Preface

This welcome volume is a collection of articles principally adapted from
articles published in the Philosophical Transactions triennial issue. It very
largely reflects the views of younger scientists, and highlights how the Earth
Sciences continue to delight us with new ideas and controversies. Many of
the authors are research fellows, or former research fellows, of the Royal
Society, and the editors have successfully assembled an entertainingly eclec-
tic mix. The book is divided into three sections covering Environmental
Change, the Dynamics of the Earth, and Applied Earth Science, and the
topics range from costing climate change, to the properties of the Earth’s
core and objectively optimised Earth observation.

In costing climate change Dave Reay notes that economics and climate
change have a great deal in common, in that they seek to predict the future
on the basis of what has recently gone before. He examines existing cost-
benefit analyses of greenhouse gas reduction policies and concludes that
economics cannot provide a justification for political inaction on green-
house gas emissions. Andy Ridgwell and Karen Kohfield illustrate the inte-
grative thinking that is required in addressing the Earth system through
the medium of dust. Dust is important globally because of the control it
exerts on marine plant productivity and hence the uptake of CO5 from the
atmosphere. The current perturbation of the carbon cycle is so large and
fundamental that it has been suggested that the Earth has entered a new
geological epoch. Yadvinder Malhi reviews the likely causes of different car-
bon sinks and sources and highlights the limits to the amount of carbon
that can be stored in natural vegetation. It may be that terrestrial carbon
storage is unstable to significant global warming, and hence have the poten-
tial to accelerate rather than brake global warming. Finally in this section,
Richard Twitchett explores what can be learnt from a better understanding
of the largest mass extinction event in the last few 100 million years, at the
end of the Permian.

In the Dynamics of the Earth, Cathyrn Mitchell explores how tomogra-
phy has been developed from a medical tool into a technique for imaging the
ionised plasma around the entire Earth. It may be a little early to achieve
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‘Tonospheric Weather’ forecasting, but real-time movies now allow us to
watch the result of the Earth’s bombardment by solar wind during events
known as storms. Eiichi Fukuyama changes scale sharply to show how the
dynamic rupture process of real earthquakes can now be simulated, given
the right information. A major development has been the ability to obtain
improved information on the rates of natural processes from the geological
record. This is illustrated by Simon Turner in his review of the applica-
tion of short-lived U-series to investigate the time scales of the magmatic
processes that occur beneath island arc volcanoes. New continental crust
is generated at island arcs, and Tim Minshull discusses how such crust is
subsequently broken apart in response to plate tectonic processes. Some
continental margins have considerable volumes of igneous rocks associated
with continental break-up, and others do not. More research is required
on paired continental margins, and in the development of computer mod-
els that can handle the transition from continental deformation to sea-floor
spreading and the formation of a new ocean basin. There is continuing inter-
est in the Earth’s core, its composition and when it was formed. Francis
Nimmo and Dario Alfe focus on the properties of core-forming materials,
how core motions generate the Earth’s magnetic field, and the evolution of
both the core and the dynamo. They also briefly review the current state
of knowledge for cores and dynamos on other planetary bodies.

Chris Kilburn starts the Applied Earth Science section with a reap-
praisal of the hazards from large landslides. Their size and speed prevent
effective hazard mitigation after collapse, and so the emphasis is on advance
warning of collapse and how on far individual landslides may travel. The
earthquake cycle remains poorly understood, but Tim Wright explains the
exciting advances that have been made using radar interferometry with data
from satellites. Detailed maps of the warping of the earth surface can now
be obtained for the first time, and they provide remarkable observations of
the earthquake cycle. Dominik Weiss, Malin Kylander and Matthew Reuer
review the environmental and human impact of lead. Lead has been mined
since ancient times, but by 1983 human activities accounted for ~97% of
the global mass balance of lead. The amounts may have decreased since
then, but the release of lead into the environment has also provided a geo-
chemical tracer providing new insights into its fate and transport within
marine and terrestrial systems. The move to clean up automobile emissions
has resulted in a considerable demand for platinum in the manufacture of
catalytic converters, and Hazel Pritichard reviews likely sources of plat-
inum and palladium. They remain rare in the rocks of the Earth’s surface,
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but significant amounts are accumulating in our cities from where it may
be possible to recycle them. The volume culminates with a major vision
for the future, an objectively optimised earth observation system with inte-
grated scientific analysis. David Lary and Anuradha Koratkar show how this
would dynamically adapt the what, where, and when of the observations
made in an online fashion. It might change some of the ways in which we
do science, and be used for a wide range of earth and environmental science
observations, even including perhaps the sites of likely malaria outbreaks.
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