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Preface

The aim of this book is not for us to rewrite a new reference book
on radiative transfer or atmospheric physics and chemistry; the
bibliography of this field is already very rich, such as the reference
books we mention all chapters or each chapter. Here, the goal is to
provide an overview of spatial infrared observations for studies on the
Earth’s atmosphere. The theoretical and instrumental bases and the
numerical methods are summarized, as well as the main application
domains, which are illustrated with the help of some concrete
examples.

This book is, therefore, aimed primarily at undergraduate or
Master’s students in Physics and Physico-Chemistry, who will find it
easy to acquire basic knowledge in this field, with the help of many
illustrations, tables and summaries. However, we also think that it will
be a useful resource for PhD students and researchers in related
scientific fields to help better place their work in the context of current
and future space missions with the help of many examples and
bibliographic references contained in this book. Thus, this provides an
initial theoretical overview before thorough knowledge is acquired on
a specific topic associated with infrared observations of the
atmosphere. For this, we selected a non-exhaustive list of key
references in the field, which we present at the end of each chapter in
a section called “for further information™.
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Before you start reading this book, we wish to draw the reader's
attention to some recurring definitions throughout this book.

Much space is devoted to high spectral resolution measurements.
In general, the spectral resolution of an instrument defines the
capacity of its measurement to distinguish between two different
wavelengths. Thus, there is no definition in the strict sense of what
“high spectral resolution (HSR)” is, since it depends on the spectral
variation of the object of study. However, in spectroscopy, it is
common to use the term high spectral resolution for any measurement
with a resolution in the order of magnitude of the Doppler width of the
lines. In a broader sense, and in the case of gaseous absorption
analysis by infrared remote sensing, we consider that the term HSR
can be applied to all measurements, which helps solve structures of
rovibrational molecules (typically AT < 1 ecm™).

In the field of spectroscopy, the parameter and unit which are
commonly wused to characterize electromagnetic waves are,
respectively, the wavenumber and cm. These can sometimes be
confusing for those working in the microwave or far infrared range of
the spectrum, which often use the frequency: v [GHz], or for those in
the visible-UV domain where one is more likely to use wavelength A
[nm or pm]. Thus, in this book, we often use the wavenumber: 7,
which is the number of oscillations of the electromagnetic wave per
unit length. This term was introduced for the first time by Rydberg,
for quantification of emissions from a hydrogen atom. Subsequently,
the work on the radiation—matter interaction focused on theoretical
and experimental studies of atoms. The wavenumber then became the
“reference” and was often expressed in cm™ to avoid having to deal
with many decimal places. Since 1960, molecular spectroscopy has
been booming, through the use of Fourier transform spectrometers.
However, for these, the wavenumber expressed in cm™ provides a
direct mathematical relationship with the optical path difference [cm].
Thus. although a little “unusual”, the wavenumber in cm™ is still the
preferred unit for characterizing infrared measurements with high
spectral resolution.

Finally, in this book, we have deliberately omitted the use of the
word photon. Indeed, the term “photon™ is frequently mentioned in the
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field of atmospheric radiative transfer. We often find phrases such as
“the direction of the photon™, “photon trajectory” and “photon
mapping”. The latter term is particularly used in the case of Monte
Carlo codes used for the radiative transfer in heterogeneous
atmospheric environments. This misuse of the term photon has been
criticized many times in atmospheric radiation literature. In modern
physics, it is in fact well known that it is not possible to associate a
position or a precise path to a photon and this term only should be
used strictly in the context of quantum electrodynamics. Thus, based
on a summary note [PUJ 15], which comments on the misuse of this
term, we will use the neologism Fictive LIght Particle (FLIP) as a
substitute for the term photon, simple terminology but one that does
not contradict the fundamental principles of modern physics.

Hervé HERBIN
Philippe DUBUISSON
September 2015



