PREFACE

Turbulent gas transfer across air-water interfaces usually occurs in geophysical
flows such as oceans, lakes, rivers, and estuaries. An accurate estimation of the gas
transfer rate has long attracted special interest due to it’s usefulness in
quantifying/better understanding environmental problems (e.g., global climate
change) related to the exchange gases, especially carbon dioxide (CO.), between
the atmosphere and ocean. Gas (scalar or mass) transfer is also used as a separation
technology in many industrial processes, including gas absorption, evaporation
and condensation. The transfer mechanism is affected not only by interfacial
turbulence above and below the surface but also by bubbles due to breaking
waves, surfactants, rainfall and other surface processes. Therefore, it is of great
interest to investigate gas transfer mechanisms across air-water interfaces for
innovations, advancements, and improved understanding of geophysical and
environmental problems. An understanding of air-water gas exchange is also
necessary for studying eutrophication of lakes, rivers, and coastal waters and for
designing and controlling industrial gas-liquid contact type equipment.

The International Symposium on Gas Transfer at Water Surfaces (GTWS), which
was first held in 1983 and has met approximately every five years thereafter, has
provided scientists and engineers with an opportunity to present recent advances,
discuss current problems, and explore future prospects in research and technology
in the area of gas transfer across air-water interfaces and interfacial turbulence.
This symposium is held in high regard because it is the traditional forum for
scientist all over the world to share their expertise on the subject of gas transfer
including heat transfer and fluid mechanics at air-water interfaces.

In 1983, the first symposium (GTWS-1) was held at Cornell University in Ithaca,
New York, USA and numerous papers dealing with the fundamental mechanisms
of interfacial gas transfer were presented there. GTWS-1 attracted a wide range of
researchers devoted to the study of the natural environment as well as engineers
concerned mainly with the industrial problem of mass transfer between liquids and
gases.

In 1990, GTWS-2 was held at the University of Minnesota in Minneapolis,
Minnesota, USA. At the second symposium, fundamental mechanisms in liquid-
gas exchange processes were highlighted. Various applications of gas transfer to



streams and rivers, lakes and reservoirs, hydraulic structures, water and
wastewater treatment, seas and oceans, and artificial aeration were discussed.

In 1995, GTWS-3 was held at the University of Heidelberg in Heidelberg,
Germany. At the third symposium, numerous papers on the traditional physical
and chemical mechanisms on gas transfer were presented with an emphasis on the
effects of bubbles and breaking waves on gas transfer. In addition, new field
studies and technological innovations were introduced such as non-invasive
measuring techniques suited to remote sensing applications.

In 2000, GTWS-4 was held at the University of Miami in Miami, Florida USA. At
this symposium, contributions to field observations and estimations of global air-
sea gas transfer, including chemical and biological processes, were gaining
increased attention.

In 2005, GTWS-5 was held at the University of Li¢ge in Liége, Belgium. At this
symposium, the focus shifted to natural carbon dioxide studies, coastal oceans, and
gas transfer under special conditions such as high winds. In addition, the growing
research field of climatically active gases in coastal and high latitude environments
was emphasized.

In 2010, the 6th International Symposium on Gas Transfer at Water Surfaces
(GTWS-6) was held at Kyoto University in Kyoto, Japan. The GTWS-6 included 3
invited plenary lectures, 8 keynote lectures, 69 oral and 25 poster presentations
from more than 15 countries. Furthermore, we set up a special session supported
by the Core Research for Evolutional Science and Technology (CREST). From
these presentations, we selected 49 papers for this volume.

This volume presents the most current, state-of-the-art research on gas transfer at
water surfaces. The papers are arranged in eight sections representing the
fundamental processes underlying the flux of scalar across the air—water interface
or the methodology involved in estimating that flux:

Section 1 Interfacial Turbulence and Air-Water Scalar Transfer

Section 2 Numerical Studies on Interfacial Turbulence and Scalar Transfer
Section 3 Bubble-Mediated Scalar Transfer

Section 4 Effects of Surfactants and Molecular Diffusivity on Turbulence

and Scalar Transfer
Section 5 Field Measurements
Section 6 Global Air-Sea CO- Fluxes
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Section 7 Advanced Measuring Techniques
Section 8 Environmental Problems Related to Air—-Water Scalar Transfer

A year after this volume’s publication, the papers in this volume will be archived
in the Kyoto University Research Information Repository: http://repository.kulib.
kyoto-u.ac.jp/dspace/?locale=en.

We wish to acknowledge the considerable efforts of the Organizing, Executive and
Scientific Advisory Committee members in coordinating the meeting and making
the 6th International Symposium on Gas Transfer at Water Surfaces interesting,
informative, and memorable. The Organizing Committee includes: S. Komori,
Kyoto University, Japan (Chair); W. R. McGillis, University Columbia, USA (Co-
Chair); T. Kunugi, Kyoto University, Japan (Local Co-Chair); W. E. Asher,
University of Washington, USA; S. Banerjee, City College of New York, USA; J.
S. Gulliver, University of Minnesota, USA; B. Jahne, University of Heidelberg,
Germany; P. S. Liss, University of East Anglia, UK; and R. Wanninkhof,
AOML/NOAA, USA.

The Executive Committee includes: S. Komori, Kyoto University, Japan (Chair);
T. Kunugi, Kyoto University, Japan (Co-Chair); R. Kurose, Kyoto University,
Japan (Secretary); Y. Ito, City College of New York, USA; N. Mori, Kyoto
University, Japan; R. Onisi, JAMSTEC, Japan; N. Suzuki, Kinki University,
Japan; K. Takahashi, JAMSTEC, Japan; and K. Takehara, Kinki University,
Japan.

The Scientific Advisory Committee includes: L. G. Anderson (Sweden); M.L.
Banner (Australia); A. V. Borges (Belgium); R. Brown (Australia); S. Chen
(USA); M. Dai (China); K. Denman (Canada); M. A. Donelan (USA); S. K. Gulev
(Russia); T. Hanratty (USA); T. Hara (USA); H. Herlina (Germany); K.
Hornbuckle (USA); J. C. R. Hunt (UK); A. Jessup (USA); M. Kawaji (USA); H.
Kawamura (Japan); B. C. Khoo (Singapore); C. Law (New Zealand); J.
Magnaudet (France); M. J. McCready (USA); K. Melville (USA); I. Nezu (Japan);
M-J. Ni (China); P. Nightingale (UK); W. Perrie (Canada); H. E. Schulz (Brazil);
K. Takahashi (Japan); Y. Toba (Japan); G. Tryggvason (USA); O. Tsukamoto
(Japan); M. Uematsu (Japan); R. C. Upstill-Goddard ( UK); S. C. Wilhelms
(USA); W-T. Tsai (Taiwan); A. J. Wiiest (Switzerland); F. Xiao (China); D. Zhao
(China).

The success of the GTWS-6 strongly depended on generous financial support from
the Japan Society for the Promotion of Science, the Kyoto University Foundation,
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and the Commemorative Organization for the Japan World Exposition *70. We are
also grateful for support from the Earth Simulation Center and contributions from
industry including Kaneka, Shoei Chemical, Dantec Dynamics, Seika Corporation,
Shimazu, Sumitomo Chemical, Numerical Flow Designing, and Kanomax.

We would like to thank Dr. N. Takagaki, Mr. K. Matsuda and Ms. M. Saito for
their help on the professional preparation and creation of the GTWS-6 homepage.
Lastly, we are very indebted to Dr. Y. Ito for his careful preparations, which were
integral to making GTWS-6 in Kyoto, Japan a smooth running, entertaining, and
stimulating meeting.

We are enthusiastic about the 7th International Symposium on Gas Transfer at
Water Surfaces (GTWS-7) planned to be held in Seattle, Washington USA in
2015. GTWS-7 will be chaired by Dr. Andrew Jessup from the Applied Physics
Laboratory (APL) at the University of Washington. We look forward to the
progress that will be made and the innovations and results that will be presented
there.

See you in Seattle in 2015.

March 2011, Satoru Komori
Wade McGillis
Ryoichi Kurose



