 21
respect, the upcoming SWARM mission will increase the lergthe continuous record which started in 199¢ . o Oy _ L+1 (1,0) R
while allowing for a better separation of intemal and extrsources. In order to make the bestuse of th t  Here, x is the state vector, whose components depend on the suttbetmiodel con- (HBr)(®", 07) = —— Br(8, 9)P_ " (cos o) sin 8dbde,
wealth of data, we consider the possibility to ressort tadasimilation, as now routinely used in the fields ¢ i i i i
meteorology and oceanography. Geomagnetic data assimikims at identifying the physics of the Earth’s sidered. The.cata|09 of obsgrvatlons I.S denoted Wﬁh and the Obser\{atlon.al errors 8=0 J =0
core responsible for the secular variation recorded byllsageand in long-lived, ground observatories. Dati are characterized by a covariance malix The second part of the functional is a norm in which cos o = sin 6 sin 6° cos(p — 0) 4+ cos 6 cos6° andP (1,0) is a Jacobi polynomial
assimilation should yield a more accurate forecast of thelaevariation, and enable the reanalysis of historic: | —which we may use in order to find solutions with a moderatellefcomplexity. We f orderL. ¢—e ! L poly
observations. The physics at the heart of our assimilatiberse is based on the assumption that the dynam :s : i ' H of oraerL.
responsible for the fast (i.e. interannual) variationshef tnain magnetic field is quasi-geostrophic. Here w : resort to t.he Vanab.le. storage quasi-Newton a|gOl’Ith]:l]_r‘!3_ (Gllbert.& LemarECha.l’
focus on various aspects of our assimilation scheme: thel znd non-zonal components of the model, th 1989) to find the minimum of) . We compute the sensitivity @ to its control vari-
observation operator, and show preliminary results catiogithe magnetic field inside the core. ables (in most instances the initial conditigp) using the adjoint model of the tangent

linear model associated with the forward model of interksthe case where the control
variable is the initial condition, one may show titc, J = ao, in whicha, is the

adjoint variable at discrete tin@obtained after integrating
ai—1 =M a; + H_ Ry (Hicixic1 —y5_ ) + Wxi—1,

starting froman4+1 = 0. M T s theadjointmodel (e.g. Fournier et al., 2007).

The physical model (Canet et al., 2009)

. . . . - . Left: The averaging kernel represented herelfor= 10. Middle: An example oBB - at the core-mantle boundary defined up to
TWI n eXpeI’I ments Wlth to rsio nal OSCI ”atlons spherical harmonic degre®5, computed using thBar ody _JA code (Aubert et al., 2008). Right: the result of applying kieenel to that
specificBy.

Forward integrationwg (s, t) black: true, blue: initial guess red: final result

wg(s, t=0) {Bg} |, Noisy observations The Magnetostrophic balance hypothesis
T = 0.50Ta In order to get a preliminary feeling for the structure of thagnetic flux function inside the core, we

/\ — : assume that a magnetostrophic balance is satisfied attalhtnsamely that

Bow 1 _6A6+6A6 2_ A
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T =0.32Ta With a given¥, we can try and solve the above non-linear problem, providedpecify boundary

conditions forA. In this study, we have assumed tat= 0 on the tangent cylinder, that the radial

/\ — T / derivative of the zonal component #fis zero at the CMB, and that the non-zonal componeof
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i (Canet et al., 2009) = ) P = . w0

Our physical model of the secular variation assumes a floariant along the direction of the rotatiol 04 05 06 07 08 00 10 LTINS 07 oa os 10 os 05 ds 07 os oo 1o
cylindrical radius

Leftmost column: propagation of the true torsional ostitha. 2nd from left: the retrieval of the initial condition
for the angular velocity for various widths of the assindatwindows, in the case of perfect synthetic observatidhsd
from left: the retrieval of thqu} profile. Rightmost column: in case of noisy observationsgf@eGaussian noise of
standard deviation 01 BFmS has been added to the synthetic database, produced usimgptixéect observation

of the earthQ. The columnar dynamics takes place in the equatorial pl&i connection with magnetic
observations is made by assuming that the mantle is anielddtrsulator.
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Connection with the observations at the core-mantle boundy (CMB):

aaBtr =— - (uBr) operator L = 15)), it is mandatory to add a smoothing term to the objectivefion. é?gé)fré’a@;gglﬁlghfés ° relative él‘OI’ZS %.

with _ FOI’ a firSt geophySical application Of thIS Component Of the Left: our ‘datum’ consists in the streamfunction computea kinematic Tramework by G?Ilet etal. (2‘009)‘ showvn henegfpoch

u=—ez X lP(S, (p) + U(p(S)e(p o m d | th ter b G” t et | | 2001.0 and based upon the xCHAOS model of Olsen & Mandea §2668m left to right, the magnetic flux function we obtaire ttecovered

The magnetic induction is described by the magnetic fluxtfonc odel: see e pOS € y flletetal.: streamfunction (the relative error &%), the non-zonal equatorial magnetic field, and the comegimg profile ofBs r.m.s. as a function

B =V xA(s,9)z of cylindrical radius.
Zonal component: Torsional oscillation . : : :
poneny fomonm oS Benefit from adding the temporal dimension
Orwg = (S h) Os (S h {BS } 63“’9) Still in the context of twin experiments, we wish to estiméte steady streamfunction responsible
Non-zonal component: Vorticity equation for a synthetic catalog of secular variation and quantify lienefit we get from having a series of Summary
d o, 2A"ow _ 2 By 0 2 1 5, 0A observations related to one another, as opposed to a siagsisot. & Adding the time dimension helps partially overcome protsatue to spatial sut

— g+ — =-J(A, A)+——( A)—— 2Bp— .

dt h? 9¢ s 0¢ s a0 » sampling.

with J the Jacobian: o f i f sl illati

. & We have validated the implementation of the adjoint torai@scillation model.
JW,A) = (V¥ < VA) - 2 R ~ P !

Induction: 5 % Inversion of the magnetic flux functioA using quasi-geostrophic core flow mo i-
0A _ —1 2 Bogt i els, under the magnetostrophic approximation, allows usetover more thar
a9t JW,.A)+S A ’ ) ; 90 % of the flow provided that the rms field is quite large {0 mT).

Non-dimensional numbers:A (Lehnert) and S (Lundquist) (Jault, 2008 ; g | | ; . ; Future work . . .

B ( ) ( “:_[,j ) ¢ ) * or e s e o8 & Implement the full dynamical model to constraint the evieluf the flow and the
)\| == 172, = B S| = — 1/ 103 Left: Maps in the equatorial plang of the steady streamfunctiol: a: true state, b: analyzed state with a single epoch inver- flux function between successive ePOChS-
Q (”p) ! (HP) Nm sion, c: analyzed state wiit = 0.57tgq,,. Contours are drawn each 0.05. Extrema &f@.33; 0.54 (a), —0.49; 0.54 (b), * Variational data assimilation algorithm: Simultaneougisions forA, W andB
—0.43; 0.56 (c). Right: Effect of the assimilation tim& on the analyzed state at a fixed observation frequerfjes= 100t;d1v. directly from magnetic observations during a significalmaiinterval.

measured with wit — w2 v 4 ot [51The result fofT = 0 corresponds to the single epoch inversion.
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