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Large-scale Atmosphere-ocean Dynamics: Analytical methods and numerical models

The complex flows in the atmosphere and oceans are believed to be accurately modelled by the 
Navier-Stokes equations of fluid mechanics together with classical thermodynamics. However, due to 
the enormous complexity of these equations, meteorologists and oceanographers have constructed 
approximate models of the dominant, large-scale flows that control the evolution of weather systems. 
The simplifications often result in models that are amenable to solution both analytically and numeri-
cally. This volume and its companion explain why such simplifications to Newton's second law produce 
accurate, useful models and, just as the meteorologist seeks patterns in the weather, mathematicians 
seek structure in the governing equations. They show how geometry and analysis facilitate solution 
strategies. -- Amazon.
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This book surveys recent developments in numerical techniques for global atmospheric models. It is 
based upon a collection of lectures prepared by leading experts in the field. The chapters reveal the 
multitude of steps that determine the global atmospheric model design. They encompass the choice 
of the equation set, computational grids on the sphere, horizontal and vertical discretizations, time 
integration methods, filtering and diffusion mechanisms, conservation properties, tracer transport, and 
considerations for designing models for massively parallel computers. A reader interested in applied 
numerical methods but also the many facets of atmospheric modeling should find this book of particular 
relevance.

Ocean Dynamics

Ocean Dynamics’ is a concise introduction to the fundamentals of fluid mechanics, non-equilibri-
um thermodynamics and the common approximations for geophysical fluid dynamics, presenting a 
comprehensive approach to large-scale ocean circulation theory. The book is written on the physical 
and mathematical level of graduate students in theoretical courses of physical oceanography, mete-
orology and environmental physics. An extensive bibliography and index, extensive side notes and 
recommendations for further reading, and a comparison with the specific atmospheric physics where 
applicable, makes this volume also a useful reading for researchers. Each of the four parts of the 
book – fundamental laws, common approximations, ocean waves, oceanic turbulence and eddies, and 
selected aspects of ocean dynamics – starts with elementary considerations, blending then classical 
topics with more advanced developments of fluid mechanics and theoretical oceanography. The last 
part covers the theory of the global wind-driven circulation in homogeneous and stratified regimes, 
the circulation and overturning in the Southern Ocean, and the global meridional overturning and 
thermohaline-driven circulation. Emphasis is placed on simple physical models rather than access to 
extensive numerical results, enabling students to understand and reproduce the complex theory mostly 
by analytical means. All equations and models are derived in detail and illustrated by numerous figures. 
The appendix provides short excursions into the mathematical background, such as vector analysis, 
statistics, and differential equations

A Mathematical Theory of Large-Scale Atmosphere/Ocean Flow

This book counteracts the current fashion for theories of “chaos” and unpredictability by describing 
a theory that underpins the surprising accuracy of current deterministic weather forecasts, and it 
suggests that further improvements are possible. The book does this by making a unique link between 
an exciting new branch of mathematics called “optimal transportation” and existing classical theories of 
the large-scale atmosphere and ocean circulation. It is then possible to solve a set of simple equations 
proposed many years ago by Hoskins which are asymptotically valid on large scales, and use them 
to derive quantitative predictions about many large-scale atmospheric and oceanic phenomena. A 
particular feature is that the simple equations used have highly predictable solutions, thus suggesting 
that the limits of deterministic predictability of the weather may not yet have been reached. It is also 
possible to make rigorous statements about the large-scale behaviour of the atmosphere and ocean 
by proving results using these simple equations and applying them to the real system allowing for the 
errors in the approximation. There are a number of other titles in this field, but they do not treat this 
large-scale regime. Contents:The Governing Equations and Asymptotic Approximations to ThemSolu-
tion of the Semi-Geostrophic Equations in Plane GeometrySolution of the Semi-Geostrophic Equations 
in More General CasesProperties of Semi-Geostrophic SolutionsApplication of Semi-Geostrophic 
Theory to the Predictability of atmospheric Flows Readership: Researchers and graduate students in 
atmosphere/ocean dynamics with some mathematical background. Keywords:Semi-Geostrophic;Opti-
mal Transportation;Convexity;Rearrangements;Potential Vorticity;Balance;PredictabilityReviews:“This 
book could appeal to applied mathematicians or very mathematically inclined A&O scientists interested 
in A&O predictability in general, as well as in certain of its aspects … Overall, the exposition is clear, 
careful, and thorough.”American Meteorological Society

Atmosphere-Ocean Dynamics

A systematic, unifying approach to the dynamics of the ocean and atmosphere is given in this book, 
with emphasis on the larger-scale motions (from a few kilometers to global scale). The foundations 
of the subject (the equations of state and dynamical equations) are covered in some detail, so that 
students with training in mathematics should find it a self-contained text. Knowledge of fluid mechanics 



is helpful but not essential. Simple mathematical models are used to demonstrate the fundamental 
dynamical principles with plentiful illustrations from field and laboratory.

Handbook of Geomathematics

During the last three decades geosciences and geo-engineering were influenced by two essential sce-
narios: First, the technological progress has changed completely the observational and measurement 
techniques. Modern high speed computers and satellite based techniques are entering more and more 
all geodisciplines. Second, there is a growing public concern about the future of our planet, its climate, 
its environment, and about an expected shortage of natural resources. Obviously, both aspects, viz. 
efficient strategies of protection against threats of a changing Earth and the exceptional situation of 
getting terrestrial, airborne as well as spaceborne data of better and better quality explain the strong 
need of new mathematical structures, tools, and methods. Mathematics concerned with geoscientific 
problems, i.e., Geomathematics, is becoming increasingly important. The ‘Handbook Geomathematics’ 
as a central reference work in this area comprises the following scientific fields: (I) observational and 
measurement key technologies (II) modelling of the system Earth (geosphere, cryosphere, hydros-
phere, atmosphere, biosphere) (III) analytic, algebraic, and operator-theoretic methods (IV) statistical 
and stochastic methods (V) computational and numerical analysis methods (VI) historical background 
and future perspectives.

Invisible in the Storm

They explore how weather forecasters today formulate their ideas through state-of-the-art mathematics, 
taking into account limitations to predictability.

A Mathematical Theory of Large-scale Atmosphere/ocean Flow

This book counteracts the current fashion for theories of OC chaosOCO and unpredictability by 
describing a theory that underpins the surprising accuracy of current deterministic weather forecasts, 
and it suggests that further improvements are possible. The book does this by making a unique link 
between an exciting new branch of mathematics called OC optimal transportationOCO and existing 
classical theories of the large-scale atmosphere and ocean circulation. It is then possible to solve 
a set of simple equations proposed many years ago by Hoskins which are asymptotically valid on 
large scales, and use them to derive quantitative predictions about many large-scale atmospheric and 
oceanic phenomena. A particular feature is that the simple equations used have highly predictable 
solutions, thus suggesting that the limits of deterministic predictability of the weather may not yet 
have been reached. It is also possible to make rigorous statements about the large-scale behaviour 
of the atmosphere and ocean by proving results using these simple equations and applying them 
to the real system allowing for the errors in the approximation. There are a number of other titles 
in this field, but they do not treat this large-scale regime. Contents: The Governing Equations and 
Asymptotic Approximations to Them; Solution of the Semi-Geostrophic Equations in Plane Geometry; 
Solution of the Semi-Geostrophic Equations in More General Cases; Properties of Semi-Geostrophic 
Solutions; Application of Semi-Geostrophic Theory to the Predictability of atmospheric Flows. Read-
ership: Researchers and graduate students in atmosphere/ocean dynamics with some mathematical 
background."

The Basis of Atmospheric Mesoscale Dynamics and a Dynamical Method of Predicting Rainstorms

This book serves to deepen the theoretical understanding of mesoscale dynamics and makes its 
basic concepts clear, reflecting new research results. It emphasizes important theories that have 
not been given enough attention in recent years, such as generalized potential temperature and the 
moist potential vorticity theory of non-uniform saturated moist atmospheres. By integrating theory with 
practice, the book also introduces the forecast method of rainstorms and other disastrous weathers 
using dynamic factors. This book can be used as a point of reference for operational forecasters, 
researchers and graduate and undergraduate students whose research interests are atmospheric 
sciences, and ocean and water sciences. It will also be of interest to scholars who study geological 
disasters, such as multiphase flow, mountains, debris flows and landslides, as well as geological 
seismologists.

Numerical Models of Oceans and Oceanic Processes



Oceans play a pivotal role in our weather and climate. Ocean-borne commerce is vital to our increasing-
ly close-knit global community. Yet we do not fully understand the intricate details of how they function, 
how they interact with the atmosphere, and what the limits are to their biological productivity and 
their tolerance to wastes. While satellites are helping us to fill in the gaps, numerical ocean models 
are playing an important role in increasing our ability to comprehend oceanic processes, monitor the 
current state of the oceans, and to a limited extent, even predict their future state.Numerical Models 
of Oceans and Oceanic Processes is a survey of the current state of knowledge in this field. It brings 
together a discussion of salient oceanic dynamics and processes, numerical solution methods, and 
ocean models to provide a comprehensive treatment of the topic. Starting with elementary concepts 
in ocean dynamics, it deals with equatorial, mid-latitude, high latitude, and coastal dynamics from the 
perspective of a modeler. A comprehensive and up-to-date chapter on tides is also included. This is 
followed by a discussion of different kinds of numerical ocean models and the pre- and post-processing 
requirements and techniques. Air-sea and ice-ocean coupled models are described, as well as data 
assimilation and nowcast/forecasts. Comprehensive appendices on wavelet transforms and empirical 
orthogonal functions are also included.This comprehensive and up-to-date survey of the field should be 
of interest to oceanographers, atmospheric scientists, and climatologists. While some prior knowledge 
of oceans and numerical modeling is helpful, the book includes an overview of enough elementary 
material so that along with its companion volume, Small Scale Processes in Geophysical Flows, it 
should be useful to both students new to the field and practicing professionals. * Comprehensive 
and up-to-date review* Useful for a two-semester (or one-semester on selected topics) graduate level 
course* Valuable reference on the topic* Essential for a better understanding of weather and climate

Geometric Mechanics and Symmetry

A graduate level text based partly on lectures in geometry, mechanics, and symmetry given at 
Imperial College London, this book links traditional classical mechanics texts and advanced modern 
mathematical treatments of the subject.

Data Assimilation for the Geosciences

Data Assimilation for the Geosciences: From Theory to Application, Second Edition brings together 
all of the mathematical and statistical background knowledge needed to formulate data assimilation 
systems into one place. It includes practical exercises enabling readers to apply theory in both a 
theoretical formulation as well as teach them how to code the theory with toy problems to verify 
their understanding. It also demonstrates how data assimilation systems are implemented in larger 
scale fluid dynamical problems related to land surface, the atmosphere, ocean and other geophysical 
situations. The second edition of Data Assimilation for the Geosciences has been revised with up to date 
research that is going on in data assimilation, as well as how to apply the techniques. The new edition 
features an introduction of how machine learning and artificial intelligence are interfacing and aiding 
data assimilation. In addition to appealing to students and researchers across the geosciences, this 
now also appeals to new students and scientists in the field of data assimilation as it will now have even 
more information on the techniques, research, and applications, consolidated into one source. Includes 
practical exercises and solutions enabling readers to apply theory in both a theoretical formulation as 
well as enabling them to code theory Provides the mathematical and statistical background knowledge 
needed to formulate data assimilation systems into one place New to this edition: covers new topics 
such as Observing System Experiments (OSE) and Observing System Simulation Experiments; and 
expanded approaches for machine learning and artificial intelligence

Geometric Mechanics: Dynamics and symmetry

Advanced undergraduate and graduate students in mathematics, physics and engineering.

Geometric Mechanics and Symmetry

The lectures in this 2005 book are intended to bring young researchers to the current frontier of 
knowledge in geometrical mechanics and dynamical systems.

Hydrological Systems Modeling - Volume II

Hydrological Systems Modeling is a component of Encyclopedia of Water Sciences, Engineering and 
Technology Resources in the global Encyclopedia of Life Support Systems (EOLSS), which is an 



integrated compendium of twenty one Encyclopedias. This 2-volume set contains several chapters, 
each of size 5000-30000 words, with perspectives, applications and extensive illustrations. It carries 
state-of-the-art knowledge in the fields of Hydrological Systems Modeling and is aimed, by virtue 
of the several applications, at the following five major target audiences: University and College 
Students, Educators, Professional Practitioners, Research Personnel and Policy Analysts, Managers, 
and Decision Makers and NGOs.

Computational Methods for the Atmosphere and the Oceans

This book provides a survey of the frontiers of research in the numerical modeling and mathematical 
analysis used in the study of the atmosphere and oceans. The details of the current practices in 
global atmospheric and ocean models, the assimilation of observational data into such models and 
the numerical techniques used in theoretical analysis of the atmosphere and ocean are among the 
topics covered. • Truly interdisciplinary: scientific interactions between specialties of atmospheric and 
ocean sciences and applied and computational mathematics • Uses the approach of computational 
mathematicians, applied and numerical analysts and the tools appropriate for unsolved problems in 
the atmospheric and oceanic sciences• Contributions uniquely address central problems and provide 
a survey of the frontier of research

Data Analysis Methods in Physical Oceanography

Data Analysis Methods in Physical Oceanography is a practical referenceguide to established and 
modern data analysis techniques in earth and oceansciences. This second and revised edition is even 
more comprehensive with numerous updates, and an additional appendix on 'Convolution and Fourier 
transforms'. Intended for both students and established scientists, the fivemajor chapters of the book 
cover data acquisition and recording, dataprocessing and presentation, statistical methods and error 
handling,analysis of spatial data fields, and time series analysis methods. Chapter 5on time series 
analysis is a book in itself, spanning a wide diversity oftopics from stochastic processes and stationarity, 
coherence functions,Fourier analysis, tidal harmonic analysis, spectral and cross-spectralanalysis, 
wavelet and other related methods for processing nonstationarydata series, digital filters, and fractals. 
The seven appendices includeunit conversions, approximation methods and nondimensional numbers 
used ingeophysical fluid dynamics, presentations on convolution, statisticalterminology, and distribution 
functions, and a number of importantstatistical tables. Twenty pages are devoted to references. Featur-
ing:. An in-depth presentation of modern techniques for the analysis of temporal and spatial data sets 
collected in oceanography, geophysics, and other disciplines in earth and ocean sciences.. A detailed 
overview of oceanographic instrumentation and sensors - old and new - used to collect oceanographic 
data.. 7 appendices especially applicable to earth and ocean sciences ranging from conversion of units, 
through statistical tables, to terminology and non-dimensional parameters. In praise of the first edition: 
"(...)This is a very practical guide to the various statistical analysis methods used for obtaining infor-
mation from geophysical data, with particular reference to oceanography(...)The book provides both a 
text for advanced students of the geophysical sciences and a useful reference volume for researchers." 
Aslib Book Guide Vol 63, No. 9, 1998 "(...)This is an excellent book that I recommend highly and will 
definitely use for my own research and teaching." EOS Transactions, D.A. Jay, 1999 "(...)In summary, 
this book is the most comprehensive and practical source of information on data analysis methods 
available to the physical oceanographer. The reader gets the benefit of extremely broad coverage and 
an excellent set of examples drawn from geographical observations." Oceanography, Vol. 12, No. 3, A. 
Plueddemann, 1999 "(...)Data Analysis Methods in Physical Oceanography is highly recommended for 
a wide range of readers, from the relative novice to the experienced researcher. It would be appropriate 
for academic and special libraries." E-Streams, Vol. 2, No. 8, P. Mofjelf, August 1999

Atmosphere-Ocean Dynamics

A systematic, unifying approach to the dynamics of the ocean and atmosphere is given in this book, 
with emphasis on the larger-scale motions (from a few kilometers to global scale). The foundations 
of the subject (the equations of state and dynamical equations) are covered in some detail, so that 
students with training in mathematics should find it a self-contained text. Knowledge of fluid mechanics 
is helpful but not essential. Simple mathematical models are used to demonstrate the fundamental 
dynamical principles with plentiful illustrations from field and laboratory.

World Weather Program



The high predictability of the atmosphere and ocean depends on the existence of a 'slow manifold', 
which contains the solutions of equations describing only large-scale motions. This unique compendium 
succinctly describes major recent advances in showing that these equations can be solved indepen-
dently.The book is a new edition of a similar book published 15 years ago. The explanation of the 
mathematical techniques has been expanded. Many new theoretical results are included. Illustrations 
derived from production atmosphere and ocean models are also incorporated to cover the full range 
between rigorous mathematics and state-of-the-art numerical modelling.The author is a dynamical 
meteorologist with long experience and international standing. The mathematical results in the book 
were proved by many of the world's leading analysts. The results come from the Met Office Unified 
Model, which is one of the world's leading weather and climate models.Related Link(s)

The Mathematics of Large-scale Atmosphere and Ocean

The modelling of ocean circulation is important not only for its own sake, but also in terms of the 
prediction of weather patterns and the effects of climate change. This 2007 book introduces the basic 
computational techniques necessary for all models of the ocean and atmosphere, and the conditions 
they must satisfy. It describes the workings of ocean models, the problems that must be solved in their 
construction, and how to evaluate computational results. Major emphasis is placed on examining ocean 
models critically, and determining what they do well and what they do poorly. Numerical analysis is 
introduced as needed, and exercises are included to illustrate major points. Developed from notes for a 
course taught in physical oceanography at the College of Oceanic and Atmospheric Sciences at Oregon 
State University, this book is ideal for graduate students of oceanography, geophysics, climatology and 
atmospheric science, and researchers in oceanography and atmospheric science.

Numerical Modeling of Ocean Circulation

Modeling Atmospheric and Oceanic Flows: Insights from Laboratory Experiments and Numerical 
Simulations provides a broad overview of recent progress in using laboratory experiments and nu-
merical simulations to model atmospheric and oceanic fluid motions. This volume not only surveys 
novel research topics in laboratory experimentation, but also highlights recent developments in the 
corresponding computational simulations. As computing power grows exponentially and better nu-
merical codes are developed, the interplay between numerical simulations and laboratory exper-
iments is gaining paramount importance within the scientific community. The lessons learnt from 
the laboratory–model comparisons in this volume will act as a source of inspiration for the next 
generation of experiments and simulations. Volume highlights include: Topics pertaining to atmospheric 
science, climate physics, physical oceanography, marine geology and geophysics Overview of the most 
advanced experimental and computational research in geophysics Recent developments in numerical 
simulations of atmospheric and oceanic fluid motion Unique comparative analysis of the experimental 
and numerical approaches to modeling fluid flow Modeling Atmospheric and Oceanic Flows will be a 
valuable resource for graduate students, researchers, and professionals in the fields of geophysics, 
atmospheric sciences, oceanography, climate science, hydrology, and experimental geosciences.

Mathematics Today

Taken from a review of the first edition in SIAM: "This text is different from most others in that it combines 
several different disciplines and draws on many scientific studies in order to deduce mechanisms of 
ocean circulation. (...) Therefore (it) cannot be substituted, and (...) it meets its unique goals with clarity 
and thoroughness".

Scientific and Technical Aerospace Reports

Encyclopedia of Atmospheric Sciences, Second Edition, Six Volume Set is an authoritative resource 
covering all aspects of atmospheric sciences, including both theory and applications. With more than 
320 articles and 1,600 figures and photographs, this revised version of the award-winning first edition 
offers comprehensive coverage of this important field. The six volumes in this set contain broad-ranging 
articles on topics such as atmospheric chemistry, biogeochemical cycles, boundary layers, clouds, 
general circulation, global change, mesoscale meteorology, ozone, radar, satellite remote sensing, and 
weather prediction. The Encyclopedia is an ideal resource for academia, government, and industry 
in the fields of atmospheric, ocean, and environmental sciences. It is written at a level that allows 
undergraduate students to understand the material, while providing active researchers with the latest 
information in the field. Covers all aspects of atmospheric sciences—including both theory and appli-



cations Presents more than 320 articles and more than 1,600 figures and photographs Broad-ranging 
articles include topics such as atmospheric chemistry, biogeochemical cycles, boundary layers, clouds, 
general circulation, global change, mesoscale meteorology, ozone, radar, satellite remote sensing, 
and weather prediction An ideal resource for academia, government, and industry in the fields of 
atmospheric, ocean, and environmental sciences

Modeling Atmospheric and Oceanic Flows

Fluid dynamics is fundamental to our understanding of the atmosphere and oceans. Although many 
of the same principles of fluid dynamics apply to both the atmosphere and oceans, textbooks tend 
to concentrate on the atmosphere, the ocean, or the theory of geophysical fluid dynamics (GFD). 
This textbook provides a comprehensive unified treatment of atmospheric and oceanic fluid dynamics. 
The book introduces the fundamentals of geophysical fluid dynamics, including rotation and strati-
fication, vorticity and potential vorticity, and scaling and approximations. It discusses baroclinic and 
barotropic instabilities, wave-mean flow interactions and turbulence, and the general circulation of the 
atmosphere and ocean. Student problems and exercises are included at the end of each chapter. 
Atmospheric and Oceanic Fluid Dynamics: Fundamentals and Large-Scale Circulation will be an 
invaluable graduate textbook on advanced courses in GFD, meteorology, atmospheric science and 
oceanography, and an excellent review volume for researchers. Additional resources are available at 
www.cambridge.org/9780521849692.

Nonlinear Physical Oceanography

This book presents a detailed study of the structure and variability of internal tides and their geographi-
cal distribution in the ocean. Based on experimental analysis of oceanic measurements combined with 
numerical modeling, it offers a comprehensive overview of the internal wave processes around the 
globe. In particular, it is based on moored buoys observations in many regions in all oceans (Atlantic, 
Pacific, Indian, Arctic, and Southern) that have been carried out by researchers from different countries 
for more than 40 years as part of various oceanographic programs, including WOCE and CLIVAR. 
However, a significant portion of the data was collected by the author, who is a field oceanographer. The 
data was processed and interpreted on the basis of the latest knowledge of internal wave motion. The 
properties of internal waves were analyzed in relation to the bottom topography and mean state of the 
ocean in specific regions. Internal waves play a major role in the formation of seawater stratification and 
are responsible for the main processes of ocean dynamics, such as energy transfer and mixing. One 
of the most significant ideas presented in this book is the generation of internal tides over submarine 
ridges. Energy fluxes from submarine ridges related to tidal internal waves greatly exceed the fluxes 
from continental slopes. Submarine ridges form an obstacle to the propagation of tidal currents, which 
can cause the creation of large amplitude internal tides. Energy fluxes from submarine ridges account 
for approximately one fourth of the total energy dissipation of the barotropic tides. Model simulations 
and moored measurements have been combined to generate a map of global distribution of internal tide 
amplitudes. This book is of interest to oceanographers, marine biologists, civil engineers, and scientists 
working in climate research, fluid mechanics, acoustics, and underwater navigation.

Summaries of Projects Completed in Fiscal Year ...

This book presents selected mathematical problems involving the dynamics of a two-dimensional 
viscous and ideal incompressible fluid on a rotating sphere. In this case, the fluid motion is completely 
governed by the barotropic vorticity equation (BVE), and the viscosity term in the vorticity equation 
is taken in its general form, which contains the derivative of real degree of the spherical Laplace 
operator. This work builds a bridge between basic concepts and concrete outcomes by pursuing a rich 
combination of theoretical, analytical and numerical approaches, and is recommended for specialists 
developing mathematical methods for application to problems in physics, hydrodynamics, meteorology 
and geophysics, as well for upper undergraduate or graduate students in the areas of dynamics of 
incompressible fluid on a rotating sphere, theory of functions on a sphere, and flow stability.

Summaries of Projects Completed

This book sets forth the physical, mathematical, and numerical foundations of computer models used 
to understand and predict the global ocean climate system. Aimed at students and researchers of 
ocean and climate science who seek to understand the physical content of ocean model equations 
and numerical methods for their solution, it is largely general in formulation and employs modern 



mathematical techniques. It also highlights certain areas of cutting-edge research. Stephen Griffies 
presents material that spans a broad spectrum of issues critical for modern ocean climate models. 
Topics are organized into parts consisting of related chapters, with each part largely self-contained. 
Early chapters focus on the basic equations arising from classical mechanics and thermodynamics 
used to rationalize ocean fluid dynamics. These equations are then cast into a form appropriate for 
numerical models of finite grid resolution. Basic discretization methods are described for commonly 
used classes of ocean climate models. The book proceeds to focus on the parameterization of 
phenomena occurring at scales unresolved by the ocean model, which represents a large part of 
modern oceanographic research. The final part provides a tutorial on the tensor methods that are used 
throughout the book, in a general and elegant fashion, to formulate the equations.

SIAM Journal on Scientific Computing

Encyclopedia of Atmospheric Sciences
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