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9 Vertical offset surfaces

9.1 Introduction

Real-world measurements of position may result in a 3rd-coordinate value referenced to a surface other than that of reference datums used in object reference models and spatial reference frames specified in this International Standard.

Such reference surfaces, termed vertical offset surfaces, may be specified in terms of reference datums. They are not, however, appropriate for direct use as reference datums. This International Standard specifies how the position of a point in the object-space of an object can be specified in part as a distance from a vertical offset surface.

9.2 Object reference surfaces

9.2.1 Model of a significant surface

An object reference surface (ORS) is a smooth surface defined with respect to (the embedding of) an ORM. An ORS specification includes both the smooth surface specification and the ORM specification upon which it is based. An ORS models an application-specific aspect of the object-space. 

EXAMPLE
An oriented surface RD component of an ORM is an ORS.

Two important cases of ORSs are reference spheroids (or spheres), and equipotential surfaces including geoids.

9.2.2 Reference spheroids (and spheres)

A reference spheroid XE "reference spheroid"  is the oblate spheroid RD component of an oblate spheroid ORM. A reference sphere XE "reference sphere"  is the sphere RD component of a sphere ORM. Reference spheroids and spheres specified in this International Standard are listed in Annex D and Annex J. The RD parameter values of reference spheroids and spheres are specified to model an application-specific significant aspect of the spatial extent of the ORM. In the case of celestial objects, the surface usually represents an application-specific best fit to either the surface or a region of the surface of the celestial object. 

9.2.3 Equipotential surfaces and geoids

An equipotential surface of a potential function P defined in (a portion of) object-space is implicitly defined with a surface generating function given by 
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, where c is a value in the range of P. If P is modelled with a smooth function, the equipotential surface is a smooth surface. If the smooth surface is defined in terms of the embedding of an ORM it is an ORS.

A surface RD generating function is restricted by definition to be a multi-variate polynomial of degree 2 or less. Equipotential surfaces of interest are more complex and cannot be modelled with a surface RD. They can, however, be modelled using a vertical offset surface.

An important special case of an equipotential surface is (a smooth mathematical model of) the gravity potential of a celestial body. A geoid is a model of the Earth’s gravity equipotential surface at mean sea level associated to an ERM. Modern models of the Earth’s gravity potential are realized as truncated power series in spherical harmonics. These models can be specified as the coefficient values in the series.

9.2.4 Vertical offset surface

If S is an ORS referenced to an ORM E, and if R is the SRF derived from SRFT_CELESTIODETIC with E, then the spheroidal height coordinate curve for each position p on the oblate spheroid (or sphere) RD surface of E may or may not intersect S. If the spheroidal height coordinate curve at each position p intersects S at one and only one point, S is a vertical offset surface XE "vertical offset surface"  and the value of coordinate h at the intersect point is the offset surface separation XE "offset surface separation"  at position p (see Figure 9.1). If 
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 are the R surface geodetic coordinates for position p, then 
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 denotes the offset surface separation at position p.
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Figure 9.1 — Vertical offset surface

If spheroidal height coordinate curves intersect S uniquely in only a local region of the RD then it is a local vertical offset surface XE "local vertical offset surface" , otherwise it is a global vertical offset surface XE "global vertical offset surface" .

9.2.5 Geoidal separation

If a geoid is specified for an ERM, it is a vertical offset surface and the offset surface separation is called the geoidal separation XE "geoidal separation"  (see Figure 9.2). The specification of the geoidal separation is equivalent to the specification of the geoid because the geoid ORS can be constructed from the geoidal separation and the RD surface of the ERM. The geoidal separation is usually specified as a table of values 
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 for a grid of oblate spheroid (or sphere) RD positions
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Figure 9.2 — Geoidal separation

9.2.6 Vertical coordinate value

Given a point q with 3rd-coordinate value he in the object-space of an object with an associated vertical offset model with 
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 the surface geodetic coordinates for position p and 
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 denoting the offset surface separation at position p corresponding to point q, h = he -  v((, () (see Figure 9.3) where h is an alternative 3rd-coordinate value which is useful in the context of the vertical offset model.
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Figure 9.3 — Vertical coordinate with respect to a vertical offset surface

9.3 Vertical offset surface specifications

The elements of a vertical offset surface specification are defined in Table 9.1. This International Standard specifies vertical offset surfaces, including geoids, in Table 9.2 and Table J.14. The presentation is organized by the type of celestial object. Additional vertical offset surfaces may be registered.

Table 9.1 — Vertical offset surface specification elements

	Element
	Definition

	Label
	The label (see 12.2.2).

	Code
	The code (see 12.2.3).

	Description
	The published name of the vertical offset surface.

	ORM 
	The ORM reference.

	Global/local
	Specifies whether the vertical offset surface is only a local vertical offset surface.

	Notes
	Additional, non-normative information.

	Reference type
	The reference type (see 12.2.5).

	References
	The references (see 12.2.5).


Table 9.2 — Vertical offset surface specifications

	Object type: Earth

	Label
	VOS_EGM96_GEOID
	Code
	1

	Description
	WGS 84 EGM96 geoid

	ORM
	ORM_WGS_1984
	Global/Local
	Global

	Notes
	The geopotential surface defined by the WGS 84 EGM96 Earth Gravity Model that is closely associated with the mean ocean surface.

	Reference type
	IR
	References
	[83502T, Section 6]

	Label
	VOS_IGLD_1955
	Code
	2

	Description
	International Great Lakes Datum (IGLD) 1955

	ORM
	TBD
	Global/Local
	Local

	Notes
	A system of geopotential elevations throughout the Great Lakes region that is based on mean water level at Pointe-au-Pere, Quebec, on the Gulf of St. Lawrence over the period 1941 through 1956.

	Reference type
	NR
	References
	none

	Label
	VOS_MSL
	Code
	3

	Description
	Mean sea level (MSL)

	ORM
	TBD
	Global/Local
	Global

	Notes
	A continuous surface over the oceans (or its hypothetical extension under the land masses) defined by the mean of sea level surfaces approximated and observed over 19 years.

	Reference type
	IR
	References
	[BOWD, Section 913]

	Label
	VOS_NAVD_1988
	Code
	4

	Description
	North American Vertical Datum (NAVD) 1988

	ORM
	TBD
	Global/Local
	Local

	Notes
	A fixed reference for elevations derived from a general adjustment of the first-order terrestrial levelling nets of the United States, Canada, and Mexico. In the adjustment, only the height of the primary tidal bench mark, referenced to the International Great Lakes Datum of 1985 local mean sea level height value, at Father Point, Rimouski, Quebec, Canada was held fixed, thus providing minimum constraint.

	Reference type
	NR
	References
	none

	Label
	VOS_OSGM_2002
	Code
	6

	Description
	Ordnance Survey Geoid Model (OSGM) 2002

	ORM
	TBD
	Global/Local
	Local

	Notes
	The geopotential surface defined by the OSGM of 2002, covering the region of Great Britain, 45,5ºN to 61,5ºN and 3,5ºW to 11,5ºE.

	Reference type
	IR
	References
	[OSGM02]

	Label
	VOS_WGS84_GEOID
	Code
	7

	Description
	WGS 84 geoid

	ORM
	ORM_WGS_1984
	Global/Local
	Global

	Notes
	The geopotential surface defined by the WGS 84 Earth Gravity Model that is closely associated with the mean ocean surface.

	Reference type
	IR
	References
	[83502T, Section 6]

	Object type: Planet (non-Earth)

	Object type: Satellite

	Object type: Star


9.4 Other vertical coordinate definitions

In this International Standard the vertical coordinate for SRFs based on the SRFT_CELESTIODETIC and all map projection based SRF templates is defined as ellipsoidal height (see 5.3.6.1). Different fields of application define other vertical coordinates, including:

vertical offset height: he = v((, () + h, where v((, () is vertical offset separation at the point ((, (). When the vertical offset surface is a geoid, he is termed elevation XE "elevation" . Note that (ellipsoidal height) - (elevation) = v((, ().
orthometric height XE "orthometric height" : Orthometric height h0 depends on a gravity model that specifies a potential for each position in position-space. A geoid is selected to be an equipotential surface for the gravity model. The gradient operator on the potential specifies a vector field in position-space. A plumbline XE "plumbline"  is defined to be a curve that follows the gradient vector field (i.e. the tangent vector at a point on the plumbline equals the potential gradient vector at that point). Let q be a position in position-space. The plumbline containing q intersects the geoid at a position p. The orthometric height of q is the plumbline arc length distance from p to q (see Figure 9.4). Note that the tangent to a plumbline at the point where it intersects the geoid is normal to the geoid.

other specific functional relationships: hm = F(u, v, h), where F is monotonic in h for fixed u and v (or in the geodetic case: 
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EXAMPLE
F is standard pressure altitude.
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Figure 9.4 — Other vertical coordinate definitions

[Editors note: Unaddressed from US_T049 comment on WD7: “Note that terrain elevation can mean different values in the “real” world.  18026 is using the classical digital terrain elevation data (DTED) definition above mean sea level or ~ geoid.  Global Positioning Systems give elevation referenced to the WGS 84 ellipsoid and the Shuttle Radar Topography Mission (SRTM) used a different reference ellipsoid.  These differences should be discussed in Clause 9.”]
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