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Preface

Light scattering is used in many applications, ranging from optical particle sizing
of powders to interstellar dust studies. At the moment there is no a specialized
journal aimed at studies of exclusively light scattering problems. Instead, dif-
ferent aspects of the problem and also different applications are considered in a
variety of specialized journals covering several scientific disciplines such as chem-
istry, physics, biology, medicine, astrophysics, and atmospheric science, to name
a few.

The Light Scattering Reviews (LSR) series started in 2006 with the aim of
facilitating interaction between different groups of scientists working in diverse
scientific areas but using the same technique, namely light scattering, for solu-
tion of specific scientific tasks. This second volume of LSR is devoted mostly
to applications of light scattering in atmospheric research. The book consists of
eight contributions prepared by internationally recognized authorities in corre-
spondent research fields.

The first paper prepared by Howard Barker deals with the recent develop-
ments in solar radiative transfer in the terrestrial atmosphere and global climate
modelling. In particular, methods to compute radiative transfer characteristics
needed for numerical global climate models are discussed in a great depth. Their
deficiencies are addressed as well. The problem of 3D radiative transfer in cloudy
atmospheres, a hot topic in modern climate modelling, is also considered.

Anthony Baran prepared a comprehensive review aimed to studies of radia-
tive characteristics of cirrus clouds. The global coverage of these clouds is quite
large – up to 30% (70% in tropics). So cirrus plays an important but poorly
defined role in the climate system. Methods of computing local optical charac-
teristics of cirrus such as extinction coefficient, single scattering albedo, phase
function and phase matrix, are given as well. He outlined traditional and novel
methods to probe cirrus using airborne and satellite measurements.

Hironobu Iwabuchi addresses an important question of 3D radiative transfer
in satellite cloud remote sensing. Up-to-date cloud remote sensing operational
satellite remote sensing techniques are based on the model of a homogeneous
cloud layer, which is never the case in reality. Clouds are inhomogeneous on
all scales. Therefore, it is of importance to quantify errors, which are due to
the use of 1D theory in retrievals. More importantly, new techniques must be
developed, which account for 3D effects in retrieval procedures and also use 3D
effects (e.g., shadows, cloud brightening and darkening) for the development of
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new aerosol/cloud remote sensing techniques. The paper of Hironobu Iwabuchi
is an important step in this direction.

Aleksey Malinka reviews the physical principles and ideas behind Raman li-
dar remote sensing of clouds and other geophysical media. The scattered light
frequency can shift to the value, equal to an eigenfrequency of a scattering sub-
stance molecule. This allows the establishing of the presence of substances whose
eigenfrequencies correspond to lines in the measured spectrum. The review is fo-
cused on techniques to account for Raman multiple light scattering in inverse
problems of light scattering media optics. The described approximate analyti-
cal theory has an important advantage in terms of speed of calculations and no
doubt will be used in future for a number of applications in different branches
of light scattering media optics. In particular, a solution which explicitly relates
the Raman lidar return to the medium local optical characteristics and the lidar
parameters is derived. This is of importance for the solution of inverse problems.

Otto Hasekamp and Jochen Landgraf consider the application of the forward-
adjoint perturbation theory for the solution of selected inverse problems of atmo-
spheric optics taking account of the polarization of scattered light. In particular,
the authors perform an analytical linearization of the vector radiative trans-
fer equation with respect to atmospheric scattering parameters. Based on the
developed approach, the authors describe a very effective approach to retrieve
microphysical aerosol characteristics from spectral measurements of multiply
scattered light intensity and polarization. The proposed theoretical technique
has a potential for applications beyond the area of atmospheric research (e.g.,
in ocean and tissue optics).

Vladimir Rozanov and his co-authors demonstrate the role of derivatives of
scattered light intensity in the formulation and solution of inverse problems. In
particular, a relationship between the partial and variational derivatives of the
intensity of radiation with respect to atmospheric parameters and the weighting
functions is described. The basic equations for the direct and adjoint radiative
transfer are reviewed. The solutions of these equations are used for the calcu-
lation of the weighting functions needed for the determination of atmospheric
parameters from backscattered solar light measurements.

The last part of the book is aimed to the description of advanced numer-
ical techniques of light scattering media optics. In particular, Thomas Wriedt
describes the null-field method with discrete sources widely used for the calcula-
tion of scattering and absorption characteristics of scatterers having nonspher-
ical shapes (spheroids, fibres, disks, Cassini ovals, hexagonal prisms, clusters
of spheres, etc.). The method was originally developed to solve the stability
problems in the standard T-matrix technique for the case of elongated and flat
scatterers.

Olga Nikolaeva and co-workers review numerical grid schemes of the 3D
radiative transfer equation solution. In particular, RADUGA code designed for
multiprocessor computations is described. The code can be used to study light
scattering and transport in finite light scattering objects of complicated shapes
such as broken clouds and aerosol plumes.



Preface XXIII

This volume of Light Scattering Reviews is dedicated to the memory of Yoram
Kaufman (01.06.1948–31.05.2006) and Kirill Ya. Kondratyev (14.06.1920–01.05.
2006), who made extremely valuable contributions to modern atmospheric re-
search.
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