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Dynamical System: Lorenz (1963)

z = oy — =)
¥y = pT — Yy — T2
2 = zy — B2

Chaotic for the following parameters:

o=10 p=28 =28/3

Unstable equilibrium points:
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Answer: Cause some (chaotic) trouble!



Answer: It causes a lot of trouble! The two runs started from initial
conditions differing by about one percent in magnitude. You can think
of the red line as being the true state evolution and the green line as
being the predicted state. In this case, the prediction becomes useless
very quickly. The solution to this problem is to assimilate observations.



Answer: It improves our ability to estimate the true state and make
relatively reasonable short- to medium-range predictions. However,
depending on the data assimilation scheme, the estimate may diverge
after a while. The red line represents the true state while the green line
represents the estimate (assimilation), the crosses are the observations;
the data assimilation scheme is the extended Kalman filter (EKF).
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Table 1: Parameters used to illustrate example of T estimation from irradiance
Parameters Values

True temperature of stone {Earth surface) 288 K

Mean prior known temperature 288 K + error
Stefan- Boltzmann constant 5.6693 < 107° Wm—2 K—*
Irradiance observation error 5% of true irradiance

MAP

Temperature vs # samples B ﬂ;p

———— Truth

I
" Lw " nAM Ihl W&,\NW\'M
U AoVt
EE.’J'; EID 1I:II] 150 B:IIEI E.'ISD
MAP is biased;
Somewhat Linearized MAP

Inaccurate 1s also biased, but
Prior to a lesser extent.
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Answer: It improves our ability to estimate the true state and make
relatively reasonable short- to medium-range predictions. However,
depending on the data assimilation scheme, the estimate may diverge
after a while. The red line represents the true state while the green line
represents the estimate (assimilation), the crosses are the observations;
the data assimilation scheme is the extended Kalman filter (EKF).
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Answer: We get great results! Here we estimate the error due to linearization
in the EKF via a Monte Carlo procedure proposed by Miller et al. (1994). We
calculate the model error covariance off-line and then add that to the on-line
EKF assimilation procedure. This is a rather good solution to prevent the EKF
divergence due to misrepresentation of nonlinearities. However, this is a bit
impractical for large data assimilation systems.



Adaptive Optimal Interpolation
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Answer: Quite well! The assimilation scheme here is an adaptive optimal interpolation.
In this case, the propagated error covariance (the costly part of the EKF) is replaced by
a constant forecast error covariance matrix scaled by a single parameter that gets to be
adaptively estimated on the basis of the observation-minus-forecast residuals (see Dee

1995). The time series of this estimated parameter is displayed in the lower panel above.
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