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Preface 
 

The purpose of this second volume on atmosphere–ocean interactions is to present 
several of the key mechanisms that are important for the development of marine 
storms. Understanding atmosphere–ocean interactions has taken on increased 
importance in recent years, as increased levels of population and human development 
are reached in coastal areas. Human activities that depend on the oceans, for a variety 
of interests, require improvements in operational forecasts for marine weather and 
ocean conditions, and associated marine climate. Factors influencing storm intensity 
and development are related to small-scale atmosphere–oceanic features. Large-scale 
climate change may affect environmental factors related to storm climatologies. These 
topics are presented as separate chapters that are self-contained, to a large extent. 

The book consists of eight chapters. Chapters 1–5 are concerned with marine 
observations and understanding their parameterizations as they relate to 
atmosphere–ocean systems. Chapters 6–8 consider some of the implications of these 
parameterizations, as related to applications in coupled atmosphere, ocean, and 
wave model systems.  

Chapter 1 presents a review of the state of the art of parameterizations for air–sea 
turbulent fluxes. A data set of eddy-correlation fluxes compiled during eight field 
experiments, and representing a wide range of conditions, is used to investigate 
traditional bulk flux parameterizations (i.e., wind-speed dependent momentum 
coefficient, constant sensible and latent heat coefficients), including the effects of sea 
state. Chapter 2 examines the influence of waves on surface stress and related 
parameterizations of momentum roughness length. Wave-related impacts on the near 
surface atmospheric boundary conditions are also considered. In light of laminar–
turbulent regimes at the air–sea interface related to local wind and wind waves, 
Chapter 3 considers the challenge of deriving a better parameterization for the CO2 
transfer between the atmosphere and the oceans. Consideration is given to nonlinear 
coupling of waves with local wind drift and turbulence, caused by the wind and wind-
wave breaking at the air–sea interface. Chapter 4 reviews the marine meteorological 
capacities of synthetic aperture radar (SAR), particularly the attributes of its potential 
in the study of air–sea interaction. Examples include marine meteorological 
phenomena routinely imaged by SAR such as microscale cellular convection, 
microscale roll vortices, microscale gravity waves, mesoscale gravity waves, 
mesoscale convection, polar mesoscale cyclones, tropical cyclones, macroscale fronts, 



and extratropical cyclones.  Chapter 5 reviews the three-dimensional current and 
temperature structures excited by the passage of tropical cyclones, over the scales of 
the atmospheric forcing. Relations between the internal wave fluxes and atmospheric 
winds are shown to be consistent with established observations and parameterizations 
of the air–sea momentum flux. Chapter 6 applies established parameterizations for 
air–sea fluxes of heat and momentum to coupled ocean–atmosphere wave simulations 
for hurricanes and investigates the sensitivity of estimates of air–sea CO2 exchange 
rates as influenced by storm-related processes. Chapter 7 considers extratropically 
transitioning tropical cyclones beginning from their tropical formation, the conditions 
under which they evolve, and their spatial and temporal distributions. The discussion 
includes the need for synoptic support for the initial intensification of tropical 
cyclones, followed by a strong energy source as transition occurs. Chapter 8 estimates 
changes of wave heights, based on observed and possible future changes in the North 
Atlantic and in the North Pacific. Both oceans had significant changes in both winter 
and fall seasonal means and extremes of significant wave heights during 1958–1997; 
they are also projected to have significant changes in the 21st century. The rate and 
sign of the projected future changes appear to be quite dependent on the forcing 
conditions, and the rate of increase in the greenhouse gases forcing. 

I am very thankful to my colleagues for their invaluable contributed chapters, 
without which this book would not be possible, to Drs. Peter Smith and John Loder at 
BIO for encouraging me to bring together this volume, to Prof. Matiur Rahman at 
Dalhousie University for supporting me in the preparation of this volume, and to the 
Panel on Energy Research and Development of Canada for providing funding support 
for this project. I would like to dedicate the volume to my wife Chi and family for 
their continuing patience, and to the memory of my parents, John and Clara Perrie. 
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2006 
 


