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Foreword

Taking measurements in the atmosphere means to work in a “non-periodic”, chaotic
environment. Consequently, it is impossible to repeat any measurements under same
conditions, because every state of the atmosphere is unique and will never occur again.
Another consequence is the basic impossibility to find a representative location for
a measurement because of the non-linear scale interaction in the atmosphere. Pro-
cesses on any scale interacts with those on all other scales. The basic requirement
of reproducibility, any laboratory experiment has to meet, can, therefore, never be
fulfilled by measurements in the atmosphere.

To address this dilemma atmospheric scientists have learned to think in spatial
and time scales and to select such information from measurements which is relevant
for the scale of interest. This is achieved by selecting suitable designs of the field
experiments, station networks, instrumentation, and data processing. Therefore, the
requirements on observation systems and the applied observation technologies are
progressing continuously with the state of science and technology.

The World Meteorological Organization (WMO) has established under the
“WMO Integrated Global Observing System” (WIGOS) a process to monitor these
“rolling” requirements and to document them with the web-based “Observing Sys-
tems Capability Analysis and Review Tool” (OSCAR). OSCAR provides a structure
along scales, applications, and variables and is an open tool to which everybody can
contribute.

Systematic meteorological observations were established when scientists began
to develop classifications (taxonomies) of natural phenomena. Up to day, we still use
a cloud classification scheme inspired by the British pharmacist Luke Howard, who
developed its basic version at the beginning of the nineteenth century. Meanwhile
we have learned to describe and predict the state of the atmosphere with quantita-
tive methods based on physical principles formulated with mathematical equations.
Consequently, we are not able today to use phenomenological descriptions anymore.
Today we need information on physically well-defined variables. From my perspec-
tive, this is the challenge for the further development of observing systems and the
required measurement techniques. It is also an opportunity to improve and extend our
knowledge about the atmosphere.

This book supplements the guidance provided by the intergovernmental Tech-
nical Commission for Observation, Infrastructure and Information Systems (COIIS)
of the World Meteorological Organization (WMO), which is tasked as a specialized
UN organization “to promote standardization of meteorological and related observa-
tions...” (Article 2 of WMO Convention).

Prof. Dr. Gerhard Adrian
President German Meteorological Service (DWD)
and World Meteorological Organization (WMO)

Gerhard Adrian
President DWD and WMO
(photo: © Bildkraftwerk-
Bela/DWD)



Preface

The Springer Handbook of Atmospheric Measure-
ments is the result of many rounds of discussion with
renowned scientists and the publisher, with the intention
of developing a reference work that comprehensively
covers all aspects of measurements in the atmosphere
and at its interface with plants, soil, and water, includ-
ing some general aspects of metrology. I was happy to
bring to this project my nearly 50 years of experience
in atmospheric measurements, with a strong focus on
micrometeorology, and my more than 25 years of expe-
rience working in the standardization of meteorological
measurements for VDI (The Association of German
Engineers) and DIN (the German Institute of Standard-
ization).

Several developments have made this handbook
necessary and timely. Most of the classical in-situ in-
struments have been replaced by electrical measuring
devices. Not only has the toxicity of mercury led to
international agreements preventing its use in barom-
eters and thermometers, but the reduction in visual
weather observations has resulted in a requirement for
low-maintenance electrical sensors and automatic sta-
tions. Besides the use of discrete sensors for the various
meteorological elements at classical weather and cli-
mate stations, more compact sensors are now available.
These incorporate all of the sensors into a small weather
station with dimensions of 10-30 cm. Furthermore, so-
called smart sensors with wireless connectivity and
satellite positioning data enable anyone to measure me-
teorological parameters. The issue of quality control
is then shifted from the single sensor to the network,
and the crowdsourcing approach necessitates intelligent
software to separate biased from accurate data.

Remote sensing instruments were the exclusive do-
main of meteorological services or scientific institu-
tions, but more recently they have—with the exception
of some very complicated instruments and instruments
that are in development—passed into more general use.
Besides weather radar, ceilometers and radar wind pro-
filers have recently become standard instrumentation in
meteorological networks. The fast development of the
wind power industry has supported the development of
Doppler wind lidars, and these instruments have be-
come much smaller and even relatively inexpensive.

Similarly, throughout their long history, meteoro-
logical observations have been the task of meteorol-
ogists alone—until recently. Nowadays, agencies that
carry out environmental monitoring use meteorologi-
cal data and have their own networks, as does industry.

With the ability to measure fluxes, ecologists have
become an important group that apply atmospheric
measurements. The handbook therefore also includes
specific measurements at the interface between the at-
mosphere and the biosphere and pedosphere.

As already mentioned, quality control and stan-
dardization are important procedures for ensuring that
highly accurate meteorological information with high
spatial resolution is made available. This is not only
a task for calibration laboratories. It is important that
the developers and implementers of software tools un-
derstand the complicated structure of the atmosphere
in terms of the vertical and horizontal fields of meteo-
rological elements, particularly in heterogeneous areas
such as cities and their surroundings.

This handbook is divided into five parts. Part A is
an introduction to the handbook, with chapters covering
the structure of the atmosphere, the basics of measure-
ments, the fundamentals of quality control, and the stan-
dardization of measurements. Furthermore, quantities
that are necessary for measurements in the atmosphere
and the soil are provided in abundant tables. Some of
those tables are also available online. All quantities are
given in accordance with the International Temperature
Scale (ITS-90).

Part B includes all in-situ measurement methods,
and starts with an overview of ground-based platforms.
Besides classical measurements such as temperature,
humidity, wind, pressure, radiation, precipitation, and
visibility, sensors for electricity, trace gases, aerosols,
stable isotopes, and radioactivity are also described.
Only basic information is provided for the latter cate-
gory because other monographs are available for trace
gas and aerosol measurements. A final chapter cov-
ers the relatively new technique of optical-fiber-based
measurements in addition to classical odor and visual
observations.

Parts C and D are devoted to remote sensing
techniques, which are separated into ground-based
and aircraft/satellite-based techniques. An introduction
to airborne platforms is included. The discussion of
ground-based measurements (Part C) includes sodar,
RASS, different types of lidar, radar, scintillometers,
spectrometric methods that use light of different wave-
lengths and microwaves. Furthermore, tomographic
methods that use sound waves, and electromagnetic
waves of satellite navigation systems, are chapters
of the handbook. Because aircraft- and satellite-based
methods have become more and more important for an-
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alyzing a very large number of meteorological elements
and properties of the Earth’s surface, they are consid-
ered separately in Part D, in spite of some overlap with
earlier discussions of lidar, radar, and methods based on
microwaves, visible light, or infrared light.

Part E is largely atypical for a book concerning
atmospheric measurements. It describes the combi-
nation of different sensors for specific applications
and measurements at the interface between the atmo-
sphere and the underlying surface. First, horizontally
distributed observations—including classical weather
stations, crowdsourcing, and mesometeorological net-
works—are considered, followed by vertical measure-
ment systems such as aerological measurements and
composite profiling. Here, horizontally moving systems
are aircraft, unmanned aircraft systems, and ground-
based moving systems. Subsequent chapters focus on
special applications such as measurements of different
types of renewable energy and urban measurements,
and then on measurement techniques for and appli-
cations of fluxes: fog deposition, dry deposition, the
eddy-covariance technique and similar measurements,
lysimeter and evapotranspiration measurements and
calculations, and chamber measurements at plants and
the soil surface. Finally, short chapters describe mea-
surements in soil and water.

Part F—the final part of this handbook—discusses
networks, which play important roles in rendering mea-
surements comparable and achieving a high standard of
measurement quality. The two chapters in Part F give
an overview of networks of atmospheric and ecological
measurements.

Given the timeframe of the present edition of this
handbook, it was not possible to provide complete cov-
erage of all instruments used for atmospheric measure-
ments. However, the editor and Springer are hopeful
that, in a future edition, the minor gaps in coverage will
be filled by recruiting authors who are able to take on
the time-consuming task of providing new chapters on
instruments not discussed here.

Some comments on the organization of this hand-
book may be helpful. Most of the chapters are struc-

tured in the same way for easier orientation of the
reader, although the subject matter of some chapters
meant that they could only broadly follow this schema.
Section 1 of each chapter gives a short overview of the
measured variables and their dimensions as well as the
main measurement principles. Section 2 is a historical
part, which we included not only because this is quite
interesting but also because many techniques have not
been in use for the last 10-50 years. For currently used
measurement methods, Section 3 presents the theory
and Section 4 the applicable devices. In most of the
chapters, the advantages and disadvantages of the vari-
ous relevant sensors or methods are also listed at the end
of Section 4. In the majority of the chapters, Section 5,
on specifications, allows the reader to rapidly review the
measurement ranges, accuracies, or response times of
the devices and methods in tabulated form. Quality con-
trol, calibration, and reference standards are discussed
in Section 6, and Section 7 gives an overview of nec-
essary maintenance actions along with the appropriate
time intervals. Some selected examples of applications
of the devices and methods are shown in Section 8, and
further developments are discussed in Section 9. Mono-
graphs, overview papers, and standards are available for
many of the techniques, and these are listed in the Fur-
ther Reading section. Every chapter ends with a long
list of references.

I want to thank the 140 authors and, in particular,
the corresponding authors for their significant contri-
butions to this handbook, as well as the more than 60
reviewers for their helpful reviews of all chapters. Many
thanks are due to Dr. Judith Hinterberg for develop-
ing the concept of the handbook, and to Ursula Barth,
both from Springer Nature Heidelberg, for the intensive
communication with me and the authors and Jeannette
Krause (le-tex, Leipzig) for the preparation of the final
manuscript. Last but not least, I thank my wife and our
family for their sympathy and support of this project
over the last four years.
Bayreuth, Germany Thomas Foken
August 2021
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