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What is data assimilation”?

Combining Information

prior knowledge of the state of system £r
empirical or physical models (e.g. physical laws)

observations y
directly measured or retrieved quantities
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BayeS Theorem - Bayesian statistics provides a coherent

probabilistic framework for most of DA approaches [e.g., Lorenc, 1986]

prior p(x)

cbservation  p(y|)

probability distribution of y when x have a given value
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BayeS Theorem - Bayesian statistics provides a coherent

probabilistic framework for most of DA approaches [e.g., Lorenc, 1986]

prior p(il)) ~ N(wb, Pb) r = ITp + €p

observation p(y‘a}) ~ _/\/‘(I—Ig;7 R) y = Hx + €,

likelihood

probability distribution of y when x have a given value

posterior

p(zly) « p(ylz)p(z)

p(zl|y) ~ N(z,,P,) Where
x, = Xp + K(y — Hxp)

P,=(I-KH)P,
K=P,H' (HP,H' + R)!




Monday, June 27, 2011 CEDAR-GEM joint workshop: DA tutorial 5

What is covariance? - iwo variables case

Bayes theorem prior
p(z|y) < p(y|z)p(z) p(x) ~ N(zp, Pp)
Ly — (2.3 2.5)
b _( 0.225 0.05 j
=\ 005 0.15

observation-likelihood

p(y\w) ~ N(HCB,R)

H=(1 0)

x1 : observed

0 1 2 3 4 Ty : unobserved
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What is covariance? —in spatial sense

OTO Oi2 0T4 0.‘6 OTS 1?0 0.‘0 Oi2 0T4 OTG OT8 1T0
lag distance lag distance

P,(pu=0.5,v=0.05) Po(pp=1.5,7=0.1)
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What is covariance? -in spatial sense
X1 NN(O,Pl) X9 NN(O,PQ)
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What is covariance? -in spatial sense
X1 NN(O,Pl) X9 NN(O,PQ)
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Assimilative Mapping of lonospheric Electrodynamics
[Richmond and Kamide, 1988]

Inverse procedure to infer maps of

— — — —
E®]1, ,J, AB
1997 JAN 10 11:10+/-003 N 12 OBS MAGNETIC

From observations of ST VARIATIONS
{(ROTATED

—

E IS or HF radar, Satellites

I,

—

IS radar

J /|  Satellite or ground-based
. Mmagnetometers

AB

02/13/01
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Assimilative Mapping of lonospheric Electrodynamics
[Richmond and Kamide, 1988]
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AMIE - relationship among electromagnetic variables

Inverse procedure to infer maps of

—

E,®,1,,J, AB

From observations of

linear relationship (for a given g)

F(E)=®,1,,J,, AB

—_

[ 1S or HF radar, Satellites E - VP

—_ —

I IS radar 1L =£E

1

—_

J// Satellite or ground-based |
. Mmagnetometers

AB I,,J,<—>4B

Biot-Savart’s law
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AMIE — basis functions as forward operator

functional analysis
o=V x

\If * spherical harmonics

linear relationship (for a given g)

F(E)=®,1,,J,, AB

L . coefficients E VP
E — _v\Ij CU _>J_ — E'E
forward operator _)” = V * jJ_

— Hx = = =
Y ]J_ , J|| «— /R
— F (—V\Ij) L Biot-Savart’s law
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Ideas to improve AMIE: Adaptive covariance
x, = Xp + K(y — Hxyp)
K =P, (a)HT (HP,(o)HT + R)™!

Maximum likelihood Method [Dee 1995, Matsuo et al., 2005]
d =y — Hx,
d ~ N(0,S)
where S(a) =R+ HP,(a)H*

Find alpha that maximizes the following pdf

1
dla) =
. \/%j\/detS(oz)

dTS_Ql(cu)d]

exp |-
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Ideas to improve AMIE: Adaptive covariance
x, = Xp + K(y — Hxyp)
K =P, (a)HT (HP,(o)HT + R)™!

For given observations

1997 JAN 10 11:10+/-003 12 OBS MAGNETIC

/—fy’ VARIATIONS
< . (ROTATED
\ 90°)
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Ideas to improve AMIE: Multi-resolution basis functions

Spherical Harmonics

Y"(0,0) = N" P" (cosB) (cos(m¢) + isin(m¢))

. | 7 ; N A 4 A Jrg : 2
‘\ // \\ /" \ 1524 Vi (ea ¢)

sin(2¢) P}(cost) = Z(Tcos* 0 — 1)sin* 0

Wavelets

Father wavelet (scaling) functions Mother wavelet functions Mother wavelet functions Mother wavelet functions
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ldeas to improve AMIE: what to minimize AB or E
How to take advantage of new space-based observations?

Inverse procedure to infer maps of

-8y Magnetosphere and

— — — — "»6'7;" TR
E I J AB { \"} Planetary
( 1 ) a ly; Electrodynamics
’ YT Ly Y] R 5 Response

Experiment

From observations of

—

E IS or HF radar, Satellites

I,

—

|S radar

J /|  Satellite or ground-based
. Mmagnetometers

AB
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Summary

Bayesian statistics as an overarching framework for many
of DA methods

Assumptions: Gaussian distribution, Linear H...
Role of Covariance in spatial interpolation

Applications to high-latitude electrodynamics (AMIE)

Functional analysisof E, & . 1.J, AB
Kalman update of spherical hamonics coefficients

Current issues
Resolution: global function ->> compactly supported functions
New space-based magnetometer observations ->> J or AB
Improve conductance models
Adaptive Covariance



