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geomorphology, dust, drought, desertification, microhabitats,
and adaptation to dryland environments.

This interdisciplinary volume draws on the author’s experi-
ence over several decades to provide an extensive review of the
primary literature (covering nearly 2000 references) and a guide
to the conventional and satellite data sets that form key research
tools for dryland climatology. Illustrated with over 300 author
photographs that demonstrate physical processes and the evo-
lution of dryland landscapes, this book presents a unique view
of dryland climates for a broad spectrum of researchers, envir-
onmental professionals, and advanced students in climatology,
meteorology, geography, environment science, earth system sci-
ence, ecology, hydrology, and geomorphology.
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Preface

Climate was long defined as the mean weather conditions in a
given location. A corollary to this definition is that climate is an
inherent and invariant aspect of environment. More and more,
climate is being recognized instead as an environmental vari-
able, and an overwhelming body of evidence points to accel-
erated rates of climate change during the past century. At the
same time, unmistakable environmental changes have occurred
in dryland regions in response to human behavior. Some of the
human factors include the sedentarization of nomads, the con-
tinual increase in urbanization, population increase, land-use
changes, and technological means of exploiting the environ-
ment. The result is worldwide changes in the land surface, soils,
and vegetation. One of the future challenges is to understand
the interplay between these various aspects of the environment
and managing the environmental resources in ways that pro-
vide for human well-being while conserving and protecting the
resources.

There are pressing reasons for focusing on the drylands. First,
because the essential resource — water — is discontinuously avail-
able in time and space, environmental processes are quite fragile.
The semi-arid regions, in particular, are expected to be among
those most sensitive to future climate change and increasing
intensity of land use (IPCC 1996). Thus, the ability to predict
changes in dryland landscapes is one of the top priorities for
global change research (Breshears and Barnes 1999). Further,
perhaps more than anywhere else, the environment of drylands
is a consequence of closely tuned feedbacks among biological,
geomorphological, hydrological, and human systems. Changes
in any of these systems can readily upset the feedback loops,
creating serious disturbances in the environment (Graetz 1991).
Finally, an increasing body of evidence suggests that this sensi-
tivity is such that, when critical thresholds of certain variables
are surpassed, abrupt and irreversible changes in the ecosystem
can occur (e.g., Rietkerk et al. 2004; Schefter ez al. 2001). Perhaps
more importantly, misinformation concerning this sensitivity
abounds, mainly as a result of an incomplete understanding of
the role played by climate in the dryland environment. The issue

of desertification, discussed in detail in this book, is a case in
point.

Despite the relative paucity of vegetation in drylands, com-
pared with humid areas, these regions may be more crucial in
the context of understanding global change. The reason is that,
unlike wetter, radiation-limited environments, vegetation in the
drylands responds abruptly and intensely to changes in water
availability; in turn, vegetation dramatically alters the distribu-
tion of water. Thus, one might argue that the feedbacks that
couple vegetation and climate are much stronger and more
apparent in the drylands.

Consistent with these interactions, this book takes the view
that climate can be understood only in the context of the
whole earth system. This system can be represented by five
geophysical realms termed the lithosophere (i.e., solid earth),
the atmosphere, the biosphere, the hydrosphere (liquid water),
and the cryosphere (solid water) (Fig. 0.1). There are constant
exchanges of energy, momentum, particulates, moisture, and
solutes between these spheres. The atmosphere, and hence cli-
mate, is controlled by fluxes from below (the exchange of these
various materials) and above (solar radiation).

The fluxes at the lower boundary are particularly important
because the atmosphere is relatively transparent to solar radi-
ation. Hence, solar heating of the atmosphere is indirect: the
solar beam is absorbed at the surface and transformed to long-
wave radiation, which is effectively absorbed by the greenhouse
gases in the atmosphere. Moisture and greenhouse gases, such
as carbon dioxide, also originate at the surface and vegetation
plays a critical role in the exchange processes. This is clearly
illustrated by the annual cycle of carbon dioxide (Fig. 0.2),
which shows the phenology of vegetation growth and the con-
trast between the water and land hemispheres. Hence, climate
drives vegetation, but vegetation also drives climate.

This interaction and sensitivity suggests a new definition
of climate: “climate encompasses the mean weather condi-
tions, their variability, causes, and interrelationships with the
global earth system.” This definition is at the heart of the

X
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interdisciplinary framework of this book. It also fits well into
emerging interdisciplinary areas such as hydroclimatology and
ecohydrology (Rodriguez-Iturbe et al. 1994; Rodriguez-Iturbe
2000; Breshears 2005; Newman et al. 2006).

Some pressing issues involve the interplay between climate
and other geophysical spheres: atmospheric dust and its influ-
ence on climate, dwindling water resources, desertification and
land degradation, and biomass burning. In writing this book
the author hopes to provide a repository of information that
can help researchers meet the challenges posed by these issues
and aims to provide simple explanations that can facilitate the
exchange of information among the relevant disciplines. Such
interdisciplinary understanding is at the heart of designing
experiments, creating models, and understanding and interpret-
ing climatic variability and change.

For this reason, Dryland Climatology provides not only basic
climate information on the earth’s drylands, but also puts them
into the context of the geophysical system “earth.” This requires
consideration not only of climate, but of the biogeophysical
characteristics of the environment and how they interact with
climate. The book therefore includes detailed, up-to-date treat-
ments of new research areas not only in climate dynamics, but
also in hydrology, ecology, and geomorphology. Some of the

components.

Fig. 0.2 Atmospheric carbon diox-
ide concentration (ppm) as a func-
tion of latitude and month.

book’s recurrent themes are the complexity of the dynamics gov-
erning dryland climate; the spatial heterogeneity of characteris-
tics and processes; the episodic nature of the water cycle; and the
inextricable interactions of the vegetation, soils and water cycle.

Dryland Climatology was first conceived nearly 30 years ago.
At the time, the author was a traditional climatologist who found
herself assigned to teach a course entitled the Climatology and
Geomorphology of Arid Lands. She had the good fortune not
only to learn about the deserts from her then colleagues Larry
Lewis and Len Berry, but also to meet and learn from pioneer-
ing researchers of an earlier generation, including Jean Dubief,
Heinz Lettau, Heinrich Schiffers, Théodore Monod, Pierre
Rognon, Mohammed Kassas, Nicole Petit-Maire, Raymond
Bonnefille, Francoise Gasse, Dick Grove, Hermann Flohn,
David Sharon, Hubert Lamb, Ken Hare, Horst Mensching, and
many others. She gratefully acknowledges the inspiration she
has gained from these scientists and hopes that, through these
associations, she can provide a nearly century-long look at our
evolving knowledge of the global drylands. The most note-
worthy trends are the proliferation of information on deserts
during the last one or two decades and the change in the tools
we possess to study them. Hopefully, Dryland Climatology will
serve as a guide to these new resources.

© in this web service Cambridge University Press

www.cambridge.org


www.cambridge.org/9781108446549
www.cambridge.org

Cambridge University Press
978-1-108-44654-9 — Dryland Climatology
Sharon E. Nicholson

Frontmatter

More Information

Preface

REFERENCES

Breshears, D. D., 2005: An ecologist’s perspective of ecohydrology.
Bulletin of the Ecological Society of America, 86, 296-300.

Breshears, D. D., and F. J. Barnes, 1999: Interrelationships
between plant functional types and soil moisture heterogen-
eity for semiarid landscapes within the grassland/forest con-
tinuum: a unified conceptual model. Landscape Ecology, 14,
465-478.

Graetz, R. D., 1991: Desertification: a tale of two feedbacks. In
Ecosystem Experiments (H. A. Mooney, E. Medina, D. W.
Schindler, E.-D. Schulze, and B. H. Walker, eds.), Wiley, New
York, pp. 59-87.

IPCC (Intergovernmental Panel on Climate Change), 1996: Climate
Change 1995: The Science of Climate Change (J. T. Houghton,

xi

L. G. Meiro Filho, B. A. Callander, N. Harris, A. Kattenburg, K.
Maskell, eds.), Cambridge University Press, Cambridge, UK.

Newman, B. D., and Coauthors, 2006: Ecohydrology of water-limited
environments: a scientific vision. Water Resources Research, 42,
W06302, doi:10.1029/2005WR004141.

Rietkerk, M., S. C. Dekker, P. C. de Ruiter, and J. van de Koppel, 2004:
Self-organized patchiness and catastrophic shifts in ecosystems.
Science, 305, 1926-1929.

Rodriguez-Iturbe, I., D. Entekhabi, and R. L. Bras, 1994: MIT Colloquium
on  Hydroclimatology and Global Hydrology, Cambridge,
Massachusetts, 7-8 April 1993. Special Issue of Advances in Water
Resources, 17(1).

Rodriguez-Iturbe, 1., 2000: Ecohydrology: a hydrologic perspective of cli-
mate—soil-vegetation dynamics. Water Resources Research, 36, 3-9.

Scheffer, M., S. Carpenter, J. A. Foley, C. Folke, and B. Walker, 2001:
Catastrophic shifts in ecosystems. Nature, 413, 591-596.

© in this web service Cambridge University Press

www.cambridge.org


www.cambridge.org/9781108446549
www.cambridge.org

Cambridge University Press
978-1-108-44654-9 — Dryland Climatology
Sharon E. Nicholson

Frontmatter

More Information

Acknowledgments

The author is extremely grateful to her assistant, Douglas
Klotter, who created the graphics for this book. His painstaking
attention to detail and his facility with Photoshop have greatly
enhanced the numerous photos in the book. She would also like
to thank her brother, Ron Nicholson, for proofreading the entire
manuscript and Simon Berkowicz and Mary Seely for review-
ing several chapters. The author would also like to thank Dean
Graetz, of CSIRO, for labeling of Australian landscape pho-
tos and the following individuals for contributing photographs:
Doug Klotter, Dara Entekhabi, Carol Breed, Tracie Mitchell,
Nicole Petit-Maire, and Simon Berkowicz.

Much of the book was written during various sabbaticals.
The author would like to acknowledge her hosts: Pauline
Dube and the University of Botswana, Steve Running and the
University of Montana, Bob Dickinson and the University of
Arizona, and M. V. K. Sivakumar of ICRISAT Niger. Support
for these sabbaticals was provided by Fulbright and by NSF,
NASA, NOAA, and Florida State University. Much material
for the book was gathered during field trips and conferences.
The author is grateful for the hospitality shown by Mary Seely,
Mark Stafford-Smith, David Sharon, Simon Berkowicz, and
Stefan Kropelin and colleagues.

The author would like to acknowledge her former students
and a number of colleagues. Peter Webster, Keil Soderberg,
Stefan Hastenrath, and Steve Prince have shared their wisdom
on numerous occasions. Former students and collaborators have
been a constant source of inspiration, and their work is featured
prominently in this book. These include Dara Entekhabi, Tammy
Farrar, Tom Schonher, Mike Davenport, Ada Malo, Andrew
Lare, Jeremy Grist, Jose Marengo, Mamoudou Ba, Jeeyoung
Kim, Janet Selato, Dorcas Leposo, and Xungang Yin.

The production of the book was partially supported by
a long list of grants from NOAA, NASA, and the National
Science Foundation. Of particular importance were two special
grants from NSF: FAW Grant ATM 9024340 and a POWRE
Award ATM 0074961. The author is grateful for the long-term
support of Jay Fein of NSF, who provided the NSF grants.

Permission to reproduce figures was generously granted
by Anne Verhoef, Alan Strahler, John Ludwig, James
MacMahon, Avi Shmida, M.J.A. Werger, Nick Lancaster,
Massimo Meneti, Steve Running, Qiaozhen Mu, the Royal
Meteorological Society, the American Meteorological
Society, the Geological Society of America, US Department
of Agriculture, Ecological Society of America, and the Inter-
national Association of Hydrological Sciences. Figures 3.21,
10.54, 11.11 to 11.14, 11.30, 11.37, 11.39, 12.22, 19.14 and
19.22 have been reproduced with the kind permission of
Springer Science and Business Media.

The author would also like to acknowledge the extent to
which she has relied upon the published works of a handful of
scientists in other disciplines. These have tremendously helped
her to gain an understanding of dryland environments well
beyond meteorology. Some of the sources upon which she has
heavily relied include books by Goudie and Wilkinson, Cooke
and Warren, Dunne and Leopold, Anne Verhoef, the excellent
geography textbooks of Arthur and Alan Strahler, and numer-
ous articles by Nick Lancaster, lan Livingstone, Mary Seely,
and David Breshears, to name but a few.

Special thanks are due to editor Susan Francis for her patience
in seeing this book through to completion, past several dead-
lines, and to Laura Clark, Jeremy Toynbee, and Nancy Boston
for their valuable editorial assistance.

xii

© in this web service Cambridge University Press

www.cambridge.org


www.cambridge.org/9781108446549
www.cambridge.org

