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Photo of the Strait of Gibraltar taken from the U.S. Space Shuttle
(STS-41G) on October 11, 1984, at 12:21:48 GMT.  Two packets
of solitons are seen to the east; older packets are visible along
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courtesy of Earth Sciences and Image Analysis Laboratory,
NASA Johnson Space Center (http://eol.jsc.nasa.gov)



GOA

An Atlas of
Internal Solitary-like Waves

and their Properties

Christopher R. Jackson
John R. Apel

May 2002

Prepared under contract with
the Office of Naval Research

Code 322PO
Contract N00014-98-C-0238

Global Ocean Associates
14605 Carrolton Rd.
Rockville, MD 20853



Contact Information

Please direct any inquiries concerning this Atlas to:

Christopher R. Jackson
Global Ocean Associates
6220 Jean Louise Way
Alexandria, VA  22310

(703) 822-9760 (V)
(703) 822-9754 (F)

cjcksn@attglobal.net



This Atlas is dedicated to Dr. John R.
Apel who conceived of creating it.  John
was a dedicated scientist, a respected
colleague and a good friend to many in
the oceanographic community.



Acknowledgements

The authors express their gratitude to Dr. Lou Goodman, Dr. Jeff Simmen and Dr. Steve Murray
of the Office of Naval Research who supported the development of this Atlas.  The author (CRJ)
would also like to thank the Apel Family (Marty Apel, Denise Jay, and Jacqueline Apel) for their
support under difficult circumstances in helping to complete this effort.  In addition, the authors
would like to thank the various members of the oceanographic community who came forward
with material for the Atlas.  Their contributions are recognized in the various case studies.



Additional Thanks

I (CRJ) could not have competed this effort without the support of various member of the
oceanographic community. Additional thanks for support must be made to: Dr. Victor Klemas, Dr.
Quanan Zheng and Zhongxiang Zhao at the University of Delaware who provided me access to
their data base and proof read several of the early case studies; Dr. Justin Small (SOEST) for his
Portugal imagery and text; Dr. Hyoung Rok Kim (Seoul National University) for his East Korean
Shelf imagery and text; Dr. Tim P. Stanton (Naval Post Graduate School) and Dr. Lev Ostrovski
(NOAA ETL) for their COPE imagery and text; Dr. Donald Thompson (JHU/APL) for alerting
me to the APL websites with SAR imagery; Dr. Anthony Lui (NASA GSFC), Dr. Pablo
Clemente-Colon (NOAA NESDIS), and Dr. James Lynch (WHOI) for their discussions; Dr. Tim
Stanton (WHOI) for providing access to his people at Woods Hole; Dr. Andone Lavery (WHOI),
Dr. Mark Benfield (LSU), and Dr. Peter Weibe (WHOI), for their Stillwagon Bank data; Dr. Peter
Brandt (University of Kiel) for his material on the North Equatorial Counter Current; Dr. Werner
Alpers (University of Hamburg) for his fine website; Dr. Ben Holt (JPL) for his Seasat
information; Dr. Steve Boyd (Oregon State); Dr. Neil Stapleton, (QinetiQ) and Dr. John Scott
(QinetiQ)



Table of Contents

Background and Theory

1. Introduction .............................................................................................................. 1

2. The Nature of Solitary Waves .................................................................................... 2

3. Observations ............................................................................................................. 2

3.1. Global Occurrences ............................................................................................ 5

4. A Descriptive Canonical Picture ................................................................................ 5

4.1. Characteristics of Oceanic Solitary Internal Waves.............................................. 6

4.2. Generation Phase at the Continental Shelf Break and at Sills ............................. 10

4.3. Propagation Phase ............................................................................................ 17

4.4. Dissipation Phase.............................................................................................. 17

5. Theoretical Models.................................................................................................. 18

5.1. The Korteweg-de Vries Equation...................................................................... 18

5.1.1. The Structure Function .......................................................................... 19

5.1.2. Environmental Coefficients..................................................................... 21

5.2. The KDV Solution ........................................................................................... 24

5.2.1. Hyperbolic Secant Profile ....................................................................... 24

5.2.2. The Cnoidal Profile ................................................................................ 25

5.2.3. The Dnoidal Profile ................................................................................ 27

5.2.4. The Dnoidal Model ................................................................................ 31

5.3. Combined/Modified KDV Equations ................................................................ 32

6. Summary................................................................................................................. 34

7. References............................................................................................................... 36

Case Studies via Ocean Basin

A. North Atlantic, including Adjacent Seas

The Azores .................................................................................................. 41

Celtic Sea ................................................................................................... 45

Eastern Mediterranean - Crete...................................................................... 51

Florida - Atlantic Coast ................................................................................ 53

Georges Bank - Gulf of Maine ..................................................................... 57



Gulf of Mexico - Yucatan Strait ................................................................... 63

Labrador Sea ............................................................................................... 67

Mid-Atlantic (New York) Bight ................................................................... 69

Morocco - Atlantic Coast............................................................................. 79

New England Shelf ...................................................................................... 81

Portugal - Atlantic Coast.............................................................................. 87

Rockaway Seamount.................................................................................... 95

Strait of Gibraltar......................................................................................... 99

Strait of Messina (Scylla & Charybdis) ........................................................119

B. South Atlantic

Africa - South Atlantic Coast ......................................................................123

C. North Pacific, including Adjacent Seas

California - Pacific Coast.............................................................................135

East and South China Seas..........................................................................139

Gulf of California ........................................................................................147

Japan - Pacific Coast ...................................................................................151

Knights Inlet - British Colombia ..................................................................155

Korea - Southeast Coast .............................................................................157

Malaspina Glacier - Yakutat Bay, Alaska .....................................................169

Oregon Coast - Colombia River ..................................................................173

Prince William Sound - Alaska ....................................................................177

Sea of Okhotsk ..........................................................................................179

Sulu Sea .....................................................................................................185

Yellow Sea..................................................................................................195

D. South Pacific

Galapagos Islands .......................................................................................199

E. Indian Ocean, Including Adjacent Seas

Andaman Sea..............................................................................................207

India - West Coast.......................................................................................221

Indonesia - Lombok Strait, Flores Sea.........................................................225

Somalia Coast .............................................................................................229


