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Introduction 

We have have been working in the framework of" direct" variational methods for analysis of meteorological data, 
as advocated by Wahba(1982, 1985), Lorenc(1986,1988,1989), Eyre(1989), and others. In t his approach, it is 
recognized that if all the data are observations on linear functionals of the meteorological parameters one wishes to 

. estimate, then 01 and variation;M objective analysis can be shown to be equivalent if certain penalty functionals and 
covariance matrices are matched up. See, for example, Kimeldorf andWahba(1971), Wahba(1982), Lorenc(1986). 
Lorenc(1989) and others note that in this case one may carry out conventional 01 sequentially, by starting with, 
say, the forecast, updating it by one set of data, modifying the result by an additional set of data, etc.; and if 
the weights are correct, the end result is equivalent to a variational estimate with appropriately chosen weights 
and penalties. However, Lorenc(1989, p.96), noes that "the indirect effects are intrinsically nonlinear, and so 
in principle all data must be processed simultaneously for the optimal result." We recognize that feasible global 
NWP models cannot now process all concurrent data simultaneously, furthermore, some present day methods 
have developed historically from methods that were subject to severe computer timitations. Nevertheless, we are, 
with the future in mind, looking at some of the problems involved in obtaining an analysis which simultaneously 
combines forecast, direct data, indirect data (such as satellite radiances), and prior meteorological information of 
various sorts, e. g. the frequency spectrum of a parameter decays at a certain rate, total energy in gravity waves is 
small, approximate geostrophy in mid-latitudes, etc. Even though simultaneous analysis is not necessarily feasible 
at the present time, we hope that some of the ideas that we will put forth here will have use in present systems 
that process simultaneous data in steps. 

Here, we l~t f stand for the true, unknown state that we are trying to estimate. For example, components 
f "" a = 1, 2 ... ,p may represent a global height field, horizontal wind field, temperature field or humidity field. 
The world is essentially continuous, but in the computer we will be representing the sum total of these fields as 
a finite set of numbers , which are the state variables of a forecast model: for example, coefficients in spherical 
harmonic expansions in the horizontal and, for arguments sake, B-splines in the vertical. Thus, the state variables 
define the meteorological variables" everywhere" although it takes only a finite set of numbers to do this. In this 
paper we will ignore the. difference between the real world and a very large, but finite computer representation of 
it to focus on certain main ideas. In fact, we must also worry about the difference between the real world and the 
"closest" representation of it possible in our model, but we are going to ignore this complication. Here we will 
pretend that the world "lives" on our basis functions, and (possibly carelessly) lump this discrepancy in with all 
the other errors. 

Indexing observational systems by k, we have data sets 
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