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The American Meteorological Society (AMS), founded in 1919, is a scientific and professional society. Interdisciplinary in its scope, the Society actively promotes the development and dissemination of information on the atmospheric and related oceanic and hydrologic sciences. AMS has more than 10,000 professional members from more than 100 countries and over 135 corporate and institutional members representing 40 countries.

The Education Program is the initiative of the American Meteorological Society fostering the teaching of the atmospheric and related oceanic and hydrologic sciences at the precollege level and in community college, college and university programs. It is a unique partnership between scientists and educators at all levels with the ultimate goals of (1) attracting young people to further studies in science, mathematics and technology, and (2) promoting public scientific literacy. This is done via the development and dissemination of scientifically authentic, up‑to‑date, and instructionally sound learning and resource materials for teachers and students.

The Water in the Earth System (WES) Project, a major component of the AMS education initiative, is a National Science Foundation-supported teacher enhancement program conducted in cooperation with the National Weather Service, and State University of New York at Brockport.  WES incorporates inquiry-based instructional strategies and a holistic concept of Earth from oceanic, atmospheric and terrestrial water and problem-focused perspectives It is designed after the highly successful DataStreme distance-learning course, and will encompass the flows of water, energy, and water-borne materials, and their interplay with life in the Earth system.

This material is based upon work supported by the National Science Foundation under Grant No. ESI-9819359.
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Welcome to WES, Water in the Earth System!  You are about to embark on a study of water and its role in the functioning of the Earth System.  WES encompasses an innovative paradigm in which the global water cycle is used as a vehicle to explore Earth system science with special emphasis on (1) the flow of water mass and energy in the Earth system, (2) interactions among the hydrosphere, atmosphere, lithosphere, and biosphere, and (3) human/societal impacts on and response to those interactions.  This approach is inquiry-based and consistent in methodology and goals with the National Science Education Standards.
The purpose of this book is to provide you with background information on the special and unique properties of water, the global water cycle, the distribution of water within the various reservoirs of the hydrosphere, and the role of water in energy transfer and systems interactions.  This information will assist you as you work through companion WES Benchmark Investigations whose components are available in the WES Study Guide and via the WES Homepage.

You will explore twelve principal themes that are arranged by chapter, each corresponding to one week of the WES course.  Themes are organized so that concepts build logically upon one another and water and its role in the Earth system are demonstrated to follow patterns described by physical laws.  Twice-weekly investigations, partially delivered via the Internet and focused on some aspect of water in the Earth system, are tied directly to each chapter.  The first three chapters examine the hydrosphere’s place in the Earth system, the unique physical and chemical properties of water, and fundamentals of the global water cycle.  The next five chapters focus on the various reservoirs of the global water cycle: atmosphere (Chapters 4 and 5), subsurface water (Chapter 6), surface waters including glaciers (chapter 7), and the ocean (Chapter 8).  The final four chapters emphasize systems interactions involving the hydrosphere: atmosphere-ocean interaction (Chapter 9), water in Earth’s climate system (Chapter 10), El Niño and La Niña (Chapter 11), and climate change and its potential impact on the global water cycle (Chapter 12).

Each chapter opens with a Case-in-Point, an authentic, relevant, and real-life problem or issue that highlights or applies one or more of the main concepts covered in the chapter.  In essence, the Case-in-Point previews the chapter and is intended to engage reader interest in the topic early on.  Chapter 11 (El Niño and La Niña), for example, opens with a discussion of the human and ecological impacts of the 1982-83 El Niño.  The Case-in-Point is followed by a sample Driving Question, a broad-based query that links chapter concepts and provides a central focus from the beginning of the chapter.  Chapter content is science-rich and informs additional driving questions.  Each chapter closes with a list of Basic Understandings.  An Essay at the end of each chapter addresses in some depth a specific topic that builds on a concept introduced in the narrative.  Examples include: What Happens When Water Boils?, Barrier Islands and Storm Surges, and Measuring Sea Level from Space.  All bold-faced terms are defined in the Glossary in the back of the book.

Water in the Earth System is pedagogically guided by a teaching approach (Project-Based Science) that seeks to engage learners in exploring their world by investigating meaningful questions.  WES incorporates driving questions, investigations, collaboration, technology, and artifacts.  WES offers one driving question per chapter but each chapter plus benchmark investigations explore and inspire many other driving questions.  Each investigation has printed and electronic components that make use of environmental data available on the Internet.  Investigations engage the participant in observation, prediction, data analysis, and inference (processes of science).  Collaboration involves participants in collegial interactions with their mentors (members of the WES Local Implementation Team).  Use of technology helps develop the participant’s ability to retrieve and analyze real-world data (some in real-time) and share interpretations.  Throughout the course, participants assemble learning materials (artifacts) in a “water bag” for assessment purposes.

Water in the Earth System is a teacher enhancement course funded by the National Science Foundation (NSF Grant No. ESI-9819359) and aligned with the goals of the National Science Education Standards.  The design of course materials models a science content-rich and motivationally enhancing teaching approach adapted for electronic delivery to adult learners.  The goal of WES is to provide professional teachers with a wealth of scientifically authentic knowledge and tools that they can use to devise inquiry-based lessons for their students.

Water in the Earth System learning materials are the products of collaboration among many individuals with extensive educational backgrounds and teaching experience.  The textbook was primarily the work of Joseph M. Moran, University of Wisconsin-Green Bay and the AMS education program.  Most of the writing took place while Professor Moran was on staff of the AMS education program in Washington, DC.

Many thanks to the group of AERA and Maury peer-trainers who attended the AMS annual meeting in January 2000 and provided valuable advice on the initial development of WES learning materials.  Special thanks also to the WES Local Implementation Team (LIT) Leaders who attended a 10-day training program on Water in the Earth System at Annapolis, MD in July 2000 and provided very useful feedback on the preliminary version of this textbook.

Water in the Earth System was pilot-tested during the Spring Semester of 2001 by some 35 WES LITs.  Each LIT member took the course and mentored each other.  Throughout the course LIT members submitted constructive feedback that was the basis for revision of the WES textbook and learning materials.  Many WES LITs included professional scientists from the National Weather Service, the U.S. Geological Survey, the National Aeronautics and Space Administration, and various colleges and universities who enthusiastically volunteered their time and expertise.  We are very grateful to each and every member of WES LITs for his/her dedication and valuable contributions to the design and evolution of WES.  With their help, Water in the Earth System was ready for full national implementation in the Fall of 2001.

Textbook development benefited greatly from critical reviews provided by Ira W. Geer, Bernard A. Blair, and Melissa M. Ficek of the AMS education program, Robert S. Weinbeck of SUNY College at Brockport and the AMS education program, David R. Smith of the U.S. Naval Academy, Edward J. Hopkins of the University of Wisconsin-Madison, James A. Brey of the University of Wisconsin-Fox Valley, Ronald D. Stieglitz and Pattie M. Dimmer of the University of Wisconsin-Green Bay, Roderick A. Scofield of NOAA/NESDIS, Karen I. Mohr of SUNY at Albany, and William R. Buckler of Youngstown State University.  Norman J. Frisch of Brockport, NY did an excellent job of turning line drawings into final art.  Chapters 8 and 9 on the fundamentals of oceanography were modeled after and partially derived from the draft manuscript The Maury Ocean Reader, The Physical Foundations of Oceanography by Jerome Williams of the U.S. Naval Academy.  Bernard Blair of the AMS education program met the numerous technical challenges in turning the original manuscript into this book with his usual skill, attention to detail, dedication, and enthusiasm.

A special note concerns the use of units in Water in the Earth System learning components, including this textbook.  Generally, the International System of Units (abbreviated SI, for Systèm Internationale d’Unitès) is employed with equivalent English or other units following in parentheses.  Exceptions are units used by convention or convenience in meteorology, hydrology, or oceanography (e.g., calories are used instead of joules in quantifying heat energy).  Also, the equivalence between units is given in context; that is, where general estimates are given, approximate values are shown for all units.  Conversion factors are in the Appendix.

Ira W. Geer

AMS Education Program
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