
Preface

With ever increasing global population, intense pressure is being exerted on the
Earth’s resources, leading to severe changes in its land cover (e.g., forests giving
way to settlements), diminishing biodiversity and natural habitats, dwindling fresh
water supplies and the degradation in the quality of the little that is available, and
changing weather and climatic patterns, especially global warming with its asso-
ciated predicted catastrophes such as rising sea level and increased numbers of
extreme weather events. These human-induced and natural impacts on the envi-
ronment need to be well understood in order to develop informed policies, deci-
sions, and remedial measures to mitigate current and future negative impacts for
the benefit of human society, and the natural world at large.

Such a situation calls for the continuous monitoring of the environment to
acquire data that can be soundly and rigorously analyzed to provide information
about the current state of the environment and its changing patterns, and to enable
predictions of possible future impacts. Environmental monitoring techniques that
may provide such information are under scrutiny from an increasingly environ-
mentally conscious society that demands the efficient delivery of such information
at a minimal cost. In addition, it is the nature of environmental changes that they
vary both spatially and temporally, thereby putting pressure on traditional methods
of data acquisition, some of which are very labour intensive, such as animal
tracking for conservation purposes. With these challenges, conventional moni-
toring techniques, particularly those that record spatial changes, call for more
sophisticated approaches that deliver the necessary information at an affordable
cost. One direction being followed in the development of such techniques involves
satellite environmental monitoring, which can act as stand-alone methods, or to
complement traditional methods.

One of the most versatile means of using satellites for environmental moni-
toring involves global navigation satellite systems (GNSS), the general term for
the US-based Global Positioning System (GPS), Russian’s Global Navigation
Satellite System (GLONASS), China’s Beidou or Compass, and the European
Galileo satellite systems. GNSS is a satellite tool with the capability of providing
location (spatial) data, remote sensing of the Earth’s atmosphere (temperature and
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pressure) and surface, assisting in precise orbit determination of low earth orbiting
environmental satellites, and supporting the tracking of elusive fresh underground
and surface waters, among many other uses. Its spatial data are also integrable with
other remote sensing, socio-economic, and field survey data through geographical
information systems (GIS) to provide highly continuous real-time spatio-temporal
dataset that are of enormous benefit to the emerging field of geosensor-network
environmental monitoring discussed in Sect. 14.1.2.

For example, GNSS-based radio telemetry is a modern method for observing
animal movements, thereby moving the burden of making observations from the
observer (i.e., researcher) to the observed (i.e., animal), and in so doing alleviating
the difficulties associated with personal bias, animal reactions to human presence,
and animal habits that make most of them secretive and unseen [1]. This method
provides large, continuous, high-frequency data about animal movement, data
which, if complemented by other information dealing with animal behaviour,
physiology, and the environment itself, contributes significantly to our knowledge
of the behaviour and ecological effects of animals, allowing the promotion of
quantitative and mechanistic analysis [1]. Another very different example of the
use of GNSS for environmental studies is its contribution to weather and climate
change monitoring via the new field of GNSS-meteorology. Such methods are
complimentary to traditional radiosonde techniques, which unfortunately inade-
quately cover the southern hemisphere and oceanic regions, while water vapor
radiometers are adversely affected by clouds. In environmental impact assessment
(EIA), strategic environmental assessment (SEA), and sustainability assessment
(SA), GNSS methods provide maps, distances, and locations that help in decision
making and also in the modelling of the impacts of policies. In epidemiology,
GNSS is finding use in the study of the spread of infectious diseases and climate
change effects on vector-borne diseases.

It is with this almost overwhelming variety of uses of GNSS for environmental
monitoring in mind that this book is written, the purpose being to bring its theory
and possible environmental monitoring applications together within one volume. It
is hoped that environmentalists will be able to quickly find references to the theory
of GNSS, while geodesists and others not specifically working in environmental
fields will have numerous examples that could motivate further development of
GNSS techniques for the benefit of environmental monitoring. For this reason, the
book is divided into two parts. Part I deals with the basics of GNSS, while part II
looks at its applications.

Thanks to C. Hirt, A. Elmowafy and J. Walker of Curtin University, C. Ogaja of
California State University (Fresno), and G. Odhiambo of UAE University for
their valuable comments on the initial chapters of the book. Special thanks to
K. Fleming of GFZ-German Research Center for Geoscience (Germany) for
sparing his time to proof read the book repeatedly without getting tired. Further
thanks to him for providing many valuable comments and for preparing some
figures of Chap. 10. Several figures in this book have been generously provided by
various authors. In this regard, I would like to thank D. Rieser (Graz University of
Technology), M. Motagh (GFZ), M. Jia (Geoscience Australia), F. Urbano
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(RICENRA, Edmund Mach Foundation, Italy), and R. Mikosz (Federal University
of Pernambuco, Brazil). Some figures and materials also came from the work
undertaken jointly with my colleges B. Heck (Karlsruhe Institute of Technology,
Germany), W. Featherstone, M. Kuhn, K. Fleming and I. Anjasmara (Curtin
University), M. Sharifi (Tehran University), A. Hunegnaw (University of
Edinburgh), O. Baur (Space Research Institute, Austrian Academy of Science),
E. Forootan (Bonn University), J. Wickert, T. Schmidt (GFZ, Germany), JBK
Kiema (University of Nairobi) and my students N. Wallace, Khandu, G. Schlo-
derer, M. Bingham, and T. Opande. To you all, ‘‘arigato gozaimasu’’ (Japanese for
thank you very much). To all my Curtin University 3rd year (Satellite and Space
Geodesy unit), and 2nd year (Civil Engineering) students who used materials from
the draft book and provided feedback, I say ‘‘Danke sehr’’ (German for thank you
very much).

I wish to express my sincere thanks to Prof. B. Heck of the Department of
Physical Geodesy (Karlsruhe Institute of Technology, Germany) for hosting me
during the period of my Alexander von Humboldt Fellowship (2008–2011) when
part of this book was written. In particular, his ideas, suggestions and motivation
on Chaps. 9, 10, and 11 have enriched the book considerably. I am also grateful to
Prof. B. Veenendaal (Head of Department, Spatial Sciences, Curtin University,
Australia) and Prof. F. N. Onyango (former Vice Chancellor, Maseno University,
Kenya) for the support and motivation that enabled the preparation of this edition.
Last, but not least, I acknowledge the support of Curtin Research Fellowship,
while my stay at Karlsruhe Institute of Technology (KIT) was supported by a
Alexander von Humboldt’s Ludwig Leichhardts Memorial Fellowship. To all,
I say, ‘‘ahsante sana’’ (Swahili for thank you very much). To my wife Naomi
Awange and daughters Lucy Awange and Ruth Awange, may God bless you for
your patience and support, especially the hard times that you endured while I was
away in Germany. This is an Institute for Geoscience Research (TIGeR) publi-
cation No. 389.

Karlsruhe, Germany, October 2011 Joseph L. Awange
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