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Definition of the Geoid

Geoid  is the equipotential surface of the gravity field of the earth.

Geoid : Level surface of global undisturbed oceans
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Earth Surfaces
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Geoid – Ellipsoid  Separation
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GPS  Heighting

FIG Working Week 2005 and GSDI-8
Cairo, Egypt, 16–21 April 2005

Progress Towards a cm Geoid 
for Dubai Emirate

Dubai Municipality
Survey Section

Spirit levelling  Vs  GPS



2

FIG Working Week 2005 and GSDI-8
Cairo, Egypt, 16–21 April 2005

Progress Towards a cm Geoid 
for Dubai Emirate

Dubai Municipality
Survey Section

Why to combine h, H and N  ??
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Problems of combining 
heterogeneous heights
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EGM96 gravity data (20 mgal 
contour interval). 
Hatta is obviously on the edge 
of a major tectonic gravity 
trend.
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EGM96 – GEOID  MODEL
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Gravity data observation Scheme

Area -1

Area -2

Area – 1: observed at every 1 X 1 km interval

Area – 2: observed at every 2 X 2 km interval
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Statistics of Gravity Data Reduction
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Available GPS-leveling geoid data. Black: DM data; blue triangles: Levelling data. 
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Area covered by detailed DEM data – mainland Dubai
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Area covered with 100 m DEM data – Hatta 
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Comparisons of gravimetric geoid to Dubai Municipality GPS leveling

Unit: m Mean Std.dev.

Dubai area (3157 GPS pts)
Gravimetric geoid -1.40 0.09

EGM96 only -0.83 0.16

Hatta area (110 pts)
Gravimetric geoid -1.39 0.12

EGM96 -1.52 0.25
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Gravimetric geoid of the Dubai region, from EGM96, gravimetry and DEM’s
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Bouguer anomalies of Hatta (10 mgal contour interval)
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The gravimetric geoid computation 

The Dubai precise geoid has been computed in two steps

• 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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Why to use  FFT ?
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Computational  Procedure :

Geoid undulations by FFT
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N = N1+ N2 +N3 

Gravimetric Geoid Computation

The Geoid signal N is constructed by subdividing  it into three parts

Where

N1
= Spherical harmonic expansion complete to degree and order 360

N2 = From the topography

N3 = From contributions of residual gravity
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Long wave length Geoid contribution
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Medium wave length Geoid contribution
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Short wave length Geoid contribution
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Fitting  the geoid to GPS/levelling data

ε = Ngrav - NGPS =    f(φ,λ) + ε’

The basic principle used here is to model the gravimetric and GPS geoid 
difference by a smooth function consisting of a trend function f
(a polynomial) and a residual ε’, to be modeled by least/squares collocation
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Problem Formulation
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or

Improving the GPS  Heighting

Where,  HA  = orthometric height, hA =ellipsoidal height, NA  = Geoidal Separation

Eqn-1

Eqn-2

Eqn-3
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R.M.S.  fit of GPS leveling data to the geoid
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Testing the Geoid Model

FIG Working Week 2005 and GSDI-8
Cairo, Egypt, 16–21 April 2005

Progress Towards a cm Geoid 
for Dubai Emirate

Dubai Municipality
Survey Section

FIG Working Week 2005 and GSDI-8
Cairo, Egypt, 16–21 April 2005

Progress Towards a cm Geoid 
for Dubai Emirate

Dubai Municipality
Survey Section

54.80 55.00 55.20 55.40 55.60 55.80 56.00 56.20

24.60

24.80

25.00

25.20

25.40

Dubai geoid computed from gravity, GPS and leveling.Contour interval 20 cm. 
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Dubai geoid from gravity, GPS and levelling

Dubai Geoid form gravity, GPS and Levelling
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DM-GEOID MODEL
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Precise Dubai Geoid Model - Program

Developed by 
Survey Section, 

DM
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CONCLUSION

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

• In the main land Dubai the accuracy could be of  the order of 1-3 cm on  average

• In Hatta region the accuracy could be of 5-10 cm. Still more information and data is 
necessary to improvise the model in this region.

• We believe this Geoid model could meet the requirement of many potential users 
who would intend to convert GPS heights into their corresponding Mean Sea Level 
heights.
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