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ABSTRACT

The purpose of this study is the implementation of the 4D-Var processes without adding true
observation data. We use one initial condition integrated by numerical model to produce one forecast track
to be hypothetical observation track, and use another initial condition within 12~24 h in comparison with
previous initial field to produce other forecast track, so obviously the difference between these two forecast
tracks can be defined as a cost function. The minimum of this cost function can be solved by the 4D-Var
processes; i.e. we can get one optimal initial condition and its forecast will be close to the hypothetical
observation track. We use the adjoint model to get the gradient of cost function and use minimization
procedure, L-BFGS method, to get the minimum value of the cost function. In this study, we also try to
simulate the irregular distributed observational data and somewhere like in Taiwan East Asia having
intensive observation data for testing 4D-Var processes. The whole processes mainly follow the current
Meteorological operation centers or foreign research units procedures, and they can be the foundation of the
future 4D-Var operation at Central Weather Bureau.

From the 3 cases and 3 twin experiments, the optimal initial fields tend toward the hypothetical initial
fields. More specifically, the differences between the optimal initial fields and the hypothetical initial fields
are far less than the differences between the original initial fields and the hypothetical initial fields. The
ideal twin experiment on entire analytical grids can get the smallest differences between optimal initial
fields and the hypothetical initial fields, and this best results could be a reference theoretical value.
Comparing global model forecasts, the results of twin experiment on global irregular observation data are
better than the results using Taiwan East Asia intensive observation data. The 120 h forecast mean errors of
the new initial fields by using global irregular observation data are smaller 12%~29% than the 120 h
forecast mean errors of the initial fields which were not accommodated by 4D-Var processes. For the
efficiency, the 30 iterations in minimization procedure can reduce the cost function about one order.
Furthermore, if we check the 8 days forecasts, the 30 iterations results are similar to 100 iterations results.
So, the 30 iterations can be the reference value for future Central Weather Bureau 4D-Var operation.

Key words: Adjoint model, Minimization, L-BFGS
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