Preface (Version 10: Draft July 13, 2006).  TD  

The science of oceanography has developed relatively recently as the term oceanography was apparently first applied in the 1880’s according to Rozwadowski (2001).  Oceanography has been traditionally partitioned for convenience into the following major subdisciplines: physical, chemical, biological, and geological.  However, there are no strict definitions of the various disciplines of oceanography, perhaps rightfully so as oceanography is a science that encompasses all scientific endeavors associated with the oceans.  Consequently, the disciplinary boundaries are often blurred and not to be taken too seriously as we move toward solutions of many exciting interdisciplinary problems.

In this book, we focus on the emerging tools of optics, which are being used to observe, study, understand, and model a plethora of oceanographic processes that fall into and cross the various oceanographic subdisciplines. Observations of fluid dynamical and thermodynamical variables on a broad range of time and space scales have led to many exciting discoveries and development of effective theories and models describing much of the physical variability of the ocean.  The advent of optical sensors has accelerated the measurement of light variables on similar time and space scales.  These optical sensors provide important information for a host of important oceanographic study areas.  These include ocean physics, phytoplankton, biogeochemistry, and sediments among many others.  Likewise, the increased understanding of light and its interaction with the ocean medium has led to advances in oceanographic theories, again spanning the subdisciplines.  Optical oceanography advances through the interplay of observations, theories, and models.  Some research is highly theoretical, based on first principles, while other research is highly empirical – both are important  and provide the foundation for the oceanographic applications of optics discussed in our book.

Our intent is to provide a starting point to students, researchers, technologists, technicians, and applied oceanographers, who would like to learn more about the optics of the ocean and how to apply and utilize optical methods and theories.  It is anticipated that the reader of Applications of Optics in Oceanography will be generally familiar with many of the fundamental concepts of physical, chemical, biological, and geological oceanography.  However, we realize that few can claim mastery of all of these subdisciplines. Thus, we provide some preparatory information and suggest basic introductory books and papers for support and further reading.  The book has been created to serve several audiences and has multiple purposes. For example, it is designed to be used as a textbook as part of advanced undergraduate and graduate university curricula.   It can be used for special topics classes or summer programs in areas such as bio-optical oceanography, harmful algal blooms, coastal pollution, ocean color remote sensing, radiative transfer in the ocean, primary productivity, ocean monitoring and observing systems, and ocean ecology and biogeochemistry.  The book is intended to be useful for specialists in ocean optics, who are interested in a wide variety of interdisciplinary applications.  It can be used by those who have little knowledge of optics, but wish to capitalize on the power of new optical methods and models.  Further, the book can be used as a vehicle for observationalists to learn about basic optical theory and modeling and for theorists and modelers to gain knowledge about contemporary observational methods, capabilities, and data sets.  It can also serve as a desktop resource or reference. 

To our knowledge, this is the first book to focus primarily upon the application of topic to oceanography.  In order to maintain the focus of the book, we have not included extensive detailed information that can be found in several excellent books, which serve to complement the material presented here.  For example, earlier related work devoted various aspects of optical oceanography include:  Jerlov (1976), Shifrin (1988), Dera (1992), Kirk (1994), Mobley (1994), Spinrad, Carder, and Perry (1994), Walker (1994), Bukata et al., (1995), Thomas and Stamnes (1999), Pozdnyakov and Grassl (2003), and Kokhanovsky (2003), Jonasz and Fournier (in press).  In addition, readers can benefit from books concerning physical optics by Kerker (1969), Fowler (1975), van de Hulst (1981), Bohren and Huffman (1983), Born and Wolf (2002), and Hecht (2002) and introductory physics (including electromagnetic radiation and optics) books (e.g., Halliday et al., 2001).  The level of mathematics (e.g., largely algebra, trigonometry, and differential and integral calculus) and physics used for the present book is roughly equivalent to that presented in Halliday et al. (2001), which could serve as a useful companion reference for some readers.  Books recommended for biological aspects include: Harris (1986), Mann and Lazier (1991), Lalli and Parsons (1997), Kirk (1994), Valiela (1995), and Falkowski and Raven (1997) COLLIN – CAN YOU ADD OTHERS HERE OR DELETE THOSE THAT DON’T FIT?.   Readers, with limited knowledge of biological oceanography are encouraged to obtain a new educational CD-ROM called Phytopia, which provides information about phytoplankton in an interactive mode along with excellent visuals COLLIN – COULD WE GET PERMISSION TO INCLUDE THIS CD WITH THE BOOK??.  Information needed to obtain this inexpensive, but extremely valuable, tool is given in the Bibliography.  Recent books on satellite oceanography by Martin (2004) and Robinson (2004) can serve as valuable supplements for our book as well.  Finally, the Encyclopedia of Ocean Sciences (Steele, Turekian, and Thorpe, 2001) provides concise introductions and reviews of nearly all aspects of oceanography; it can serve as a remarkably valuable resource for student and researcher alike.  

These rather diverse books and a large number of journal articles and reports are valuable assets that readers will find referenced here.   Interestingly, many of the books with relevance to bio-optical oceanography were published in 1994 or earlier.  Clearly, many new optical technologies and models have been developed since 1994 and the body of optical oceanographic literature is growing very rapidly.  The satellite-borne Coastal Zone Color Scanner (CZCS) provided ocean color data from 1978 to 1986.   However, not until 1996 and 1997 were ocean color data again available from the ocean color sensing satellite Ocean Color and Temperature Scanner (OCTS, Japan) and  Sea-viewing Wide Field-of-view Sensor (SeaWiFS, United States) systems, respectively.  Many in situ multi-spectral and specialized fluorometric instruments have been developed and new observing platforms have become available, all since the early 1990’s. Also, many new bio-optical and related interdisciplinary oceanographic experiments have been completed since 1994.  Biogeochemistry has recently become a major research area that complements and utilizes much of the research of optical and bio-optical oceanography.  Biogeochemistry is used in this book as one of the study areas; readers interested in a thorough development of recent advances in biogeochemistry are directed to books by the Open University Course Team (2005) and Sarmiento and Gruber (2006).   Another important application of ocean optics is for the study of harmful algal blooms and ecosystem dynamics.  A book devoted to this topic has recently been edited by Babin and Roesler (2006).  

Applications of Optics in Oceanography has two major parts.  The first set of  five chapters provides readers with the fundamental definitions and concepts of applied optical oceanography.  In these chapters, we first provide motivation for the topics of the book and outline approaches for best utilizing the content of the book (Chapter 1).  We  next introduce fundamental theories and measurement techniques, and inversion methods beginning with light and radiometric properties (Chapter 2) and moving on through the areas of inherent optical properties (Chapter 3) and apparent optical properties (Chapter 4).  Measurement platforms are reviewed in Chapter 5.  The following set of five chapters concern oceanographic applications using optical methods, theories and models. Chapter 6 focuses optical methods and theories used in the solution of problems in physical oceanography.  Analogously, Chapter 7 concerns the topic of phytoplankton and higher trophic level organisms, Chapter 8 global climate change, biogeochemistry and carbon dynamics, and Chapter 9 sediment dynamics.  In Chapter 10, we discuss several case studies where optics has been used for improving our understanding and models of highly interdisciplinary problems. Chapter 11 concludes the book with a brief retrospective and an exposition of challenges and opportunities for applying optics to oceanographic problems in the future. Appendices are provided to assist readers with definitions and notations as well as for defining terminology and acronyms.  Optical oceanography is a highly visual science and one that is full of aesthetically pleasing images; thus, interesting, informative illustrations including figures and pictures are central to the book’s exposition.  We have therefore included over 150?? illustrations, many of which are in color.   

The scope of our book has been necessarily limited in order to enable readers to use the book for practical purposes.  Although we have provided quite an extensive bibliography, it was impossible to include all pertinent and important references.  However, we have attempted to include key books and review papers as entry ports for readers who need more information.  We have included a list of websites that may be useful for readers.  Some of these will likely have long lifetimes, while others may not.  

We have attempted to present an objective depiction of what is presently known and unknown about the application of optics to oceanography.  Advantages and disadvantages of methodologies and models are described.  Active areas of recent and current research are highlighted in order to facilitate learning through examples.  An underlying theme of the book is that science is always evolving and that there are few “absolutes” and much remains to be learned.  We feel that the process of doing science is just as important as the present state of knowledge.  The field of optical oceanography is developing rapidly, so some material in the book will certainly require updating in future editions.  We welcome input from readers in the form of comments and corrections, as the book is designed to serve as a means for readers to learn as much as possible about our amazing oceans.  Our measure of success for the book will be its capacity to stimulate new ideas and research thrusts for those who wish to utilize optics for ocean applications.  

Finally, we hope that the book will be enjoyable for you to read and that your future studies of oceanography will be as rewarding for you as they have been for us!  
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