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Choose a first guess for the control vector Z = (u,,,
v,, w,, F_, Lk, and k,) and integrate the advection
equation (3a) with (3b) forward in time from ¢ = ()
to 7. Store the computed field.

Calculate the cost function using Egs. (1), (2), (4).
(6), (7), and (8) and the fields obtained from step 1.
Integrate the adjoint equation (16a) backward with
(16b) 1n time from 7 = T to 0, and calculate the
gradients (aJ/ou,,, oJlov,, dJlow,, oJ/oF, dJldk,,
and dJ/dk,) according to Eqgs. (10)—(15).

Use a conjugate gradient or quasi-Newton minimi-
zation algorithm (Navon and Legler 1987) to obtain

updated values of the control variables,

oJ
Zm = Zo-v + afl—] , 18
. " f (E)Z) LS ( }
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Wl"_lE:lE.‘ n is the numbm of 1terations, « 1s the Dptlmdl
step size obtained by the “‘line-search’ process in
optimal control theory (Gill et al. 1981), and
f(oJlaz),, is the optimal descent direction obtained
by combining the gradients from several former it-
erations.

Check whether the optimal solution has been found
by computing the norm of the gradients or the value
of JJ to see 1f they are less than a prescribed tolerance.
IT the criteria are satisfied, stop iterating and output
the optimal control vector (u w,, I, k,, and
k).

If the convergence criterion 1s not satisfied, steps 2
through 5 are repeated using updated values of (u,,,
F . k,,and k) as the new guess. The iteration
].’)1{}061’5&:- 1s continued until a suitable converged so-
lution 1s found.
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Fig 12 Effect of 2.5 m/s Vr noise on W-component




Sl dial noise on wind W-component
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