
141

Australian Meteorological and Oceanographic Journal 61 (2011) 141

Book review
Turbulence in the Atmosphere

by John C. Wyngaard, Cambridge University Press, 2010, 
393 pp., ISBN 978-0-521-88769-4, $160.00 Australian R.R.P.

The nonlinearity of the Navier-Stokes equations makes the 
prediction of turbulent flow intractable. There are legend-
ary quotations variously attributed to Horace Lamb, Arnold 
Sommerfeld, Werner Heisenberg, Albert Einstein, Theodore 
von Karman or Ludwig Prandtl stating there are two great 
unsolved problems in physics, quantum electrodynamics 
and turbulence, and upon arriving in heaven the speaker is 
optimistic about receiving enlightenment on the first. This 
sentiment is echoed by Richard Feynman, ‘turbulence is the 
last great unsolved problem of classical physics.’
 In Turbulence in the Atmosphere John Wyngaard 
provides an introduction to the study of turbulence, drawing 
on more than 40 years of experience as a researcher and 
teacher. Wyngaard studied turbulence with John Lumley 
at The Pennsylvania State University, beginning his studies 
just before Lumley and Hans Panofsky had published their 
influential book, The Structure of Atmospheric Turbulence. 
That book attempted to reach out to both the engineering/
mathematical physics and the meteorological communities, 
but it was written in two distinct parts. When it was first 
published the meteorologists didn’t understand Lumley’s 
part and the engineers didn’t understand Panofsky’s 
part. Wyngaard’s book is an attempt to provide a modern 
unified account which will appeal to both engineers and 
geophysicists.
 Throughout the book Wyngaard emphasises the 
importance of observations in interpreting and verifying 
theory and model simulations, and stresses that 
observations by their nature lag behind theory and model 
results. Wyngaard’s own research has encompassed 
observations (especially important was his work on the 
Kansas and Minnesota Field Experiments in understanding 
turbulent budgets and profiles), theory (e.g. top-down, 
bottom-up diffusion, flow distortion and sensor design) and 
modelling (particularly second-order closure and large eddy 
simulations). Even with a limit of nearly 400 pages, he has 
had to make choices about what to include. He concentrates 
the discussion on the fundamentals, such as Deardorff’s 
large eddy simulations and Willis and Deardorff’s convective 
tank experiments, and because it is a teaching text for a 
graduate course, he includes Questions on Key Concepts 
and Problems at the end of each chapter.

 The book is arranged in three parts. The first part deals 
with the concepts and tools for studying turbulence, e.g. 
averaging processes and their convergence, the eddy 
velocity scale, the turbulent spectrum, turbulent vorticity, 
eddy diffusivity, second-order closure of the conservation 
equations for ensemble-averaged fluxes, spatially-averaged 
equations and large eddy simulation, spectral energy cascade 
and the Kolmogorov hypotheses, including dissipation-
intermittency models, and two-dimensional turbulence.
 The second part looks at turbulence in the atmospheric 
boundary layer. Monin-Obukhov similarity theory is 
introduced and its usefulness and limitations are explored. 
There are chapters showing observations and simulations 
of the atmospheric surface layer, the convective boundary 
layer and the stable boundary layer. 
 The last section presents statistical tools for investigating 
turbulence, e.g. probability densities and distributions, co-
variances, autocorrelations, spectra, axial-symmetry and 
local isotropy. Also included are applications to account 
for the effects of sensor separation, spatial averaging and 
probe-induced flow distortion.
 The mathematical analysis is written in terms of Cartesian 
tensors and Fourier-Stieltjes integrals, but by now the 
meteorological community is better equipped to deal with 
these representations. The influence of the Lumley and 
Panofsky text is clearly present everywhere, but Wyngaard’s 
book goes far beyond it to present a much more complete 
picture of the turbulent atmosphere. The theoretical 
framework for studying turbulent flow has not changed much 
since Lumley and Panofsky’s book, but the ability to model 
it using second-order closure and large eddy simulation has, 
spurred on by advances in high-speed computing. Also our 
observational understanding of atmospheric turbulence has 
changed markedly, due to advances in electronics and optics, 
making the measurement of turbulent fluxes and other 
statistics possible through direct or remote measurement. 
This is the strength of Wyngaard’s presentation; he provides 
a solid foundation for understanding each of these areas. 
Wyngaard writes very clearly, but does demand the reader’s 
full attention. I would recommend this excellent introduction 
to anyone who wishes to gain an overview of atmospheric 
turbulence.
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