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This book is to a large extent the second edition of The Ocean Circulation Inverse Problem, 

but it di�ers from the  original  version in a number  of  ways.  In  teaching  the basic  material  

at MIT and elsewhere over the past 10 years, it became clear that it was of interest to many 

students outside of physical oceanography–the audience for whom the book had been written. 

The oceanographic material, instead of being a motivating factor, was in practice an obstacle to 

understanding for students with no oceanic background. In the revision therefore, I have tried 

to make the examples more generic and understandable, I hope, to anyone with a rudimentary 

experience with simple fluid flows. 

Also many of the oceanographic applications of the methods, which were still novel and con-

troversial at the time of writing, have become familiar and almost commonplace. The oceanogra-

phy, now confined to the two last Chapters, is thus focussed less on explaining why and how the 

calculations were done, and more on summarizing what has been accomplished. Furthermore, 

the time-dependent problem (here called “state estimation” to distinguish it from meteorological 

practice) has evolved rapidly in the oceanographic community from a hypothetical methodology 

to one that is clearly practical and in ever-growing use. 

The focus is, however, on the basic concepts and not on the practical numerical engineering 

required to use the ideas on the very large problems encountered with real fluids. Anyone 

attempting to model the global ocean or atmosphere or equivalent large scale system must 

confront issues of data storage, code parallelization, truncation errors, grid refinement, and the 

like. Almost none of these important problems are taken up here. Before constructive approaches 

to the practical problems can be found, one must understand the fundamental ideas. An analogy 

is the need to understand the implications of Maxwell’s equations for electromagnetic phenomena 

before one undertakes to build a high fidelity receiver. The e�ective engineering of an electronic 

instrument can only be helped by good understanding of how one works in principle, albeit the 

details of making one work in practice can be quite di�erent. 

A number of exercises, intended to clarify the basic ideas can be found at the end of the 

earlier Chapters. Perhaps they will be of some pedagogical service. In the interests of keeping 

the book as short as possible, I have however, omitted some of the more interesting theoretical 

material of the original version, but which readers can find in the wider literature on control 

theory. It is assumed that the reader has a familiarity at the introductory level with matrices 

and vectors, although everything is ultimately defined in Chapter 2. 

Finally, I have tried to correct the dismaying number of typographical and other errors in 

the previous book, but have surely introduced others. Reports of errors of any type will be 
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gratefully received. 

gratefully received. 




