UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

Fom; Approved
OMB No. 0704-0188

1a. REPORT SECURITY CLASSIFICATION
UNCLASSIFIED

1b. RESTRICTIVE MARKINGS
None

2a. SECURITY CLASSIFICATION AUTHORITY
Not Applicable (N/A)

3. DISTRIBUTION/AVAILABILITY OF REPORT
Approved for public release;

2b. DEﬁL/J;\SSIFICATION/DOWNGRADING SCHEDULE

distribution unlimited.

4. PERFORMING ORGANIZATION REPORT NUMBER(S)

DMA TR 8350.2-A

S. MONITORING ORGANIZATION REPORT NUMBER(S)

Same

6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL
(if applicable)
Defense Mapping Agency N/A

7a. NAME OF MONITORING ORGANIZATION

Same

6¢c. ADDRESS (City, State, and ZIP Code)
Building 56
United States Naval Observatory
Washington, DC 20305-3000

7b. ADDRESS (City, State, and ZIP Code)

Same

8a. NAME OF FUNDING/SPONSORING
ORGANIZATION

8b. OFFICE SYMBOL
(If applicable)

9. PROCUREMENT INSTRUMENT 1D0ENTIFICATION NUMBER

N/A N/A N/A
8C ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK_UNIT
ELEMENT NO. | NO. NO. ACCESSION NO.
N/A N/A N/A N/A N/A

11. TITLE (Include Security Classification)

Supplement to Department of Defense World Geodetic System 1984 Technical Report:
Methods, Techniques, and Data Used in WGS 84 Development

Part I 4

12. PERSONAL AUTHOR(S)
N/A

13a. TYPE OF REPORT
Technical

13b. TIME COVERED
FROM N/A 10 N/A

14. DATE OF REPORT (Year, Month, Day)
1 December 1987

15. PAGE COUNT
412

16. SUPPLEMENTARY NOTATION

Report prepared by the DMA WGS 84 Devve]opment Committee.

17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP
08 05 N/A
22 03 N/A See Reverse Page.

19. ABSTRACT (Continue on reverse if necessary and identify by block number)

This technical report, Part I of a three-part supplement to the Department of Defense
(DoD) World Geodetic System 1984 (WGS 84) Technical Report, DMA TR 8350.2, presents the
methods, techniques, and data used in WGS 84 development.
initiated for the purpose of providing the more accurate geodetic and gravitational data
required by DoD navigation and weapon systems.
Mapping Agency's modeling of the earth from a geometric, geodetic, and gravitational
standpoint using data, techniques, and technology available through early 1984.

The development of WGS 84 was

The new system represents the Defense

20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
O uncLassiFiepuNuMITED KX SAME AS RPT. [ OTIC USERS UNCLASSIFIED
22a. NAME OF RESPONSIBLE INDIVIDUAL o 22b. TELEPHONE (Include Area Code) | 22¢. OFFICE SYMBOL
Dr. Randall W. Smith 703-285-5286 DMASC/P10

DD Form 1473, JUN 86

Previous editions are obsolete.

SECURITY CLASSIFICATION OF THIS PAGE
UNCLASSIFIED




18.

SUBJECT TERMS

Angular Velocity of the Earth, Astronomic Nutation, Average Value of Theoretical
Gravity, Besselian Epoch, Celestial Ephemeris Pole, Conventional Inertial System,
Conventional Terrestrial Pole, Conventional Terrestrial System, Coordinates,
Coordinate Accuracy, Coordinate Systems, Datums, Datum Shifts, Datum Transfor-
mations, Datum Transformation Multiple Regression Equations, Degree Variances,
Dynamical Ellipticity, Earth Gravitational Constant, Earth Gravitational Model,
Earth's Mass, Earth's Moments of Inertia, Earth's Rotation, Ellipsoid Constants,
Ellipsoid Flattening, Ellipsoidal Gravity Formula, Ellipsoid Parameters, Ellipsoid
Semimajor Axis, Equatorial Gravity, Flattening, General Precession, Geodesy,
Geodetic, Geodetic Heights, Geoids, Geoid Heights, Geoid Undulations, Gravitation,
Gravitational Coefficients, Gravitational Model, Gravitational Potential, Gravity,
Gravity Anomaly Degree Variances, Gravity Formula, Gravity Potential, Instantaneous
Terrestrial System, Julian Epoch, Local Datums, Local Geodetic Datums, Local
Geodetic Systems, Local Geodetic System-to-WGS 84 Datum Shifts, Local Geodetic
System-to-WGS 84 Datum Transformations, Mass of the Earth's Atmosphere, Mean
Datum Shifts, Molodensky Datum Transformation Formulas, Multiple Regression Equa-
tions, Normal Gravity, Normal Gravity Formula, Normal Gravity Potential, Nutation,
Polar Motion, Precession, Reference Frames, Reference Systems, Theoretical Gravity,
Theoretical Gravity Formula, Theoretical Gravity Potential, World Geodetic System,
World Geodetic System 1972, WGS 72, WGS 72-to-WGS 84 Transformation, World Geodetic
System 1984, WGS 84, WGS 84 Coordinates, WGS 84 Coordinate Accuracy, WGS 84 Coordi-
nate System, WGS 84 Ellipsoid, WGS 84 Ellipsoidal Gravity Formula, WGS 84 Earth
Gravitational Model, WGS 84 Geoid, WGS 84-to-Local Geodetic System Datum Transfor-
mations, WGS 84 Reference Frame, WGS 84 Reference System.

ii




THE DEFENSE MAPPING AGENCY

With some 9,000 employees in more than 50 locations around the world,
the Defense Mapping Agency (DMA) provides Mapping, Charting, and Geodetic
(MC&G) support to the Secretary of Defense, the Joint Chiefs of Staff, the
Military Departments, and other DoD Components. This includes production
and worldwide distribution of maps, charts, precise positioning data, and
digital data for strategic and tactical military operations and weapon
systems. DMA also provides nautical charts and marine navigational data
for the worldwide Merchant Marine and private yachtsmen,

The Defense Mapping Agency was established in 1972, when MC&G
functions of the Defense community were combined into this Joint DoD
Agency. DMA is under the direction and control of the Assistant Secretary
of Defense (Command, Control, Communications, and Intelligence). The
Director of DMA, a flag officer, is responsible to the Joint Chiefs of
Staff for operational matters.

DMA maintains close Tliaison with civilian agencies of the United
States Government engaged in MC&G activities and works closely with
various national and international scientific and  operational
organizations in the MC&G field.




This page is intentionally blank.

jv



ACKNOWLEDGMENTS

Responsibility for the development of WGS 84 was vested in a DMA
WGS 84 Development Committee operating initially under the guidance of
Dr. Mark M. Macomber/Hq DMA/DH, and later, Dr. Kenneth I. Daugherty/DMA
Systems Center. The Committee was composed of Dr. Richard J. Anderle,
Mr. Ralph L. Kulp, and Mr. Mark G. Tannenbaum, Naval Surface Warfare
Center  (NSWC); Dr. Thomas M. Davis, Naval Oceanographic Office
(NAVOCEANO); Dr. Patrick J. Fell, Dr. Benny L. Klock, Dr. Muneendra Kumar,
and Mr. Fran B. Varnum, Defense Mapping Agency Hydrographic/Topographic
Center (DMAHTC); and Mr. Clyde R. Greenwalt and Mr. Haschal L. White,
Defense Mapping Agency Aerospace Center (DMAAC). Mr. B. Louis Decker
(DMAAC) was Chairman of the Committee.

The Committee expresses its appreciation to Mrs. Carol A. Malyevac and
Mr. C. Harris Seay, NSWC, and Mr. Louis Abramovitz, Mr. L. Thomas
Appelbaum, Mr. John A. Bangert, Mr. James M. Barth, Mr. Archie E. Carlson,
Mr. Robert E. Catulle, Mrs. Inez J. Dimitrijevich, Mr. Carl E. Draper,
Mrs. Mary S. Ealum, Mrs. Joyce E. Fox, Mr. David M. Gleason, Mr. John L.
Goodwin, Mr. John Hopkins, Mr. Donovan N. Huber, Miss Beatrice Jernigan,
Miss Martha R. Lahr, Mrs, Mary M. Martie, Mr. Kenneth Nelson, Mr. Robert
M. Perlman, Mr. Donald A. Richardson, Mr. Melvin E. Shultz, Mr. Neil J.
Simmons, Dr. Randall W. Smith, Dr. William L. Stein, Mr. George T. Stentz,
Mr. Balfour R. Sutton, Mr. Robert W. Valska, Mr. Dennis H. Van Hee, and
Mr. Jdames F. Vines of DMA for their assistance. The many contributions of
other supporting personnel of DMA and NSWC are also gratefully acknow-
ledged. In addition, a special thanks is extended to the many organiza-
tions and individuals in the United States and abroad who provided data
and technical expertise in support of the WGS 84 development effort. In
particular, Mr. John A. Gergen, Mrs. Elizabeth B. Wade, and Mr. Larry D.
Hothem, of the National Geodetic Survey (NGS), and Dr. Dennis D. McCarthy,
of the United States Naval Observatory (USNO), are cited for their
support.



This page is intentionally blank.

vi




DEFENSE MAPPING AGENCY e

BUILDING 56, U.S. NAVAL OBSERVATORY
WASHINGTON, DC 20305-3000

o,
%,
krum .

DMA TR 8350.2-A
1 December 1987

DEFENSE MAPPING AGENCY TECHNICAL REPQR 2-—

Supplement to Department of Defense
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Part I - Methods, Techniques, and Data
Used in WGS 84 Development

FOREWORD

1. This technical report, Part I of a three-part supplement to
the Department of Defense (DoD) World Geodetic System 1984 (WGS
84) Technical Report, DMA TR 8350.2, presents the methods,

techniques, and data used in WGS 84 development. WGS 84 was
initiated to provide more accurate geodetic and gravitational
data required by DoD navigation and weapon systems. The new

system represents the Defense Mapping Agency's (DMA) geometric,
geodetic, and gravitational modeling of the Earth using data,
techniques, and technology available through early 1984.

2. Readers should be aware that DMA revises technical
publications periodically only to satisfy internal requirements,
and it does not notify external recipients of such changes.

3. This publication contains no copyrighted material and 1is
approved for public release. Distribution is unlimited. Copies
may be requested from DMA as indicated in the PREFACE.
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MARC;JS OYLE
Colonel,ﬁ SAF
Chief of Staff
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PREFACE

This technical report is Part I of a three-part supplement to the
Department of Defense (DoD) World Geodetic System 1984 (WGS 84) Technical
Report, DMA TR 8350.2. The Tlatter provides a brief discussion of WGS 84
and its relationships with local geodetic systems. This report (Part I of
the supplement) discusses WGS 84 and the methods, techniques, and data
used in developing the parameters and products that define it. Consider-
able space is devoted to the discussion of the WGS 84 Reference Frame,
E1lipsoid, Ellipsoidal Gravity Formula, Earth Gravitational Model, Geoid,
and methods and procedures for obtaining WGS 84 coordinates. Part II of
the supplement contains final values for the WGS 84 defining parameters
and products, their accuracies, and formulas relevant to the implementa-
tion. Most of Part II consists of graphical and tabular materials for
converting 83 local geodetic systems to WGS 84. Part II is largely self-
contained in that the contents, with a few exceptions, completely define
WGS 84. Although WGS 84 1is essentially an unclassified system, the
associated Earth Gravitational Model (and its corresponding geoid) above
degree (n) and order (m) 18 are CLASSIFIED. These materials comprise
Part III of the supplement, the CLASSIFIED portion of WGS 84.

Requesters requiring additional information, data, or Part III of the
supplement should forward their request to:

Director

Defense Mapping Agency

ATTN: PR

Building 56

United States Naval Observatory
Washington, DC 20305-3000

Similarly, requesters requiring the positioning of sites of interest
directly in WGS 84 via Satellite Point Positioning utilizing ground-based

ix




PREFACE (Cont'd)

receivers should transmit their requirements to the above address. Other
WGS 84-related requests or questions may also be referred there.

Considerable explanatory material has been included in this portion of
the supplement (Part I) in an effort to make WGS 84 more understandable
and usable by the numerous DoD personnel who are thrust each year into a
mapping, charting, and geodetic (MC&G) environment and must accomplish
MC& tasks with 1little or no geodetic background. Although this
explanatory material makes this publication 1lengthy and somewhat
cumbersome, and is not needed by the practicing geodesist, the requirement
of MC&G newcomers for such data is deemed paramount.

Since WGS 84 is comprised of a consistent set of parameters,
organizations involved in a DoD application should not make a substitution
for any of the WGS 84-related parameters in an attempt to improve the
accuracy. Such a substitution may lead to less accurate WGS 84 products.
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