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Subject:  Emerging Standards and Implementation Guidance for the World Geodetic System 1984 Earth Gravitational Model Geoid Heights

Purpose:  This document provides guidance for the implementation and use of the World Geodetic System 1984 (WGS 84) Earth Gravitational Model (EGM) Geoid Heights, denoted by the symbol (N), for NSG positioning, navigation, and targeting systems which use or provide Mean Sea Level heights for GEOINT. This guidance is applicable to those systems which are in the planning or development stage. Operational platforms or systems which have already been fielded should be evaluated to ensure compliance with existing accuracy requirements.

Background:  The WGS 84 is the NSG standard for coordinate reference systems. One component of the WGS 84 is an ellipsoid model figure of the earth that defines the 3-dimensional latitude, longitude, and ellipsoid height datum. Another component of the WGS 84 is an EGM that defines a geoid surface model that approximates a global zero mean sea level vertical datum. Geophysically, the geoid is referenced by the height of this surface above or below the ellipsoid model. Mathematically, the geoid is derived from a special class of complicated equations called Spherical Harmonics and an associated table of Coefficients, with various coefficient tables ranging from thousands of coefficients to over 10 million coefficients.

The WGS 84 EGM is updated when sufficient quantities of significant new sources of gravity field information become available. The last four EGMs released by NGA were all 12 years apart: EGM72, EGM84, EGM96, and EGM2008. The last three models are all based on WGS 84 ellipsoid and reference frame. NGA will continue to provide updated EGMs in the future.

Practical realization and implementation of the geoid for NSG systems is based upon precomputing a grid of geoid heights from the EGM equations and tables and then using an interpolation algorithm on this grid to derive mean sea level heights. Over the last 20 years, numerous realizations of the various EGM models, geoid grid spacings, and interpolation algorithms have been implemented in NSG systems, including 10 degree grids down to 1 minute grids. These different grids, grid spacings, and algorithms create large differences in computed mean sea level heights and result in interoperability issues. For some NSG activities, these resultant mean sea level heights differences exceed allowable error budgets.

NGA’s goal is to develop and provide a single standard geoid grid format and algorithm for NSG systems to implement for the determination of mean sea level heights.  The National Geospatial-Intelligence Agency (NGA) as the functional manager for WGS 84 is establishing the following implementation profile and guidance for WGS 84 EGMs from which Geoid Heights are derived for the NSG.

WGS 84 EGMs: The NGA is establishing the EGM2008 as the present model for the WGS 84 EGM from which Geoid Heights are derived for the NSG. All previous EGMs, geoid grids, and implementations will be categorized as legacy data. Support for EGM84 implementations will only be available by special request after 1 October 2011. Support for EGM96 implementations will continue at least until December 2019. The EGM2008 model will be realized into a 2.5-minute x 2.5-minute global geoid grid and arrange into 1-degree cells as described below. NGA will continue to provide updated EGMs in the future in this 2.5 minute global geoid grid.

EGM Implementation:  Beginning in January 2020, the use of a 2.5-minute x 2.5-minute global geoid grid is required for all new and emerging NSG positioning, navigation, and targeting systems which use or provide Mean Sea Level heights for GEOINT.  NGA will make available a 2.5-minute x 2.5-minute geoid grid in 1-degree cells for use with its data, products and services.  NGA will provide, at a minimum, a single standard interpolation algorithm source code to perform geoid height interpolation on this standard 2.5-minute grid. This new 2.5-minute grid format will be the standard grid spacing for all future WGS 84 EGM geoid model grid updates.

MSP/GEOTRANS software will be modified to incorporate this new schema by 2015. It will also continue to support the current and legacy EGM models described in this memorandum.
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NGA will address legacy EGM geoid grid spacings via a web service for existing systems that are not scheduled for upgrades or modernization and/or scheduled to be sunset before 2020. The web service may include the ability to assess and measure the differences between EGM geoid height models and offer a replacement for existing height values with the EGM2008 geoid heights. System developers are directed to contact NGA via their government contracting officer for further geoid implementation guidance if compliance issues, interoperability issues, or questions arise.

Documentation:  WGS 84 is the official NSG coordinate reference system and is documented in:
· CJCSI 3900.01C,
· MIL-STD 2401,
· STANAG 2211,
· NGA TR8350.2-C.

Links: Information regarding this document, WGS84, and the respective EGMs may be found at http://earth-info.nga.mil/GandG/wgs84/gravitymod/egm2008/index.html .
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