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Foreword

During the past several decades an appreciable amount of research and development
has been focused on the use of remote sensing techniques to better our understand-
ing of weather and the atmosphere. Radar has the obvious advantage of providing
observations with temporal and/or spatial continuity which is leading to improved
forecasts of weather.

Observations and interpretation of Doppler and polarimetric weather radar data,
combined with in situ observations, have led to giant leaps in our understanding
of the dynamics and microphysics of weather systems. Complementary to weather
radar observations are those obtained with typically longer wavelength radars (i.e.,
wavelengths from meters to centimeters versus centimeters to millimeters used to
observe precipitation and clouds), observing the precipitation-free atmosphere. The
echoing mechanism at these longer wavelengths is typically Bragg scatter from
refractive index perturbations caused by turbulent mixing, or reflection from sharp
gradients in refractive index. These long-wavelength and super-powerful radars,
referred to as atmospheric radars, have mapped the vertical structure of reflectivity
and radial winds in the clear atmosphere from below a kilometer to well above
100 km, whereas meteorological radars map the reflectivity and radial velocities
of precipitation and cloud particles on horizontal surfaces at various heights in
the troposphere. Weather and cloud radar research has attracted the attention of
meteorologists whereas atmospheric radar research has primarily attracted the
attention of atmospheric physicists.

The authors have done a remarkable job of combing the results of research in
these two disciplines to provide readers with a comprehensive overview of the
outstanding observations that have been made with radar used as a remote sensor
of weather and atmospheric phenomena. This book has a generous amount of
figures that display many of the remote sensing facilities to give the reader a
quick appreciation for the variety of atmospheric and meteorological radar types
around the world, many of which are unique and interesting. Furthermore, liberal
reference to publications provides readers a vast reservoir for further pursuit of
their preferred topics of interest. In addition this book presents the fundamentals
of remote sensing so that students and professors, with a minimal background in
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physics and electromagnetic theory, and engineers in the field can better understand
the potential and limitations of radar in observing weather and the atmosphere while
learning about the various instruments and techniques used in remote sensing. The
authors plan to maintain a Website where comments from readers can be addressed
and where supplements to the book can be found; this will help to keep the book
current and up-to-date.

Norman, OK Richard J. Doviak



Preface

With the application of radar to observations of the atmosphere, various weather
phenomena and winds in the clear atmosphere can be monitored and mapped
in real time. Great progress in understanding weather and the dynamics of the
atmosphere has been made using radar, which brings new observational discoveries
and promotes further understanding of our environment.

Remote sensing with radar has been developed in the interdisciplinary domains
of physical science and engineering. In the past, advances in weather and the atmo-
spheric sciences have developed independently because the respective engineering
efforts and scientific studies were conducted within relatively separate communities.
However, the scientific and technical bases for atmospheric observations with radar
can be treated in common. We worked in academia (Fukao) and industry (Hamazu)
and have collaborated to develop various types of weather and atmospheric radars.
Routine discussion with our colleagues convinced us that understanding of weather
and atmospheric radars can be deepened if they are described comprehensively and
systematically in one volume using common approaches whenever possible.

This book is written for scientists, engineers, students, and other interested
meteorological and atmospheric personnel. In this book, we try to bridge the gap
in our understanding of weather and atmospheric radar. The book consists of two
parts. The first half, Chaps. 1–7, mainly discusses the theoretical bases of weather
and atmospheric radar, and the last half, Chaps. 8–12, describes actual systems and
observations with these radars. This interdisciplinary book was first published in
Japanese by the Kyoto University Press in 2005. In the English version, all chapters
including those dealing with recent developments contain more in-depth coverage
than does the original.

Kyoto, Japan Shoichiro Fukao
Iga, Japan Kyosuke Hamazu
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Chapter 1
Introduction

1.1 Principle of Radar

A variety of weather and atmospheric phenomena occur and change every moment
in the Earth’s atmosphere. This book presents the techniques and sciences of
remote sensing various phenomena with radar. Remote sensing is a technique that
indirectly measures target without touching it directly in a distant place. Radar is
an abbreviation for “RAdio Detection And Ranging”, which is an electronic system
that generates electromagnetic waves in the transmitter, radiates them into space
via antenna, receives the scattered signal returning from the target, and measures
the position, movement of the target, etc. Usually, the same antenna is used for
transmission of the electromagnetic wave and reception of the return signal. The
target position is obtained according to the direction where the scattered signal
returns to the antenna, and to the distance calculated by the lapse of time that the
electromagnetic waves make in the round-trip between radar and target.

As for the targets that scatter electromagnetic waves, various types of scatterers
are known, e.g., isolated objectives such as aircrafts and ships, minute distributed
particles such as precipitation and clouds, and perturbations of radio refractive
index due to atmospheric turbulence. In this book, the properties of scatterers
such as precipitations, clouds, and fogs associated with weather, and refractive
index perturbations caused by atmospheric turbulence are presented. The former
is mainly observed with meteorological radar (or weather radar), and the latter
with atmospheric radar. The conceptual diagrams of meteorological radar and
atmospheric radar are shown in Fig. 1.1a and b, respectively. The atmospheric
radars typically make observations overhead (i.e., at high elevation angles), whereas
meteorological radars typically scan the atmosphere at relatively low elevation
angles. Furthermore meteorological radars typically use parabolic reflector antennas
whereas atmospheric radars use phased array antennas. Although the frequencies
adopted for meteorological and atmospheric radars are different due to the differ-
ence of scattering mechanisms of the targets, many aspects of the basic configuration
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