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The National Geodetic Survey (NGS) has been developing gravimetric geoid models for
nearly two decades starting with GEOID90 (Milbert, 1991; Smith and Milbert, 1999;
Smith and Roman, 2001; Roman et al 2004). Since 1996, these models have been
combined with GPS/leveling information to create hybrid geoid height models. These
models use the control data available in the NGS database at the time of their creation.
The control data consist of bench marks where both the GPS-derived NAD 83 ellipsoidal
height and leveled NAVD 88 orthometric height are known, and are called “GPSBM”
data. The difference between these two heights provides an estimate of the separation
between NAD 83 and NAVD 88 at that location.

Since these points are insufficient in coverage to develop a model of the NAD 83-NAVD
88 separation across the country, the gravimetric geoid model is used as a base and the
control data used to warp the gravimetric geoid to fit between the two datums. This takes
place by removing an interpolated gravimetric geoid height (N) from the GPSBM-
derived geoid height (ellipsoidal height (h) - orthometric height (H)):

residual =(h—H) -N
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Figure 1: The long wavelength errors
gravity field data.

of NAVD 88 as determined from comparison to GRACE
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GPS BMs for GEOIDO9
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Rejected GPS BMs in GEOID09
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Ortho Datum Code
Code Explanation
H 88 North American Vertical Datum of 1988

Reject Code

Rejection is based on three tests. The first test is to evaluate the given
ellipsoid height errors and determine outliers. Points outside of the 95%
confidence level (two sigma) after 4 iterations are rejected and assigned
"h'. Points are then compared to a gravimetric geoid to form residuals.
Points with abnormally large residual values are dropped as having a bad
orthometric height 'H'.

h Ellipsoid height error
H Orthometric height error
D Duplicate
Blank Indicates no rejection.
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Ellipsoid Order & Class (OC) Codes

The OC codes are used to classify each ellipsoid height value
observed and adjusted at horizontal control points. The first
character indicates order while the second indicates class in
accordance with the following draft standards for classifying
ellipsoid height determinations:

0OC Code Classification b = maximum height
difference accuracy
00 NRA2007 absolute accuracy determined instead
11 First Order, Class I 0.5
12 First Order, Class II 0.7
21 Second Order, Class I 1.0
22 Second Order, Class II 1.3
31 Third Order, Class I 2.0
32 Third Order, Class II 3.0
41 Fourth Order, Class I 6.0
42 Fourth Order, Class II 15.0
51 Fifth Order, Class I 30.0
52 Fifth Order, Class II 60.0

The ellipsoid height difference accuracy (b) is computed from
a minimally constrained, correctly weighted, least sguares
adjustment by the formula:

b = s / sgrt(d)

where: d = horizontal distance in kilometers between control
points
s = propagated standard deviation of ellipsoid height
difference in millimeters between control points
obtained from the least sguares adjustment
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Ellipsoidal Height differences at Common GPS/BMs to GEOID09 and 03: 09 - 03
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Figure 2: Differences in the ellipsoidal heights at GPSBMs common to GEOID03 and GEOID09.
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Vertical Shifts at GPS Stations Due to the National 2007 Adjustment
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Figure 5: Vertical shifts at all GPS stations due to the NSRS2007. Those points given in Figure 4

represent a subset of this group.
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Geoid Differences at GPS Stations: GEOID09 - GEOID03
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Figure 9: Geoid differences between GEOID09 and GEOIDO03 at GPSBM Icoations
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In GEOID99, only a single Gaussian function at 400 km correlation length was utilized.
For GEODIO3, two functions were used with correlation lengths of 650 km and 60 km.
For the western states such as Arizona, the function with the 60 km correlation length did
not work because of the spacing of the GPSBM’s. This left only the 650 km correlation
length to model the remaining signal. This caused signal between 400 km and 650 km to
be neglected, resulting in a slight degradation for those regions from GEOID99 to
GEOIDO03.

To mitigate this in GEOID09, multiple models were used. The GPSBM spacing will
determine which of the functions will actually apply for each region. Incrementing from
30 km to 60km to 90 km to 120 km creates thresholds that can better capture the
correlated signal present in the GPSBM residuals. For example, the GPSBM station
spacing may be insufficient for the function with a 60 km correlation length but it is
sufficient for the function with the 90 km correlation length. This prevents a jump to
longer wavelength function and neglecting correlated signal.
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