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The Largest Online Encyclopedia (EOLSS) A Virtual Dynamic Library Equivalent to about 235 themes at
www.eolss.net. EOLSS is chosen as the main vehicle for UNITED NATIONS OF EDUCATION FOR
SUSTAINABLE DEVELOPMENT (2005 — 2014)
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Human society and economy in interaction with nature.

This is the world’s largest online publication, at www.eolss.net, dedicated to the health, maintenance, and future of the web of
life on planet Earth, focusing on the complex connections among all the myriad aspects from natural and social sciences
through water, energy, land, food, agriculture, environment, biodiversity, health, education, culture, engineering and
technology, management, development, and environmental security, carrying knowledge for our times.

“EOLSS has the goal to provide a firm knowledge base for future activities to prolong the
lifetime of the human race in a hospitable environment”

Richard R. Ernst, Nobel Laureate in Chemistry
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The Sciences in Support of Sustainable Development: Sustainability Science is the study of sustainable development from a
multiple-scale perspective, in that it is necessary to consider issues at a micro-level as well as at a macro-level. It is the study of
dynamic interactions between nature and human society.

(A life support system is any natural or human engineered (constructed) system that furthers the life of the biosphere in a sustainable fashion. The
fundamental attribute of life support systems is that together they provide all of the sustainable needs required for continuance of life.)
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About the EOLSS

The EOLSS is a knowledge resource in support of sustainability of the Earth’s life support systems. It is directed at all segments
of society: governmental, industrial, academic, and so forth. It is especially directed at the higher education sector, as it is here
that society should produce leaders capable of addressing our most pressing sustainability issues. It is a virtual dynamic library
with contributions from well over 7000 scholars from over 100 countries and edited by hundreds of subject experts, for a wide
audience: pre-university/university students, professional practitioners, informed specialists, researchers, policy analysts,
managers, and decision makers. This archive is now available at http://www.eolss.net and is updated and augmented
fortnightly.

In an era when many mainstream publications have a business-as-usual attitude, the EOLSS is an encyclopedia with a
difference. It attempts to forge pathways between disciplines in order to show their interdependence and helps foster the
transdisciplinary aspects of the relationship between nature and human society. It is a place where traditional disciplines are at
their best and at the same time shake hands with other disciplines for meaningful answers to some of the most complex
questions facing us today. For example, there is a lot of mathematics on its own and at the same time there are its applications to
important sustainability issues. While investigating many subjects in great detail, it also attempts to provide a wide perspective
and a holistic understanding of issues. It inspires thinking in which the natural environment joins humans at the center stage in
an integrated fashion.

The EOLSS is made available free of charge to universities in the UN list of least developed countries and disadvantaged
individuals worldwide. Universities from developing countries also receive an appropriate discount. It is available to others at
nominal subscription rates.

The EOLSS is the result of an unprecedented global effort and a decade of planning. Never before has a publication of this kind
attempted to present integrated knowledge. The EOLSS is unique in that it comprehensively examines from their origins, the
threats facing all the systems that support life on Earth—from the climate, the world’s oceans, forests, water cycle, and
atmosphere to social systems. It is becoming increasingly apparent that our complex industrial systems, both organizational and
technological, need to be drivers of world sustainability and never become driving forces of global environmental destruction or
major threats to the long-term survival of humanity. To build a sustainable society for our children and future generations—the
great challenge of our time—we need to fundamentally redesign many of our technologies and social institutions. This means
that organizations need to undergo fundamental changes, both in order to adapt to the new business environment and to become
ecologically sustainable.

“The EOLSS is not only appropriate, but it is imaginative and, to my knowledge, unique. Much of what we can write about
science, about energy, about our far-ranging knowledge base, can indeed be found in major encyclopedias, but as | understand
your vision, never as a central theme; the theme of humanity, embedded in nature and constrained to find ways of maintaining
a relationship with nature based upon understanding and respect.”

Leon M. Lederman, Nobel Laureate in Physics

“Pursuit of knowledge and truth supersedes present considerations of what nature, life or the world are or should be, for our
own vision can only be a narrow one. Ethical evaluation and rules of justice have changed and will change over time and will
have to adapt. Law is made for man, not man for law. If it does not fit any more, change it.... Some think that it is being arrogant
to try to modify nature; arrogance is to claim that we are perfect as we are! With all the caution that must be exercised and
despite the risks that will be encountered, carefully pondering each step, mankind must and will continue along its path, for we
have no right to switch off the lights of the future.... We have to walk the path from the tree of knowledge to the control of

destiny.”
Jean-Marie Lehn, Nobel Laureate in Chemistry

The contributions in the EOLSS offer step-by-step explanations on how to apply the abstract or the pure sciences such as
mathematics, to assess environmental pollution or to predict food consumption patterns. However, technical solutions alone
won’t resolve the current ecological crisis. EOLSS therefore covers a diverse range of social issues— from human rights and
poverty to psychology and anthropology.

The leading experts who have contributed to this state-of-the-art publication come from diverse fields such as: the natural
sciences (e.g. chemistry and biology), social sciences (e.g. history, economics, law, etc.), humanities, engineering, and
technology. EOLSS also deals with interdisciplinary subjects, like earth and atmospheric sciences, environmental economics
and the most effective approaches for managing natural resources like renewable and non-renewable energy, biodiversity, and
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agriculture. This approach is critical for managing life on Earth.

In view of the above the EOLSS body of knowledge is inspired by a vision that includes the following paradigm: the sciences
should be at the service of humanity as a whole, and should contribute to providing everyone with a deeper understanding of
nature and society, a better quality of life and a sustainable and healthy environment for present and future generations.

“Ecotechnology involving appropriate blends of traditional technologies and the ecological prudence of the past with frontier
technologies such as biotechnology, information technology, space technology, new materials, renewable energy technology
and management technology, can help us to promote global sustainable development involving harmony between humankind
and nature on the one hand and tolerance and love of diversity and pluralism in human societies on the other. We need shifts in
technology and public policy. This is a challenging task to which the Encyclopedia of Life Support Systems should address
itself.”

M.S. Swaminathan, first World Food Prize winner

“The population of our planet and its development over the ages sets the scene for considering all global problems and it is
reasonable to begin their discussion with population growth. ... Thus we are dealing with an interdisciplinary problem in an
attempt to describe the total human experience, right from its very beginning. But without this perspective of time it is not
possible to objectively assess what is happening today and provide an objective view of the present state of development, the

challenge now facing humanity.”
S.P. Kapitza, UNESCO Kalinga Prize Winner

The Encyclopedia is designed to be a guide and reference for a wide range of users: from natural and social scientists to
engineers, economists, educators, university students and professors, conservationists, entrepreneurs, law and policy-makers.
The aim is not merely to provide raw information but to serve as a kind of expert advisor. The various chapters are divided into
different levels of specialization to cater to a diverse readership. General readers might turn to the EOLSS for summaries on
energy, for example, while university students may focus more on the explanations of the theoretical principles of energy, and
policy makers turn to the future perspectives and related recommendations.

The EOLSS project is coordinated by the UNESCO-EOLSS Joint Committee and sponsored by Eolss Publishers, which is
based in Oxford, United Kingdom. Through many and diverse consultation meetings around the world, the EOLSS has
benefited immensely from the academic, intellectual, and scholarly advice of each and every member of the nearly 1000-strong
International Editorial Council, which includes Nobel and UN Kalinga Laureates, World Food Prize Laureates, and several
fellows of academies of science and engineering of countries throughout the world.

From 1996 thousands of scientists, engineers and policy-makers began meeting just to define the scope of the project, before
discussing the details of the contributions. Regional workshops were held in the Bahamas, Washington DC, Tokyo, Moscow,
Mexico City, Beijing, Panama, Abu Sultan (Egypt), and Kuala Lumpur, to develop a list of possible subjects and debate
analytical approaches for treating them.

The EOLSS can be used for a variety of purposes, thanks to its size, completeness, authoritative character, and the excellent
search capabilities provided. Thus it can be used, for example, to prepare definitive reports on a variety of subjects or to
establish a body of knowledge relative to some particular subject from this massive body of knowledge. The presentations in the
EOLSS are devoid of rhetoric, make serious appeal to our logical thinking and provide support to our decision-making
processes. Thanks to the advances in technology, this vast body of well-organized knowledge is now accessible from anywhere
in the world with the touch of a button. The scope of the coverage that has been completed to date is outlined in Outlines of the
Component Encyclopedias that follows in terms of the themes under each of the twenty encyclopedias. Within these twenty
on-line encyclopedias, there are about 235 Themes, each of which has been complied under the editorial supervision of a
recognized world expert. Each of these 'Honorary Theme Editors' was responsible for selection and appointment of authors to
produce the material specified by EOLSS. On average each Theme contains about thirty chapters. It deals in detail with
interdisciplinary subjects, but it is also disciplinary, as each major core subject is covered in great depth by world experts. The
virtual library is augmented and updated fortnightly (augmenting refers to addition of new material and updating is the process
of revising existing material to bring it up to date).

“EOLSS is concerned with the Life Support Systems... Each of these systems is a very complex one. ...we have to think of all
these ““systems™ as closely related ““subsystems” of the Planet Earth System. ...Rational decisions will be more and more
possible to envision if one will be able to couple the physical modeling to economic and financial models and to human
factors...”

J.L. Lions, Japan Prize winner in Applied Mathematics
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“In the coming decades, the need for working together, across countries, is essential. We need to bring 3 billion poor into
society and make it possible for them to lead healthy lives, to get the health interventions that we all take as something as
self-evident. It can be done. It is within reach. We need to invest in the future. We need to invest in the health of all people

worldwide.”
Gro Harlem Brundtland, Director General, WHO, in an interview with Patricia Morales

“We must learn to live at one with nature. Nature does not bear grudges, but it must not be brought to the point where it can no
longer sustain human society and the continuance of humankind on Earth. | believe that one of the most important things is the
shaping of a new value system, because nature can live without us, but we cannot live without nature. Instead of a hedonic
approach, we should promote an approach that reasonably limits consumerism and which promotes the virtue of enoughness. If
we insist on consumerism as the new utopia, nature will reject such a system, as surely as cultural diversity rejected the
totalitarian system. Our generation has to face a difficult challenge, but as recent history has proven, walls of difficulty, like the
Berlin Wall, can fall.””

Mikhail Gorbachev, Nobel Laureate in Peace, in an interview with Patricia Morales

“We live in an increasingly interdependent world. As a result, we must cooperate together across all boundaries of nation,
culture, faith, and race, and at all levels—locally, nationally, regionally, and globally— if we are to achieve our basic
environmental, economic and social goals. Furthermore, if we are to make wise choices and to cooperate together effectively,
we urgently need a shared vision of fundamental ethical values to guide us. In other words, the development of global ethics is
essential. Our very survival as a species is in doubt if we cannot clarify our ethics and develop common values around such
basic issues as environmental protection, justice, human rights, cultural diversity, economic equity, eradication of poverty, and

peace.”
Steven C. Rockefeller, Earth Charter Commissioner, in an interview with Patricia Morales
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The above figure illuminates the interconnectedness of the twenty component encyclopedias of EOLSS. In the real world, the
various knowledge domains do not exist in isolation from each other. They form an integrated whole, with links in all directions.
It is well known that all forms of human knowledge are inter-connected and inter-related. EOLSS recognizes this complexity,
the inter-connectedness of the various subject categories facilitating navigation automatically through the vast landscape of
EOLSS knowledge. This provides the user with an effective and efficient tool to search, navigate and browse through each of
the component encyclopedias, through any combination of the twenty, or through the whole of EOLSS.

This rich resource may be explored at
www.eolss.net.
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ENCYCLOPEDIA OF EARTH AND ATMOSPHERIC SCIENCES

« Environmental Structure and Function: Earth System
Editor: Nikita Glazovsky Institute of Geography, RAS, Russia n
Nina Zaitseva, Department of Earth Sciences, Russia Academy of Sciences, Moscow, Russia

« Environmental Structure and Function: Climate System
Editor: George Vadimovich Gruza Institute of Global Climate and Ecology, RAS, Russia

« Geography
Editor: Maria Sala University of Barcelona, Spain

* Geology
Editors: Benedetto De Vivo Universita di Napoli "Federico 11", Italy
Bernhard Grasemann University of Vienna, Austria
Kurt Stiiwe Universitaet Graz, Austria

« Geophysics and Geochemistry
Editor: Jan Lastovicka Institute of Atmospheric Physics, Academy of Sciences of the Czech Republic

« Oceanography
Editors: Jacques C.J. Nihoul University of Liege, Belgium
Chen-Tung Arthur Chen National Sun Yat-Sen University, Taiwan

« Tropical Meteorology
Editor: Yuging Wang, Department of Meteorology and International Pacific Research Center, School of Ocean and Earth Science and Technology University
of Hawaii at Manoa

« Advanced Geographic Information Systems
Editor: Claudia Maria Bauzer Medeiros Universidade Estadual de Campinas (UNICAMP), Brazil

* Natural Disasters
Editor: Vladimir M. Kotlyakov Institute of Geography, RAS, Russia

« Geoinformatics
Editor: Peter M. Atkinson University of Southampton, UK

ENCYCLOPEDIA OF MATHEMATICAL SCIENCES

« Mathematics: History, Concepts, and Foundations
Editor: Huzihiro Araki Kyoto University, Japan

« History of Mathematics
Editors :Vagn Lundsgaard Hansen, Department of Mathematics, Technical University of Denmark, Denmark
Jeremy Gray, Centre for Mathematical Sciences, Open University, UK

« Mathematical Models of Life Support Systems
Editors: Valeri I. Agoshkov Institute of Numerical Mathematics, RAS, Russia

« Computational Methods and Algorithms
Editors: Vladimir V. Shaidurov Institute of Computational Modeling of the RAS, Russia
Olivier Pironneau Universite de Paris 6, France

« Optimization and Operations Research
Editor: Ulrich Derigs University of Cologne, Germany

« Probability and Statistics
Editor: Reinhard Viertl Technische Universitat Wien, Austria

» Mathematical Models
Editor: Jerzy A. Filar University of South Australia, Australia ,
Jacek B. Krawczyk, Victoria University of Wellington, New Zealand

« Mathematical Physiology
Editor: Andrea de Gaetano, CNR IASI Laboratorio di Biomatematica, Roma , Italy

« Cryptography and Network Security
Editor: Jintai Ding, Department of Mathematical Sciences, University of Cincinnati,Cincinnati, USA
Moti Young, Columbia University, USA

* Biometrics
Editors: Susan R. Wilson The Australian National University, Australia
Conrad Burden The Australian National University, Australia

« Environmetrics
Editors: Abdel H. EI-Shaarawi National Water Research Institute, Burlington, Ontario, Canada
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Jana Jureckova Charles University Sokolovska, Czech Republic

« Systems Science and Cybernetics
Editor: Francisco Parra-Luna Universidad Complutense de Madrid, Spain

« Environmetrics
Editors: Abdel H. EI-Shaarawi and Jana Jureckova
National Water research Institute, Burlington Ontario Canada ,Department of Probability and Mathematical Statistics, Charles University Sokolovska, Czech
Republic

« Mathematical Models in Economics
Editor: Wei-Bin Zhang ,Ritsumeikan Asia Pacific University, Japan

« Biological Systematics
Editors: Alessandro Minelli Department of Biology, University of Padova, ItalyGiancarlo Contrafatto University of Natal, South Africa

« Extremophiles (Life under extreme environmental conditions)
Editors: Charles Gerday University of Liege, Belgium
Nicolas Glansdorff Vrjie Universiteit Brussel, Belgium

« Fundamentals of Life (Biochemistry, Cell Biology, Bioenergetics, Microbiology, Biophysics)
Editors: Ralph Kirby Rhodes University, South Africa

« Physiology and Maintenance
Editors: Osmo Otto Paivié Hanninen and Mustafa Atalay University of Kuopio, Finland

« Fundamentals of Biological Science: An Evolutionary Approach
Editor: Rem V. Petrov Presidium of the RAS, Russia

 Genetics and Molecular Biology
Editor: Kohji Hasunuma Yokohama City University, Japan

« Biophysics
Editor: Mohamed I.EI Gohary, Faculty of Science, Al Azhar University, Cairo, Egypt

« Global Perspectives in Health
Editor: Boutros Pierre Mansourian World Health Organization (WHO), Switzerland

« Immunology and Immunopathology
Editor: Lindsay Dent University of Adelaide, Australia

« Physical (Biological) Anthropology
Editor:P. Rudan, Institute for Anthropological Research, University of Zagreb, Zagreb, Croatia

» Water and Health
Editor: W.O.K. Grabow University of Pretoria, South Africa

« Ethnopharmacology
Editors: Elaine Elisabetsky Universidade Federal do Rio Grande do Sul, Brazil
Nina L. Etkin University of Hawaii, USA

« Pharmacology
Editor: Harry Majewski RMIT University, Victoria, Australia

» Medical Sciences
Commsion Members:
President:
B.P.Mansourian WHO
Vice President
Andrzej Wojtczak Institute for International Medical Education, White Plains, NY 10604 — USA
Bruce Mc.A.Sayers UK
S.M Mahfouz, Cairo University, Egypt
Members:
A.A. Arata, USAID, Alexandria, Virginia, USA
A.P.R. Aluwihare, Kandy, Sri Lanka
G.W. Braurer, Victoria BC, Canada
M.R.G. Manciaux, Vandoeuvre-les-Nancy, France
J. Szczerban, Warsaw, Poland
Y.L.G. Verhasselt, Brussels, Belgium
Alberto Pellegrini, RJ, Brasil
Assen Jablensky, Perth, Australia
R. Kitney, London, UK
Arminee Kazanjian, University of British Columbia, Canada
Tomris Turmen, WHO, Turkey
R. Leidl, Institute for Health Economics and Health Care Management, Germany
K. Sorour, Cairo University, Egypt

« History of Medicine
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President: Athanasios Diamandopoulos, Renal department, St. Andrew's regional Hospital, Patras , Greece.

Vice President: Carlos Viesca, Head of the Department of the History and Philosophy of Medicine, Faculty of Medicine, UNAM, Mexico
Alain LELLOUCH, DIM de I’Hbpital, Saint-Germain-en-Laye, France

Members:

Kotteck, Israel

C. Bergdold, Cologne, Germany

F. Alecbari, Atjerbaizan

B. Fontini, South America

T. Sorokina, Moscow, Russia

J. Pearns, Australia

« Biological Sciences
Editor: Lin, Zhi-Qing, Southern Illinois University Edwardsville, USA,

» Neuroscience
Editor: Jose Masdeu, Neurological sciences, university of Navarra Medical School, Pamplona, Spain

« Psychology
Editor: Stefano Carta University of Cagliari, Italy

« Reproduction and Development Biology
Editor: Andre Pires da Silva, The University of Texas at Arlington, USA

« Management
Editor: Andrew P. Sage George Mason University, USA

« Demography
Editor: Zeng Yi , Center for Demographic Studies, Duke University, Durham, USA; Center for Healthy Aging and Family Studies, Peking University ,China

« Archaeology
Editor: Donald L. Hardesty University of Nevada, Reno, USA

« World System History
Editors: George Modelski , Department of Political Science, University of Washington, Settle, Washington WA, USA
Robert A. Denemark,Department of Political Science, University of Delaware,USA

« Linguistics
Editors: Vesna Muhvic-Dimanovski University of Zagreb
Lelija Socanac Department of Language Research of the Croatian Academy of Sciences

« Historical Developments and Theoretical Approaches in Sociology
Editor: Charles Crothers, Auckland University of Technology, New Zealand

« Cultural Anthropology
Editor: Michael Eugene Harkin, University of Wyoming, Laramie, WY, USA

* The Meaning and Role of History in Human Development
Editor: William Richard Nasson University of Cape Town, South Africa

e Law
Editors: Aaron Schwabach Thomas Jefferson School of Law, USA
Arthur J. Cockfield Queen's University, Canada

« Environmental Laws and Their Enforcement
Editor: A. Dan Tarlock Illinois Institute of Technology, USA

« Culture, Civilization and Human Society
Editors: Herbert Arlt Research Institute for Austrian and International Literature and Cultural Studies (INST), Austria
Donald G. Daviau University of California, Riverside CA, USA

« Religion, Culture, and Sustainable Development
Editors: Roberto Blancarte Pimentel, El Colegio de Mexico, México

« Philosophy and World Problems
Editor: John McMurtry University of Guelph, Canada

« Government and Politics
Editor: Masashi Sekiguchi Kyushu University, Japan

« Journalism and Mass Communication
Editor: Rashmi Luthra University of Michigan, USA

« Literature and the Fine Arts
Editors: Herbert Arlt Research Institute for Austrian and International Literature and Cultural Studies (INST), Austria
Donald G. Daviau University of California, USA

« Peace, Literature, and Art
Editor: Ada Aharoni Technion - Israel Institute of Technology, Israel

« Comparative Literature: Sharing Knowledges for Preserving Cultural Diversity
Commission Members:
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President:

Lisa Block de Behar University of Republica, Montevideo, Uruguay
Vice President:

Paola Mildonian Universita Ca Foscari di Venezia, Venezia, Italy
Jean-Michel Djian, University of Paris, France

Djelal Kadir, University Park, PA, USA

Alfons Knauth, Ruhr University of Bochum, Germany

Dolores Romero Lopez, Madrid, Spain

Marcio Seligmann Silva, Sao Paulo, Brazil

« Unity of Knowledge (in Transdisciplinary Research for Sustainability)
Editor: Gertrude Hirsch Hadorn Federal Institute of Technology, ETH Zurich Zentrum, Switzerland

« Nonviolent Alternatives for Social Change
Editor: Ralph V. Summy, The Australian Centre for Peace & Conflict Studies, The University of Queensland, Australia

« Global Security
Editor: Pinar Bilgin, Fellow, Woodrow Wilson International Center for Scholars, Ronald Reagan Building and International Trade Center, One Woodrow
Wilson Plaza, 1300, Pennsylvania Ave., NW, Washington, DC USA
Paul D. Williams, Department of Politics and International Studies,University of Warwick, , , UK

« History and Philosophy of Science and Technology
Editors : Pablo Lorenzano, Instituto de Estudios sobre la Ciencia y la Tecnologia, Universidad Nacional de Quilmes, Argentina
Hans-J6rg Rheinberger, Berlin, Germany
Eduardo Ortiz, Imperial College, UK
Carlos Delfino Galles, FCEIA-UNR, Departamento de Fisica, Pelligrino 250, Rosario 2000, Argentina

« Development of Physics
Editor: Gyo Takeda, University of Tokyo and Tohoku University, Japan

 Fundamentals of Physics
Editor: José Luis Moran Lépez, Instituto Potosino de Investigacion Cientifica y Tecnologica, Mexico

« Continuum Mechanics
Editor: José Merodio, Department of Continuum Mechanics and Structures, E.T.S. Ing. Caminos, Canales y Puertos, Universidad Politécnica de Madrid,

Madrid, Spain
Giuseppe Saccomandi, Sezione di Ingegneria Industriale, Dipartimento di Ingegneria dell’Innovazione, niversita degli Studi di Lecce, Via per
Monteroni, 73100 Lecce, Italy

« Civil Engineering
Editors : Kiyoshi Horikawa, Musashi Institute of Technology, Japan
Qizhong Guo, Department of Civil and Environmental Engineering, Rutgers, The State University of New Jersey,USA

* Mechanical Engineering
Editor : Konstantin V. Frolov Y. I. Bobrovnitskii and N. N. Krashnoschokov,
Mechanical Engineering Research Institute, Russian Academy of Sciences, Russia

« Electrical Engineering
Editor : Kit Po Wong, Department of Electrical Engineering, The Hong Kong Polytechnic University, Hong Kong

« Physical Methods, Instruments and Measurements
Editor : Yuri Mikhailovitsh Tsipenyuk, P.L. Kapitza Institute for Physical Problems, Russian Academy of Sciences (RAS), Russia

« Materials Science and Engineering
Editor : Rees D. Rawlings, Department of Materials, Imperial College of Science, Technology and Medicine, UK

* Non-Destructive Evaluation
Editor: Guillermo Ramirez, The University of Texas at Arlington, Arlington, TX, USA

* Transportation Engineering and Planning
Editor : Tschangho John Kim, Department of Urban and Regional Planning, University of llinois at Urbana-Champaign, USA

« Telecommunication Systems and Technologies
Editor: Paolo Bellavista, DEIS-LIA, Universita degli Studi di Bologna, Italy

« Astronomy and Astrophysics
Editors: Oddbjagrn Engvold, Institute of Theoretical Astrophysics University of Oslo, Norway
Rolf Stabell, Institute of Theoretical Astrophysics, University of Oslo, Norway
Bozena Czerny, Copernicus Astronomical Center,Bartycka 18, 00-716 Warsaw, Poland
John Lattanzio, Centre for Stellar and Planetary Astrophysics, Monash University, Victoria Australia

« Structural Engineering and Structural Mechanics
Editor: Xila S. Liu, Tsinghua University, Beijing , CHINA

« Structural Engineering and Geomechanics
Editor: Sashi K. Kunnath, University of California, DAVIS ,USA

« Building Services Engineering
Editor: Yuguo Li, Department of Mechanical Engineering , The University of Hong Kong, Hong Kong , China.
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« Ships and Offshore Structures
Editor: Jeom Kee Paik, Director of Ship and Offshore Structural Mechanics Laboratory Department of Naval Architecture and Ocean Engineering, Pusan
National University 30 Jangjeon-Dong, Geumjeong-Gu, Busan 609-735, Korea
International Editorial Advisory Board (IEAB):
Weicheng Cui, China
Paul A. Frieze, UK
Yoshiaki Kodama, Japan
David Molyneux, Canada
Museok Song, Korea
Anil K. Thayamballi, USA
P.A. Wilson, UK
Ge(George) Wang, American Bureau of Shipping Technology, USA

« Pressure Vessels and Piping Systems
Editors: Yong W.Kwon, Dept of Mechanical & Astro Engg, Naval Postgraduate School, Monterey, CA 93943 USA
Poh-Sang Lam, Savannah River National Laboratory, Materials Technology Section, Aiken, South Carolina 29808, USA

« Biomechanics (Related chapters)
Editors: Manuel Doblare, Jose Merodio and José Ma Goicolea Ruigémez

Department of Mechanical Engineering Universidad de Zaragoza, Spain
Department of Continuum Mechanics and Structures, E.T.S. Ing. Caminos, Canales y Puertos, Universidad Politécnica de Madrid, Madrid, Spain
E.T.S. Ingenieros de Caminos, Canales y Puertos, calle prof. Aranguren s/n, Ciudad Universitaria, Madrid, Spain

« Crystallography

Editors: John R. Helliwell, The University of Manchester, Manchester, UK

Santiago Gracia Granda, Faculty of Chemistry, University of Ovieddo, Spain

« Welding Engineering and Technology
Editor: Slobodan Kralj and Branko Bauer, Faculty of Mechanical Engineering and Naval Architecture, Zagreb, Croatia

« Tribology and Surface Engineering
Editor: Roberto Bassani, Dipartimento di Costruzioni Meccaaniche e Nucleari, Universita di Pisa, Pisa, Italy

« Cold Regions Science and Marine Technology
Editor: Hayley Shen, Department of Civil & Environmental Engineering, Clarkson University,Potsdam, USA

» Experimental Mechanics
Editor:José Luiz de Franca Freire, Endereco profissional Pontificia Universidade Catolica do Rio de Janeiro,
Departamento de  Engenharia Mecanica, RUA MARQUES DE SAO VICENTE 225, Rio de Janeiro, RJ — Brasil.

« Fundamentals of Chemistry
Editor : Sergio Carra, Dipartimento di Chimica Fisica Applicata, Politecnico di Milano, Italy

« Chemical Engineering and Chemical Process Technology
Editors: Ryzhard Pohorecki, Chemical and Process Engineering Department, Warsaw University of Technology,
John Bridgwater, Department Chemical Engineering, University of Cambridge,
M. Molzahn, BASF Aktiengesellschaft, Ludwigshafen,
Rafiqul GANI, Department of Chemical Engineering, Technical University of Denmark

« Environmental and Ecological Chemistry
Editor : Aleksandar Sabljic, Rudjer Boskovic Institute, Croatia

« Chemical Ecology
Editor : Jorg D. Hardege, Department of Biological Sciences, University of Hull, UK

« Organic and Bio-molecular Chemistry
Editor: Francesco Nicotra, Department of Biotechnology and Biosciences, University of Milano Bicocca, Italy

« Inorganic and Bio-inorganic Chemistry
Editor: Ivano Bertini, University of Florence, Florence, Italy

« Radiochemistry and Nuclear Chemistry
Editor: Sandor Nagy, Department of Nuclear Chemistry, Eotvos Lorand University, Hungary

« Electrochemistry
Editors: Juan M. Feliu-Martinez, Universidad de Alicante,Departmento de Quimica Fisica , Spain
Victor Climent Paya, Universidad de Alicante,Departmento de Quimica Fisica , Spain

« Catalysis
Editor: Gabriele Centi, Universita di Messina, Salita Sperone, Messina, Italy.

« Rheology
Editor: Crispulo Gallegos, Departamento de Ingenieria Quimica, Campus de "El Carmen", Universidad de Huelva, 21071 Huelva, Spain

« Phytochemistry and Pharmacognosy
Editor: John M. Pezzuto, College of Pharmacy, University of Hawaii at Hilo, Hawaii, USA

Massuo Jorge Kato, Instituto de Quimica USP, Av. Prof. Lineu Prestes, Sdo Paulo, Brasil
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« Hydrological Cycle
Editor : Igor Alekseevich Shiklomanov , State Hydrological Institute (SHI), Russia

« Hydrological Systems Modeling
Editors: Lev S. KUCHMENT, Water Problems Institute, Russian Academy of Sciences, Moscow, Russia
Vijay P. Singh, Department of Civil and Environmental Engineering, Louisiana State University, U. S. A.

» Water Resources Management
Editor : Hubert H.G. Savenije, Department of Environmental Science and Water Resources, International Institute for Infrastructural, Hydraulic and
Environmental Engineering (IHE - Delft), The Netherlands
Arjen Y. Hoekstra, Hydraulic and Environmental Engineering (IHE-DELFT), The Netherlands

« Groundwater
Editors: Luis Silveira, Eduardo J. Usunoff
Department of Fluid Mechanics and Environmental Engineering (IMFIA), Faculty of Engineering, Uruguay Instituto de Hidrologia de Llanuras,
Argentina

» Water-Related Education, Training and Technology Transfer
Editor : Andre van der Beken, Department of Hydrology and Hydraulic Engineering (DHHE), Faculty of Applied Sciences, Vrije Universitiet Brussel (VUB),
Belgium

« Fresh Surface Water
Editor : James C.1. Dooge, Department of Civil Engineering, University College Dublin, Ireland

« Future Challenges of Providing High-Quality Water
Editors : Jo-Ansie van Wyk, Department of Political Sciences, University of South Africa (UNISA), South Africa
Richard Meissner, African Water Issues, Research Unit (AWIRU), University of Pretoria, South Africa
Hannatjie Jacobs, Independent Research Consultant, South Africa

« Types and Properties of Waters
Editor : Martin Gaikovich Khublaryan, Water Problems Institute, Russian Academy of Sciences: IWP RAS, Russia

« Water Interactions with Energy, Environment and Food & Agriculture
Editor : Maria Concepcion Donoso, Water Center for the Humid Tropics of Latin America and the Caribbean (CATHALAC), Panama

« Water and Development
Editor : Catherine M. Marquette, Christian Michelsen Institute, Development Studies and Human Rights, Norway

« Water Hazards Caused by Naturally Occurring Hydrologic Extremes
Editor: Norio Okada, Division of Integrated Management for Disaster Risk, Disaster Prevention Research Institute, Kyoto University, Japan

« Hydraulic Structures, Equipment and Water Data Acquisition Systems
Editor : Jan Malan Jordaan, Water Utilisation Division, Chemical Engineering Department, University of Pretoria, South
Alexander Bell, Bell & Associates, South Africa

« Wastewater Recycle, Reuse, and Reclamation
Editors : Saravanamuthu (Vigi) Vigneswaran, Faculty of Engineering, University of Technology, Sydney, Australia

« Water and Wastewater Treatment Technologies
Editor : S. Vigneswaran, , Faculty of Engineering, University of Technology, Sydney, Broadway, NSW, Australian

« Water Storage, Transport, and Distribution
Editor : Yutaka Takahasi, University of Tokyo, Japan

« Water Quality and Standards
Editors : Shoji Kubota, Society for the Study of Water Design (SWD), Faculty of Pharmaceutical Sciences, Kyushyu University, Japan
Yoshiteru Tsuchiya, Department of Applied Chemistry, Faculty of Engineering, Kogakuin University, Tokyo, Japan

« Environmental and Health Aspects of water treatment and Supply
Editors: Shoji Kubota, Society for the Study of Water Design (SWD), Faculty of Pharmaceutical Sciences, Kyushyu University, Japan
Yasumoto Magara, Environmental, Risk Engineering Lab., Graduate School of Engineering, Hokkaido University, Japa

« Ozone Science and Technology
Editor: Rein Munter,Department of Environmental Chemistry and Technology of the Institute of Chemistry at Tallinn Technical University, Estonia

« Exergy, Energy System Analysis, and Optimization
Editor : Christos A. Frangopoulos, Marine Engineering Sector, Department of Naval Architecture and Marine Engineering, National Technical University of
Athens, Greece

« Efficient Use and Conservation of Energy
Editor : Clark W. Gellings, Technology Initiatives Electric Power Research Institute (EPRI), USA

« Energy and Fuel Sciences
Editor: Semih Eser, Energy & Geo-Environmental Engineering Pennsylvania State, University, Pennsylvania, USA

* Renewable Energy Sources Charged with Energy from the Sun and Originated from Earth-Moon Interaction
Editor : Evald Emilievich Shpilrain, IVTAN Institute for High Tempratures, Russian Academy of Sciences, Russia
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« Coal, Oil Shale, Natural Bitumen, Heavy Qil and Peat
Editor : Gao Jinsheng, Department of Chemical Engineering for Energy Resources, East China University of Science and Technology(ECUST), China

« Energy Policy
Editor : Anthony David Owen, School of Economics, The University of New South Wales, Australia

« Thermal to Mechanical Energy Conversion: Engines and Requirements
Editor : Oleg N. Favorsky, Department of Physical and Technical Problems of Energetics, Russian Academy of Sciences, Russia

 Thermal Power Plants
Editor : Robin A. Chaplin, Department of Chemical Engineering, University of New Brunswick, Canada

« Air Conditioning - Energy Consumption and Environmental Quality
Editor : Matheos Santamouris, Group Building Environmental Studies, Applied Physics Section, Department of Physics, University of Athens, Greece

« Energy Carriers and Conversion Systems
Editor : Tokio Ohta, Yokohama National University and Chairman of Frontier Information and Learning Organazation(FILO), Japan

« Energy Transportation
Editor : Sunggyu Lee, Chemical Engineering Department, University of Missouri - Columbia, USA

* Nuclear Energy Materials and Reactors
Editors : Yassin A. Hassan and Robin A. Chaplin,
Department of Nuclear Engineering, College of Engineering, Texas A&M University, USA
Department of Chemical Engineering, University of New Brunswick, Canada

« Electrical Energy Systems
Editor : Yanoush B. Danilevich, Division for Basic Researches in Electrical Power Engineering, Department of Physical and Technical Problems of
Energetics, Russian Academy of Sciences, Russia

« Energy Storage Systems
Editor: Yalsin Gogus, Chairman of Energy Group and Head Department of Aeronautical Engineering, Middle East Technical University Ankara, Turkey

« Solar Energy Conversion and Photoenergy Systems
Editors: Julian Blanco Gélvez and Sixto Malato Rodriguez , Plataforma Solar de Almeria, Spain

« Petroleum Engineering - Upstream
Editors: Ezio Mesini and Paolo Macini, University of Bologna, Dept. of Chemical, Mining & Environmental Technology Engineering Italy

« Petroleum Engineering - Downstream
Editor: Pedro de Alcantara Pessoa Filho, Department of Chemical Engineering, University of Sao Paulo, Sao Paulo, Brazil

« Pipeline Engineering
Editor: Yufeng F. Cheng, Department of Mechanical and Manufacturing Engineering, University of Calgary, Calgary, Alberat Canada

« Energy Science and Catalysis
Editor: Gustavo Fuentes, Universidad Autonoma Metropolitana, Department of Process Engineering and Hydraulics, Mexico

 Heat and Mass Transfer
Editor: Tao Wenquan, Xi’an Jiaotong University, China

« Petroleum: Chemistry, Refining, Fuels and Petrochemicals
Editor: James G. Speight, Western Research Institute, Laramie, WY, USA

« Biodiversity: Structure and Function
Editors: Wilhelm Barthlott, Botanisches Institut und Botanischer Garten, Rheinische Friedrich-Wilhelms-Universitat Bonn, Abt. Systematik und
Biodiversitaet, Germany
K. Eduard Linsenmair, Universitat Wirzburg, Theodor-Boveri-Institute for Biosciences, Germany
Stefan Porembski, Universitat Rostock, Institute for Biodiversity Research, Germany

« Ecology
Editors : Antonio Bodini, Department of Environmental Sciences, University of Parma, Italy
Stefan Klotz, Centre for Environmental Research Leipzig-Halle Ltd., Department of Community Ecology, Germany

« Ethnobiology
Editor: John Richard Stepp, Department of Anthropology, University of Florida, USA

« Economic Botany
Editor: Brad Bennett, Department of Biological Sciences, Florida International University, Miami, Florida, USA

« Marine Ecology
Editors : Carlos M. Duarte, Instituto Mediterraneo de Estudios Avanzados, CSIC-Univ. llles Balears, Spain
Antonio Lot, Universidad Nacional Autonoma de Mexico (UNAM), México

« Environmental Toxicology and Human Health
Editor : Tetsuo Satoh, Biomedical Research Institute and Chiba University, Japan

« Environmental Systems
Editor : Achim Sydow, GMD FIRST, Forschungsinstitut fur Rechnerarchitektur und Softwaretechnik, Germany

« Coastal Zones and Estuaries
Editor : Federico Ignacio Isla, Centro de Geologia de Costas y del Cuaternario, Universidad Nacional de Mar del Plata, Argentina
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Oscar Iribarne, Universidad Nacional de Mar del Plata, Argentina

« Anthropogenic Causes of Global Environmental Change
Editor : Wei-Chyung Wang, Atmospheric Sciences Research Center, State University of New York, Albany, USA

« Interactions: Energy/Environment
Editor : Jose' Goldemberg, Institute of Electronics and Energy, The University of Sao Paulo, Brazil

« Point Sources of Pollution: Local Effects and It's Control
Editor : Qian Yi, Tsinghua University, China

« Environmental Monitoring
Editors : Hilary I. Inyang and John L. Daniels,
Global Institute for Energy and Environmental Studies (GIEES), The University of North Carolina at Charlotte, USA
Geoenvironmental and Energy Systems Research Laboratory(GESRL), University of North Carolina at Charlotte, USA

« Air, Water, Sediment and Soil Pollution Modelling
Editor: Bhaskar Nath, European Center for Pollution Research, UK

« Engineering Geology,Environmental Geology & Mineral Economics
Editors: Syed E. Hasan & M.N. Qureshy, Center for Applied Environmental Research, Department of Geosciences, University of Missouri, USA

» Hazardous Waste Management
Editors: Domenico Grasso, Timothy M. Vogel and Barth Smets, Picker Engineering Program, Smith College, USA

« Waste Management and Minimization
Editors: Stephen R. Smith, Chris Cheeseman, and Nick Blakey, Imperial College, UK.

« Environmental Regulations and Standard Setting
Editor : Bhaskar Nath, European Centre for Pollution Research, UK

« Pollution Control Technologies
Editor: Georgi Stefanov Cholakov, University of Chemical Technology and Metallurgy, Bulgaria
Bhaskar Nath, European Centre for Pollution Research, UK

* Marine Mammals and Seabirds
Editor: Monica Muelbert, University of Rio Grande (FURG), Brazil
Andrew Horn, Dalhousie University, Canada

« Phytoremediation and Ecosystem Restoration
Editor: Lee Newman, University of South Carolina, Norman J.Arnold School Public Health , Columbia, USA

« Phytotechnologies solutions for sustainable land management
Editor: Tomas Vanek, Institute of Experimental Botany Academy of Sciences of the Czech Republic and Research, Institute of Crop Sciences, Prague Czech
Republic.

« World Environmental History
Editor : Mauro Agnoletti, Dipartmento di Scienze e Technologie, Universita degli Studi di Firenze, Firenze, 50145, Italy
Elizabeth Johann, Forest History Research Group, International Union of Forest Research Organizations, Vienna, 1130, Austria
Simone Neri Serneri, University of Siena, Siena, 10-53100, Italy

« Agricultural Sciences
Editor : Rattan Lal, School of Natural Resources, College of Food, Agricultural and Environmental Sciences, The Ohio State University, USA

* The Role of Food, Agriculture, Forestry and Fisheries in Human Nutrition
Editor : Victor R. Squires, Dry Land Management Consultant, Australia

« Food Quality and Standards
Editor : Radomir Lasztity, Department of Biochemistry and Food Technology, Budapest University of Technology and Economics,Hungary

« Forests and Forest Plants
Editors : John N. Owens, Centre for Forest Biology, University of Victoria, Canada
H. Gyde Lund, Forest Information Services, USA

« Natural Resources and Food and Agriculture
Editor: Richard Kenith Baydack, University of Manitoba, Canada

« The Management of Natural Resources in Satisfying the Need for Human Life
Editor: Ryuichi Ishii, College of Bioresource Sciences, Nihon University, Japan

« Cultivated Plants, Primarily as Food Sources
Editor : Gyorgy Fuleky, University of Agricultural Sciences, Hungary

« Fisheries and Aquaculture
Editor : Patrick Safran, Centre de Coopération Internationale en Recherche Agronomique pour le Développement (CIRAD), Paris, France, France

« Systems Analysis and Modeling in Food and Agriculture
Editors: K. C. Ting, Department of Food, Agricultural and Biological Engineering, The Ohio State University,USA
David H. Fleisher, United States Department of Agriculture, Alternate Crops and Systems Laboratory, USA
Luis F. Rodriguez, National Research Council, National Aeronautics/Space Administration, Lyndon B. Johnson Space Center, USA
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« Interdisciplinary and Sustainability Issues in Food and Agriculture
Editor: Olaf Christen, Institute of Agronomy and Crop Science, Martin-Luther-University , Germany

« Impacts of Agriculture on Human Health and Nutrition
Editors: Ismail Cakmak, Faculty of Engineering and Natural Sciences, Sabanci University, Turkey
Ross M. Welch, USDA, ARS, U.S. Plant, Soil and Nutrition Laboratory, Cornell University, USA

« Public Policy in Food and Agriculture
Editor : Azzeddine Azzam, Department of Agricultural Economics, University of Nebraska, Lincoln, USA

« Agricultural Land Improvement: Amelioration and Reclamation
Editor : Boris Stepanovich Maslov, Russian Academy of Agriculture Sciences, Russia

« Agricultural Mechanization & Automation
Editors : Paul McNulty, Agricultural and Food Engineering Department, University College Dublin, Ireland
Patrick M. Grace, Agricultural and Food Engineering Department, University College Dublin, Ireland

« Food Packaging Technology
Editor: Kit Keith L. Yam, Department of Food Science, Rutgers, The State University of New Jersey, USA

« Food Engineering
Editors : Gustavo V. Barbosa-Canovas, Department of Biological Systems Engineering, Washington State University, USA

« Management of Agricultural, Forestry and Fisheries Enterprises
Editor : Robert J. Hudson, Faculty of Agriculture, Forestry and Home Economics, AgFor 2-14, University of Alberta, Canada

« Interactions: Food and Agriculture/ Environment
Editor: G.Lysenko, Division of Economics and Landscape Relationships, RAS, Moscow, Russia

« Animal and Plant Productivity
Editor : Robert J. Hudson, Faculty of Agriculture, Forestry and Home Economics, AgFor 2-14, University of Alberta, Canada

« Postharvest Science and Technology
Editor: Linus U. Opara , Agricultural Experiment Station, Sultan Qaboos University , Muscat, Sultanate of Oman

« Range and Animal Sciences and Resources Management
Editor : Victor R. Squires, Dry Land Management Consultant, Australia

« Sustainable Human Development
Editor : Ismail Sirageldin, The Johns Hopkins University, USA

« Social and Cultural Development of Human Resources
Editor : Tomoko Hamada, Department of Anthropology, College of William and Mary, USA

« Quality of Human Resources: Education
Editors : Natalia Pavlovna Tarasova, D. Mendeleyev University of Chemical Technology of Russia, Russia

* Human Resources Management
Editor : Michael J. Marquardt, Human Resource Development Faculty, The George Washington University, USA

« Human Resource System Challenges
Editor : Eleonora Barbieri-Masini, Faculty of Social Sciences, Gregorian University, Italy

« Quality of Human Resources: Poverty
Editors : Paul Nchoji Nkwi, Pan African Association of Anthropologists(PAAA), Cameroun
Abubakar Momoh, C/O Centre for Democracy and Development , Lagos
Owen Sichone, University of Cape Town, South Africa

« Population and Development: Challenges and Opportunities
Editor : Anatoly G. Vishnevsky, Institute for Economic Forecasting, Russian Academy of Sciences, Russia

« Education for Sustainability
Editors: Robert V. Farrell Florida International University (FIU), USA
George Papagiannis Florida State University, USA

« Environmental Education and Awareness
Editor: Bhaskar Nath, European Centre for Pollution Research, UK

« Oceans and Aquatic Ecosystems
Editor : Eric Wolanski, FTSE, Australian Institute of Marine Science, Australia

« Biodiversity Conservation and Habitat Management
Editors : Francesca Gherardi, Dipartimento di Biologia Animale e Genetica " Leo Pardi”, Universita di Firenze, Italy
Claudia Corti, Department of Animal Biology and Genetics "Leo Pardi", University of Florence, Italy
Manuela Gualtieri, Dipartimento di Scienze Zootecniche, Universita di Firenze, Italy

« Climate Change, Human Systems and Policy
Editor : Antoaneta Yotova, Department of Atmosphere and Hydrosphere Composition, National Institute of Meteorology and Hydrology, Bulgaria
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« Earth System: History and Natural Variability
Editor : Vaclav Cilek, Geological Institute, Czech Academy of Sciences, Czech Republic,

« Land Use, Land Cover and Soil Sciences
Editor : Willy H. Verheye, National Science Foundation Flanders- Belgium and Geography Department, University of Gent, Belgium

¢ Natural and Human Induced Hazards
Editor:Chen Yong, China Seismological Bureau, China

« International Commission on Wildlife Conservation and Management in Africa
President : Emmanuel K. Boon, Human Ecology Department, Free University of Brussels , Laarbeeklaan 103, Brussels, Belgium
Vice Presidents:
Stephen Holness, South African National Parks, South Africa
Kai Schmidt-Soltau, Cameroon
Julius Kipng'etich, Director of the Kenya Wildlife Service, Kenya
Yaa Ntiamoa-Baidu, Switzerland

« Introduction to Sustainable Development
Editors : David V. J. Bell, Faculty of Environmental Studies, York University, Canada
Yuk-kuen Annie Cheung, York Centre for Applied Sustainability (YCAS); Research Associate, The University of Toronto,York University - Joint
Centre for Asia Pacific Studies, Canada

« Economics of Peace and Security
Editors : James K. Galbraith, Lyndon B. Johnson School of Public Affairs, The University of Texas at Austin, Senior Scholar at Jerome Levy Economics
Institute and Chair of Economics Allied for Arms Reduction, USA
Jurgen Brauer, Augusta State University, USA
Lucy L. Webster, Economists Allied for Arms Reduction (ECAAR), USA

« Economics Interactions with Other Disciplines
Editor : John M. Gowdy, Department of Economics, School of Humanities and Social Sciences, Rensselaer Polytechnic Institute, USA

« Principles of Sustainable Development
Editor : Giancarlo Barbiroli, Faculty of Economics, Business and Management Department, University of Bologna, Italy

« Welfare Economics & Sustainable Development
Editors : Yew-Kwang Ng, Department of Economics, Monash University, Australia
lan Wills, Department of Economics, Monash University, Australia

« Dimensions of Sustainable Development
Editors : Kamaljit S. Bawa, Department of Biology, University of Massachusetts, Boston, USA
Reinmar Seidler, Environmental Biology Department, University of Massachusetts, Boston, USA

« International Economics, Finance and Trade
Editor : Pasquale Michael Sgro, Department of Economics, Deakin University, Australia

« Environment and Development
Editors : Teng Teng and Ding Yifan, Chinese Academy of Social Sciences, China

« Global Transformations and World Futures
Editor : Sohail Tahir Inayatullah, Faculty of Arts and Social Sciences, University of the Sunshine Coast, Maroochydore; Center for Future Studies, Tamkang
University, Taiwan; and, The Communication Center, Queensland University of Technology, Australia

« Socioeconomic Development
Editor : Salustiano del Campo, Universidad Complutense, Spain

« Some Aspects of International Development Law
Editor : A. F. Munir Maniruzzaman, Kent Law School, University of Kent at Canterbury, UK

* Human Settlement Development
Editor: Saskia Sassen, Department of Sociology, The University of Chicago, USA

« Institutional Issues Involving Ethics and Justice
Editor : Robert Charles Elliot, Faculty of Arts and Social Sciences, Sunshine Coast University, Australia

« International Relations
Editors : Jarrod Wiener, Brussels School of International Studies, University of Kent at Canterbury, UK
Robert A. Schrire, Department of Political Studies, University of Cape Town, South Africa

« International Law and Institutions
Editors : Aaron Schwabach, Center for Global Legal Studies, Thomas Jefferson School of Law, USA
Arthur John Cockfield, Queen's University, Faculty of Law, Canada

« Democratic Global Governance
Editor : Irene Lyons Murphy, Consultant, USA

« Conflict Resolution
Editor : Keith William Hipel, Department of Systems Design Engineering , University of Waterloo, Canada
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« Conventions, Treaties and other Responses to Global Issues
Editor : Gabriela Maria Kutting, Department in Politics and International Relations, University of Aberdeen, UK

« National, Regional Institutions & Infrastructures
Editor : Neil Edward Harrison, Department of Political Science, School of Environment and Natural Resources, International Studies Program, University of
Wyoming, USA

« Public Administration and Public Policy
Editor: Krishna K. Tummala, Department of Political Science, Kansas State University, USA

« International Security, Peace, Development, and Environment
Editor: Ursula Oswald Spring, National Autonomous University of Mexico-UNAM/CRIM,

« Systems Engineering and Management for Sustainable Development
Editor : Andrew P. Sage, School of Information Technology and Engineering, George Mason University, USA

« Sustainable Built Environment
Editors : Fariborz Haghighat and Jong-Jin Kim,
Department of Building, Civil and Environmental Engineering, Concordia University, Canada College of Architecture and Urban Planning, The
University of Michigan, USA

« Science and Technology Policy
Editor : Rigas Arvanitis, IRD - France & Centre franco-chinois de sociologie de I'industrie et des technologies / Zhongshan (Sun Yasten ) University,
Guangzhou,

« Knowledge Management, Organizational Intelligence and Learning, and Complexity
Editor : L. Douglas Kiel, School of Social Sciences, The University of Texas at Dallas, USA

« Globalization of Technology
Editor : Prasada Reddy, Research Policy Institute, Lund University, Sweden

« Integrated Global Models of Sustainable Development
Editor : Akira Onishi, Centre for Global Modeling, Japan

« Systems Analysis and Modeling of Integrated World Systems
Editors : Veniamin N. Livchits, Department of Economics, Institute for Systems Analysis, Russian Academy of Sciences, Russia
Vladislav V. Tokarev, Department of Mathematics, Moscow State University - Higher School of Economy, Russia

« Industrial Ecology and Green Design
Editors: Valentin A. Zaitsev, Russian Academy of Sciences, Department of Oceanology, Atmosphere and Geography, Russia
Cote, Raymond P., School for Resource and Environmental Studies, Faculty of Management, Dalhousie University, CANADA

« Computer Science and Engineering
Editors : Zainalabedin Navabi, Institute of Electrical Engineering, Faculty of Engineering, University of Tehran, Iran
David R. Kaeli, Department of Electrical and Computer Engineering, Northeastern University, USA

 System Dynamics
Editor : Yaman Barlas, Department of Industrial Engineering, Bogazici University, Turkey

« Information Technology and Communications Resources for Sustainable Development
Editor: Ashok Jhunjhunwala, Department of Electrical Engineering, Indian Institute of Technology, Madras, India

« Artificial Intelligence
Editor : Joost Nico Kok, Leiden Institute of Advanced Computer Science, Leiden University, The Netherlands.

« Hierarchy and Complexity and Agent Based Modeling
Editor : David Geoffrey Green, Faculty of Science and Agriculture, School of Environmental and Information Sciences, Charles Sturt University, Australia

« Regional Sustainable Development Review: Africa
Editor : Emmanuel Kwesi Boon, Human Ecology Department, Faculty of Medicine and Pharmacy, Free University Brussels, Belgium

« Regional Sustainable Development Review: Brazil
Editor: Luis Enrique Sanchez ,University of Sao Paulo, Escola Politecnica - PMI, Brazi

« Regional Sustainable Development Review: Canada and USA
Editors : Lawrence C. Nkemdirim, Department of Geography, University of Calgary, Canada

« Regional Sustainable Development Review: China
Editor : Sun Honglie, Institute of Geographic Sciences and Natural Resources Research, The Chinese Academy of Sciences (CAS), China

« Regional Sustainable Development Review: Europe
Editors: Alexander Mather and John Bryden, Department of Geography, University of Aberdeen, UK

« Regional Sustainable Development Review: Japan
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Editor : Yukio Himiyama, Institute of Geography, Hokkaido University of Education, Japan

« Regional Sustainable Development Review: Russia
Editor : Nicolay Pavlovich Laverov, Russian Academy of Sciences, Russia

ENCYCLOPEDIA OF BIOTECHNOLOGY

« Biotechnology
Editors : Horst W. Doelle, MIRCEN-Biotechnology, Australia
Edgar J. DaSilva, Section of Life Sciences, Division of Basic and Engineering Sciences, UNESCO, France

(The bulleted items in the following represent Topic titles. The total number of chapters is about 130. The size of an entry (Chapter) may vary from about 5000
words to about 30000 words.)

» Fundamental in Biotechnology

» Methods in Biotechnology

» Methods in Gene Engineering

« Bioprocess Engineering — Bioprocess Analysis through Calorimetry and Biothermodynamics
« Industrial Biotechnology

« Special Biotechnology Processes and Products

« Agriculture Biotechnology

» Marine Biotechnology

« Environmental Biotechnology-Socio-Economic Strategies for Sustainability

» Medical Biotechnology — Fundamental

» Medical Biotechnology-Modern Development

ENCYCLOPEDA OF CONTROL SYSTEMS, ROBOTICS, AND AUTOMATION

« Control Systems, Robotics, and Automation
Editor : Heinz Unbehauen, Ruhr- Universitat Bochum, Lehstuhl fuer Elektrische Steuerung und regelung, Germany

(The bulleted items in the following represent Topic titles. The total number of chapters is 240. The size of an entry (Chapter)
may vary from about 5000 words to about 30000 words.)

* Elements of Control Systems

« Stability Concepts

* Classical Design Methods for Continuous LTI-Systems
« Digital Control Systems

* Design of State Space Controllers (Pole Placement) for SISO Systems
« Basic Nonlinear Control Systems

* Modeling and Simulation of Dynamic Systems

* Frequency Domain System Identification

« Identification of Linear Systems in Time Domain

« Identification of Nonlinear Systems

* Bound-based Identification

« Practical Issues of System Identification

« Control of Linear Multivariable Systems

* Robust Control

« Adaptive Control

» Model-based Predictive Control

« Controls of Large-Scale Systems

« Control of Stochastic Systems

« Distributed Parameter Systems: An Overview

« Control of 2-D Systems
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« Control of Nonlinear Systems

« Control of Chaos and Bifurcations

* Fuzzy Control Systems

* Neural Control Systems

« Expert Control Systems

« Genetic Algorithms in Control Systems Engineering

« Discrete Event Systems

* Hybrid Control Systems

« Architectures and Methods for Computer-based Automation
« Supervisory Distributed Computer Control Systems

« Fault Diagnosis and Fault-tolerant Control

« Automation and Control of Thermal Processes

» Automation and Control of Electrical Power Generation and Transmission Systems
« Automation and Control in Process Industries

 Automation and Control in Production Processes

« Automation and Control in Traffic Systems

* Elements of Automation and Control

* Robotics

ENCYCLOPEDIA OF LAND USE, LAND COVER AND SOIL SCIENCES

Land Use, Land Cover and Soil Sciences
Editor: Willy H. Verheye, National Science Foundation Flanders- Belgium and Geography Department, University of Gent, Belgium

(The bulleted items in the following represent Topic titles. The total number of chapters is about 75 The size of an entry
(Chapter) may vary from about 5000 words to about 30000 words.)

e Land Use, Land Cover and Soil Sciences

« Land Cover, Land Use and the Global Change

* Land Evaluation

« Land Use Planning

* Land Use Management

* Deforestation in the Amazon: Past, Present and Future

* Dry Lands and Desertification

« Soils and Soil Sciences

ENCYCLOPEDIA OF TROPICAL BIOLOGY AND NATURAL RESOURCES

« International Commission on Tropical Biology and Natural Resources
President:
Kleber Del Claro, Universidade Federal de Uberlandia, Uberlandia, MG, Brasil
Vice Presidents:
Paulo S. Oliveira, Universidade Estadual de Campinas, Brazil
Victor Rico-Gray, Instituto de Ecologia, A.C., México
Commissioners:
Alonso Ramirez, Institute for Tropical Ecosystem Studies,University of Puerto Rico, San Juan, USA
Ana Angélica Almeida Barbosa, Instituto de Biologia, Universidade Federal de Uberlandia, Brazil
Arturo Bonet, Departamento de Entomologia, Instituto de Ecologia, A.C., Apartado , Veracruz, México.
Féabio Rubio Scarano, Universidade Federal do Rio de Janeiro, Instituto de Biologia, Departamento de Ecologia, Brasil
Fernando Louis Consoli, Universidade de S&o Paulo, Escola Superior de Agricultura Luiz de Queiroz, Departamento de Entomologia, Brazil
Francisco José Morales Garzdn, International Center for Tropical Agriculture (CIAT), Km 17, Recta Cali-Palmira, Cali, Colombia
Jimi Naoki Nakajima, Universidade Federal de Uberlandia, Instituto de Biologia,Uberlandia, MG, Brazil
Julio Alberto Costello, Facultad de Humanidades, Universidad Nacional de Catamarca, Argentina
Marcus Vinicius Sampaio, Instituto de Ciencias Agrarias, Universidade Federal de Uberlandia, Brazil
Mauricio Quesada, Investigador Titular, Centro de Investigaciones en Ecosistemas, Universidad Nacional Autonoma de Mexico, Mexico
Molly R. Morris, Department of Biological Sciences, Ohio University, USA
Monica Palécios Rios, Instituto de Ecologia, A.C., Departamento Sistematica VVegetal, México,
Nelson Ramirez, Centro de Botanica Tropical, Instituto de Biologia Experimental, Universidad Central de Venezuela, Venezuela
Oswaldo Marcal Janior, Instituto de Biologia, Universidade Federal de Uberlandia, Brazil
Regina Helena Ferraz Macedo, Deprtmento de Zoologia, Universidade de Brasilia, Brazil
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Robert J. Marquis, University of Missoury, Department of Biology,St. Louis, Missouri, USA

Rogério Parentoni Martins, Universidade Federal de Minas Gerais, Brazil

Silvio Carlos Rodrigues, Instituto de Geografia, Universidade Federal de Uberlandia, Brazil

Ulrich Littge, University of: Techniche Univeritat Darmstadt, Institut fir Botanik, Schnittspahnstr,Denmark

(The bulleted items in the following represent Section titles. The size of a Section may vary from about 5 Topic level Chapters
to about 15 Topic level Chapters. The size of an entry (Chapter) may vary from about 10000 words to about 30000 words.)
The total number of Chapters will ultimately be about 140.

* Tropical Ecology (TE)

* Tropical Botany (TB)

* Tropical Zoology (TZ)

« Savannah Ecosystems (SE)

« Desert Ecosystems (DE)

« Tropical Aquatic Ecosystems (TAE)

« Tropical Agriculture (TA)

« Natural History of Tropical Plants (NH)

« Human Impact on Tropical Ecosystems (HI)
« Tropical Phytopathology and Entomology (TPE)
« Case Studies (CS)
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The EOLSS International Editorial Council is a union of: Board of General Advisors (BGA), Honorary Editorial Advisory Board (HEAB), and Honorary
Academic Editorial Board (HAEB) as a large editorial advisory body with several hundreds of expert members chosen to advise on the development of the
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UNESCO-EOLSS Joint Committee

A UNESCO-EOLSS Joint Committee was established with the objectives of (a) seeking, selecting, inviting and appointing Honorary Theme Editors (HTES)
for each Theme, (b) providing assistance to the HTEs, (c) obtaining appropriate contributions for the different levels of the Encyclopedia, and (d) monitoring

the text development. The membership of the Committee is as follows:
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The Four Dimensions of Sustainable Development: natural, social, institutional, and built. These also represent different
capitals. The economic dimension represents the built capital. The problem of sustainable development is multi-dimensional as
it involves a range of issues concerning society and nature, multi-disciplinary as it encompasses a wide spectrum of disciplines
from natural to social sciences, multi-temporal as it spans a time horizon covering short to long periods of planning, and
multi-geographic as it spans across all regions of the world.
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