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(Reprinted from Nature, Vol. 198, No. 4878, pp. 376-377,
April 27, 1963)

Measurements of Currents along the Equator in
the Indian Ocean

IN recent years large, high-speed, eastward flows
beneath the surface along the equator have been dis-
covered and/or rediscovered 1 . The structure of the
Cromwell Current in the central and eastern Pacific has
been described in some detail. The current is symmetrical
about the equator, has a transport as great as 40 x 106 m 3/
sec and has a maximum speed in the thermocline of about
three knots. The current appears to be steady and to be
in geostrophic balance to within a half a degree of the
equator. The distributions of oxygen, salinity and other
properties indicate upwelling of water along the equator
and strong vertical mixing. The observations in the
Atlantic Ocean indicate that the current structure there is
remarkably similar3 .

Although it is generally believed that these under-
currents are in some way related to the overlying wind
field, the driving mechanism and method of maintenance
of these currents are still not certain. For this reason an
investigation of the equatorial circulation in the Indian
Ocean during different monsoon conditions is part of the
programme of the International Indian Ocean Expedition.
The first part of this expedition has boon completed.
During June 28-September 24, 1962, Argo of the Scripps
Institution of Oceanography, University of California.
occupied a zonal line of stations along the equator and four
cross-sections from 5' N. to 50 S. (Fig. 1). Ninoty-seven
hydrographic stations and twenty-one current-measuring
stations were occupied. Some ninety velocity soundings
were made at those twenty-one stations. The current-
measurement technique was similar to that previously
described.

During the period of observation there was no strong
eastward, subsurface flow similar to that found in the
other two oceans. Maximum speeds were not necessarily
found at the equator. The maximum speeds at a given
position were associated with the top of the thermocline
and ranged from one to two knots. On the averago,
higher current speeds were found in the western than in
the eastern Indian Ocean. In many instances the north-
south component of velocity exceeded the east-west
component.

The most characteristic feature of the thro,, months of
measurements was the variability of the flow. Although
the current structure at a given location remained constant
over a 24-h period, it did not remain constant over p,.riods
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of three weeks, and on some occasions was not steady over
periods of 3-5 days. This is in marked contrast to the
observations in at least the central and eastern Pacific.

Preliminary indications are that the observed current
was not in geostrophic balance. In one of the four cross-
sections (530 E.) this was obviously the case. The north-
south pressure gradient force from 20 N. to 10 S. based on
seven hydrographic stations was 5 x 10-1 dyne/g. The
gradient appeared to be constant and did not reverse itself
at the equator. A zonal geostrophic current of 200 cm/sec
(3.9 knots) at 10 N. would be necessary to balance such a
pressure gradient force--a current 10 times greater than
what was observed.

There was no evidence of upwelling, 'spreading of the
thermocline' or vertical mixing of the water at the equator,
all features which are associated with the equatorial under-
currents in the Atlantic and the Pacific.

One of the reasons for looking at the equatorial circu-
lation in the Indian Ocean was the indication that the east-
west pressure gradient in this ocean was different from that
found in the Atlantic and the Pacific. In the Atlantic and
Pacific the sea surface slopes down to the east along the
equator. Although the magnitude of the slope varies with
longitude and probably with time, there is no evidence
that it changes sign. During the three-month period we
were in the Indian Ocean the gradient was constant, of
approximately the same magnitude as that in the Atlantic
and Pacific, but of opposite sign (Fig. 2). It seems reason-
able to assume that the marked difference in the current
structure between the Indian Ocean and that observed in
the Atlantic and Pacific is related to the change in sign
of the pressure gradient. The east-west pressure gradient
may be different during the other monsoon season. We
expect to make further observations during tho period
February 15-May 15, 1963.

This work reported was part of the Lusiad Expedition-
a joint University of California, University of Rhode
Island venture, and a United States contribution to the
International Indian Ocean Expedition. Support for the
work was provided by the Office of Naval Research and
the National Science Foundation.

JOHN A. KNAUSS
Narragansett Marine Laboratory,

University of Rhode Island, Kingston, Rhode Island.
BRUCE A. TAFT

Scripps Institution of Oceanography,
University of California, La Jolla, California.

1 Montgomery, R. B., J. Oceanogr. Soc. Japan, twentieth anniv. vol. (in the
press).

Knauss, J. A., Deep-Sea Res., 6, 265 (1960).
-Metcalf, J. T., Voorhis, A. D., and Stalcup, M. C., J. Geophys. Res., 67,

2499 (1962).

Printed in Great Britain by Fisher, Knight & Co., Ltd.. St. Albans.



DISTRIBUTION LIST

No. of No. of

Copies Coies

Director of Defense Research 1 Commanding Officer 1

and Engineering Office of Naval Research
Attn: Coordinating Committee Branch

on Science 1030 East Green Street

Pentagon Pasadena I, California
Washington 25, D. C.

Director 6
Office of Naval Research 2 Naval Research Laboratory
Geophysics Branch (Code 416) Attn: Technical Services

Washington 25, D. C. Information Officer

Washington 25, D. C.
Office of Naval Research
Washington 25, D. C. Hydrographer 8
Attn: Biology Branch (Code 446) 1 U. S. Navy Hydrographic Office

Attn: Surface Branch (Code 463) 1 Washington 25, D. C.
Attn: Undersea Warfare (Code 466) 1 Attn: Library (Code 1640)
Attn: Special Projects (Code 418) 1

Chief, Bureau of Ships
Commanding Officer 1 Department of the Navy

Office of Naval Research Branch Washington 25, D. C.
495 Summer Street Attn: Code 312 1
Boston 10, Massachusetts Attn: Code 341C 1

Attn: Code 631 1
Commanding Officer 1 Attn: Code 688 1
Office of Naval Research
346 Broadway Chief, Bureau of Naval Weapons

New York 13, N. Y. Department of the Navy
Washington 25, D. C.

Commanding Officer 1 Attn: FASS 1
Office of Naval Research Branch Attn: RU-222 1
The John Crerar Library Building
86 East Randolph Street Office of the U. S. Naval 1
Chicago 1, Illinois Weather Service

U. S. N.,-al Station
Commanding Officer 1 Washington 25, D. C.
Office of Naval Research Branch
1000 Geary Street Chief, Bureau of Yards & Docks I
San Francisco 9, California Office of Research

Department of the Navy

Commanding Officer 10 Washington 25, D. C.

Office of Naval Research Branch Attn: Code 70
Navy #100, Fleet Post Office

New York, New York Commanding Officer & Director I

U. S. Navy Electronics Laboratory
Contract Administrator Southeast 1 San Diego 52, California

Area Attn: Code 2201 1
Office of Naval Research Attn: Code 2420 1

2110 ' G' Street, N. W.
Washington 7, D. C.



No. of No. of

Copies Copies

Commanding Officer & Director 1 Hdqtrs., Air Weather Service
U. S. Naval Civil Engineering (AWSSS/TIPD)
Laboratory U. S. Air Force

Port Hueneme, California Scott Air Force Base, Illinois
Attn: Code L54

AFCRL (CRZF)
Commander, Naval Ordnance 1 L. G. Hanscom Field
Laboratory Bedford, Massachusetts

White Oak, Silver Spring
Maryland Army Research Office
Attn: E. Liberman, Librarian Office of the Chief of R&D

Department of the Army
Commanding Officer 1 Washington 25, D. C.
Naval Ordnance Test Station
China Lake, California U. S. Army Beach Erosion Board
Attn: Code 753 1 5201 Little Falls Road, N. W.
Attn: Code 508 1 Washington 16, D. C.

Commanding Officer I Director
Naval Radiological Defense U. S. Army Engineers Waterways
Laboratory Experiment Station

San Francisco, California Vicksburg, Mississippi
Attn: Research Center Library

Commanding Officer I
U. S. Naval Underwater Sound Office of Technical Services
Laboratory Department of Commerce

New London, Connecticut Washington 25, D. C.

Commanding Officer I Armed Services Technical 10
U. S. Navy Mine Defense Information Agency

Laboratory Arlington Hall Station
Panama City, Florida Arlington 12, Virginia

Officer in Charge 1 National Research Council 2
U. S. Navy Weather Research 2101 Constitution Avenue

Facility Washington 25, D. C.
Naval Air Station, Bldg. R-48 Attn: Committee on Undersea
Norfolk, Virginia Warfare

Attn: Committee of Oceanography
Commanding Officer 1
U. S. Navy Air Development Center Comandant (OFU)
Johnsville, Pennsylvania U. S. Coast Guard
Attn: NADC Library Washington 25, D. C.

Superintendent 1 Commanding Officer
U. S. Naval Academy U. S. Coast Guard Oceanographic
Annapolis, Maryland Unit

c/o Woods Hole Oceanographic
Department of Meteorology & 2 Institution
Oceanography Woods Hole, Massachusetts

U. S. Naval Postgraduate School
Monterey, California Director

Coast & Geodetic Survey
U. S. Department of Commerce
Washington 25, D. C.
Attn: Office of Oceanography



No. of No. of
Copies Copies

Director of Meteorological I Narragansett Marine Laboratory
%esearch University of Rhode Island

.US. Weather Bureau Kingston, Rhode Island
Washington 25, D. C.

Bingham Oceanographic
Library, U. S. Weather Bureau 2 Laboratories
Washington 25, D. C. Yale University

New Haven, Connecticut
Director, Bureau of Commercial 2

Fisheries Gulf Coast Research Laboratory
U. S. Fish & Wildlife Service Post Office Box
Department of Interior Ocean Springs, Mississippi
Washington 25, D. C. Attn: Librarian

U. S. Bureau of Commercial 1 Chairman
Fisheries Department of Meteorology &

Fish & Wildlife Service Oceanography
P. 0. Box 271 New York University
La Jolla, California New York 53, N. Y.

Laboratory Director I Director
Bureau of Commercial Fisheries Lamont Geological Observatory

Biological Laboratory Torrey Cliff
U. S. Fish and Wildlife Service Palisades, New York
Washington 25, D. C.

Director
Laboratory Director 1 Hudson Laboratories
Bureau of Commercial Fisheries 145 Palisades Street
Biological Laboratory Dobbs Ferry, New York
450-B Jordan Hall
Stanford, California Great Lakes Research Division

Institute of Science & Technology
Bureau of Commercial Fisheries University of Michigan
U. S. Fish & Wildlife Service Ann Arbor, Michigan
Post Office Box 3830 Attn: Dr. John C. Ayers 1
Honolulu 12, Hawaii
Attn: T. S. Austin 1 Dr. Harold Haskins 1
Attn: Librarian 1 Rutgers University

New Brunswick, New Jersey
National Oceanographic Data 1
Center Director

Naval Weapons Plant Chesapeake Bay Institute
Washington 25, D. C. Johns Hopkins University

121 Maryland Hall
Director 2 Baltimore 18, Maryland
Woods Hole Oceanographic

Institution Mail No. J-3009
Woods Hole, Massachusetts The Martin Company

Baltimore 3, Maryland
Project Officer 3 Attn: J. D. Pierson
Laboratory of Oceanography
Woods Hole, Massachusetts



No. of No. of
Copies Copies

Dr. C. I. Beard I Director 1
Sylvania Electric Defence Arctic Research Laboratory

Laboratory Barrow, Alaska
P. 0. Box 205
Mt. View, California Geophysical Institute of the

University of Alaska
Head, Department of Oceanography 1 College, Alaska
University of Washington
Seattle 5, Washington Director

Bermuda Biological StationMr. Henry D. Simmons, Chief 1 for Research
Estuaries Section St. Georges, Bermuda
Waterways Experiment Station
Corps of Engineers Department of Meteorology
Vicksburg, Mississippi and Oceanography

University of Hawaii
Oceanographic Institute 1 Honolulu 14, Hawaii
Florida State University Attn: Dr. H. M. Johnson
Tallahassee, Florida

Technical Information Center,
Director, Marine Laboratory I CU-201
University of Miami Lockheed Missile and Space
#1 Rickenbacker Causeway Division
Virginia Key 3251 Hanover Street
Miami 49, Florida Palo Alto, California

Serviclo de Hidrografia Naval 1 Stanford Research Institute
Mantes de Oca 2124 Department of Earth Sciences
Buenos Aires, Argentina Menlo Park, California
Attn: Nestor C. L. Granelli

Teniente de Navio University of Pittsburgh
Environmental Sanitation

Head, Department of Oceanography 2 Department of Public Health
and Meteorology Practice

Texas A & M College Graduate School of Public Health
College Station, Texas Pittsburgh 13, Pennsylvania

Director I Director
Scripps Institution of Oceanography Hawaiian Marine Laboratory
La Jolla, California University of Hawaii

Honolulu, Hawaii
Allan Hancock Foundation 1
University Park Dr. F. B. Berger
Los Angeles 7, California General Precision Laboratory

Pleasantville, New York
Department of Engineering 1
University of California Mr. J. A. Gast
Berkeley, California Wildlife Building

Humboldt State College
Head, Department of Oceanography 1 Arcata, California
Oregon State University
Corvallis, Oregon



No. of

Copies

Department of Geodesy &

Geophysics
Cambridge University
Cambridge, England

ONR Special Representative
c/o Hudson Laboratories
Columbia University
145 Palisade Street
Dobbs Ferry, New York

Bureau of Sport Fisheries and
Wildlife

U. S. Fish and Wildlife Service
Sandy Hook Marine Laboratory
P. 0. Box 428
Highlands, New Jersey
Attn: Librarian

Defence Research Member 2
Canadian Joint Staff
2450 Massachusetts Avenue, N. W.
Washington 8, D. C.

Applied Physics Laboratory 1
University of Washington
1013 NE Fortieth Street
Seattle 5, Washington


