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Motivation
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Common goal for data assimilation: obtain optimal estimate of natural
phenomena by combining model and observations with uncertainties.

Question: Is 1t possible to use data assimilation to identify and correct
model errors?

Approach: use Kalman Filter to estimate sequentially uncertain parameters

Necessary ingredients:
good but non-perfect model and the brave modelers who admit it!



Sequential Parameter Estimation

TR At et g SN - i TP e PP S ORE-G Lt g

¥ “State augmentation” method; uncertain parameters are treated as
additional state variables: small cost to overall computations!

¥ Example: one unknown parameter !
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¥Parameters are non-observable, BUT the cross-covariances drive
parameter changes from innovations of the state:
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¥ Parameter estimation is always a nonlinear problem even if the model is
linear in terms of the model state: use Extended Kalman Filter (EKF).
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Earth’s Outer Radiation Belt

CRRES Observations
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o Daily fluxes of IMeV relativistic
electrons (CRRES, starting 28
August 1990)

o HEERB-1D (Y. Shprits,

UCLA) :
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o Different lifetimes are used
outside/inside plasmasphere:
TLo =C/Kp(t) and Toi.

o Plasmasphere boundary:
Lpp(t)=5.6-0.46*Kp(t)
(Carpenter and Anderson)



What are the ‘optimal” electron lifetimes?
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spatial position may be with {=3?

;: lltf' 'H'l R m| o We will use EKF to estimate two model

w0 parameters: C and Tor.

o Various features are best captured with
different parameters:

temporal persistence may be with ¢=10?
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EKF Pammeter Estimation with Synthetlc Data
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o Daily observations from the “truth”: 18 | | |
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o Correct model with “wrong” parameters: .

C= 10 and tL1=10. 3‘?10*

o estimated error [tr(PY)] = actual

o When parameter uncertainty 1s large ) ‘ ‘ B
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EKF Parameter Estimation with CRRES Data
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o daily observations from CRRES. | —
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o In general TL1 > TLO; TLIR6-10 days;
TL0=2-5 days. 70|
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o for strong storms C=5; for moderate C=7.
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o Strong positive spikes in { may indicate :
missing SOUrces. % 20 40 60 80 100
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Conclusions
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o Experiments with synthetic data show that EKF can be a useful tool for
identifying non-well known model parameters.

o Confirms range of lifetimes for electrons in radiation belts suggested
theoretically.

o Temporal evolution of parameters suggests model improvement (possibly
missing sources?)

o Future work: multiple parameter estimation with L-dependent Troand Tw;;
Kalman smoother



