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Orthometric height
h= Elipsoidal hoight
M= Gabia unduiation
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Earth Surfaces
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Definition of the Geoid
Geoid isthe equipotentia surface of the gravity field of the earth.

Geoid : Level surface of global undisturbed oceans
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= Traddional means for
establishing vertical control (H):
spirit-tevelling
3 costly
3 labourious
2 inefficient. difficult in remote
areas, mountainous lerrain,
over large regions

= With advent of satelite-based
global positioning systems
{GPS) 3D positioning has been
revolutionized

h-H-N=0
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Problems of combining
heter ogeneous heights

2 random errors in the derived heights h, H, and N

u transform between different types of height data (GPS-levelling)
a datum inconsisiencies inherent among the height types

= refine and test existing gravimetric geocid models
4 systematic effects and distortions (long-wavelength geoid errors, poorly modelled GPS
= better understanding of data error sources errors and over-consirained levelling network adjustments)
2 calibrate geoid emror model a W0 i made in b d data (neglect
at tide gauges)

sea surface or fiver d

2 assess noise in GPS heights, test a-priori error measures

J evaluate levelling precision, test a-priori error values a i or inexact ic height
2 instability of stalion over time (geody
= Other applications: sea level change monitoring, post-glacial rebound uplift'subsidence)
studies, etc.
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EGM 96 gravity data (20 mgal
contour interval).
Hattaisobviously on the edge
of a major tectonic gravity
trend.
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Area— 1: observed a every 1 X 1 km interval

Area— 2: observed a every 2 X 2 km interval

- EGM - ETM (607)
- EGM = ETM (30°)

- EGM - ETM (607}
- EGM - ETM (307)
i L - EGM = [zostan:
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- BGM - BTM (607)
- EGM - ETM (307)
- EGM - Leoszanc
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Unit: m

Dubai area (3157 GPS pts)
Gravimetric geoid
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EGM 9 only

Hatta area (110 pts)
Gravimetric geoid

EGM%
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* A gravimetric geoid model, computed by spherical FFT in a global datum

*A GPS+tailored local geoid, which fits the GPS observations and the Dubai
vertical datum to a few cm. This step has involved an iterative editing of GPS-
leveling outliers.
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FFT provides very fast evaluation of convolution
sums/integrals with gridded data

In planar approximation, the Stokes and terrain

Subtract effect of GM from Ag (long wavelength)

correction integrals are convolutions

In spherical approximation, these integrals are
convolutions along the parallels, and so are the
summations for the GM-contributions

Gravity and topography data are usually provided on
regular grids

Computations for very large areas can be performed on
aPC
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The Geoid signal N is constructed by subdividing it into three parts

Where

= Spherical harmonic expansion complete to degree and order 360

= From the topography

= From contributions of residual gravity
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Subtract effect of terrain from Ag (short wavelength)
Use the reduced Ag in the FFT formulas
Add to the results (reduced co-geoid) the GM effect

Add to the results (reduced co-geoid) the indirect

terrain effects
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Standard practice: Use of a corrector surface to model the datum
i ies and ic effects when combining GPS. geoid and
orthometric heights

Theory: Bi=H;=N; =0 N FSHieling -

The basic principle used here is to modd the gravimetric and GPS geoid
difference by a smooth function consisting of atrend function f Practice:  h; — H; — N; = I; NGESthevelling 0 N
(apolynomial) and aresidud €', to be mode ed by |east/squares collocation

T
a; x + v;

1

residuals

parametric model
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ic Model Testing Procedure
h,—H,-N,=0

Where, H, = orthometric height, h, =ellipsoidal height, Geoidal Separation

_ _ —_ AT = To eliminate some of
h' )L]r N, =C XtV the arbilrariness in both
choosing the model
type and assessing its
performance

i . — . Developed a procedure
€ X = Cosgy cOsA; X + cosey sind; xo + singy vy + Ny cansisting of fve majar
modules 0
Final mo;ul solection
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Std.dew
All data (3540 pts.) 0.041
DI GPS data, Dubad main (3212 pts) 0038
Hansa GPS data, Dubai (150 pts) 0.05
Hatta area (110 pts.) 0.11
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CONCLUSION

« The derived Geoid model is precise enough to meet the Third order levelling
Standards.

« In Hatta region the accuracy could be of 5-10 cm. Still more information and datais
necessary to improvise the model in thisregion.
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