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Operational forecasting systems, as being widely used in meteorology and oceanog-
raphy, rely on high-resolution dynamical models coupled with very large data sets of
observations. The methodology used to merge the numerical model with these obser-
vations has been termed “data assimilation.” A fair amount of research is currently
being devoted to adapting data assimilation methods to the history-matching problem
in petroleum reservoir engineering.

Data assimilation, as defined by Geir Evensen, refers to the computation of the
conditional probability distribution function of the output of a numerical model de-
scribing a dynamical process, conditioned by observations. The probabilistic ap-
proach is justified by the various sources of uncertainty about the initial and the
boundary conditions, by the fact that the mathematical model does not integrate all
aspects of the physical process, and, last but not least, by the observational errors
occurring in the process. The Ensemble Kalman filter (EnKF), an algorithm that has
proven to be very successful in many applications since it was proposed by Geir
Evensen in 1994, provides a solution to the data assimilation problem. It is, more-
over, fairly simple to implement.

The present second edition of the book is subdivided into seventeen chapters,
which progressively introduce different aspects of data assimilation with Kalman
filters. As a rule, they contain applications to numerical data as well as careful dis-
cussions of the results. The book follows a three-part structure. The first part is a
basic introduction (Chapters 1 to 6) which acquaints the reader with basic statistical
concepts, linear and nonlinear Kalman filters, and variational methods. The second
part (Chapters 7 to 15) addresses more advanced material, offering an exposition of
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contemporary research topics around ensemble Kalman methods, such as sampling
strategies for the EnKF, how to deal with model errors, square root analysis schemes,
rank issues, spurious correlations, localization and inflation. In the second edition, the
first part has remained unchanged, while the second part has been thoroughly updated
due to the intense recent research activity around ensemble Kalman methods. The
third part of the book (Chapters 16 and 17) provides two detailed case studies: firstly,
of an ocean prediction system, and secondly, of the petroleum history-matching prob-
lem.

Furthermore, the Appendix section contains a comprehensive discussion of the
literature on the ensemble Kalman methods in geoscience applications up to the pub-
lication date of this second edition, together with an extensive reference list.

The book primarily addresses researchers in the field of data assimilation, for
whom it represents a basic reference text. The text is very carefully written and is
intended to be self-contained. In my opinion, this book is not immediately accessible
to newcomers in the field, who will prefer to start with shorter review papers on data
assimilation and Kalman filtering, which are widely available in different application
journals.
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