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Precise Leveling Network of Palestine
 The precise leveling network was built from the end of 1920s to the middle 

of 1930s. 

 The network was built by means of precise leveling with a start gauge point 

at Gaza to define the zero level/mean sea level (MSL). 

 The loops were used to connect main cities with main interest of water 

sources leveling.

 level instruments without the use of gravity data.

 The position of these points was not documented by coordinates

 Last densification 1970s-1980s
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Introduction : Ellipsoidal vs Orthometric
 Ellipsoidal height (h): geometric normal to the 

ellipsoid surface

 - h is normally measured by GNSS

 Orthometric height (H): define the direction of 

the plumb line referenced to reference 

equipotential surface (geoid)≈MSL

 - H is classically measured by precise Leveling

 Engineering heights are measured using 

orthometric heights

 Integration surface (Geoid ) is required

 Modern alternative is the Normal heights ( true 

geometry). Reference surface named 

QuasiGeoid.
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Height difference :  ΔH = Δh ???

 ℎ𝐵 − 𝑁𝐵 − (ℎ𝐴- 𝑁𝐴 )= 𝐻𝐵- 𝐻𝐴

 A geoid surface/model is required
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 True Earth potential W  by earth gravity (g) :  gravitational (V) + 

centrifugal (Ω)

 Normal Earth Potential U caused by normal gravity (γ)

 Disturbing potential  T = W-U 

Basic Relations
Global Geoid/Potential Model
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Local Geoid Modeling 7
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Geoid Models used in Palestine

 In GIS software global EGM2008 

and EGM96 are used by default

 In GNSS data collectors ILLUM12 

is used (GIS kriging low dense 

reference points in Westbank)
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Current status in Palestine

 Limited number of precise leveling benchmarks

 No gravimetric networks

 No astronomical networks

 No official Geoid Model to applied in all GNSS data collectors and GIS 
software

 Global models are not suitable for engineering levels of accuracies

 ILLUM12 has dense reference points in the occupied Palestine1948 and 
settlements' areas

 ILLUM12 is designed for IGD05/12 Datum in which GNSS networks are 
designed in Palestine

 ILLUM12 will not be compatible with the new geodetic datums in Palestine

 Is it possible that the PLA can adopt an Israeli Geoid ?
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The Idea of solution

 Due to difference o the reference frame of local and global model 

datums, a fitting approach can be applied

 7 parameters Moldensky transformation is applied due to the 

possible separation between vertical and horizontal control points
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Finite Elements Method
 The study area is divided to sub areas (Patch) to fit the 

global model

 Each Patch is divided to smaller elements (meshes)

 A mesh has geoid undulation by a polynomial 2nd or 3rd

order

 Continuity conditions between neighboring meshes are 
applied 

 C0: equality , C1: Slope , and C2: deflection

 Fitting points : definitions of the datum for the patches

 Fitted Global Models geoid undulations : define the mesh 
parameters

 Deflections of vertical : define the variations in change the 
directions
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Design in the Westbank
13
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Results

 The use of EGM2008 ( equivalently EIGEN06c4) for model 
densification could provide the best results

 Approximate patch size 50x50km and mesh size 5x5 km could 
provide the required accuracy

 1-3 cm geoid model could be achieved in the Westbank of Palestine

 The model can easily transformed to predefined grid file to be 
uploaded to GIS software and GNSS data collectors in different 
company defined formats : Leica, Stonex , Trimble, Carlson … etc.
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Conclusions

 The global geoid model are invalid for the direct use in precise GNSS positioning 
techniques like static observation and RTK positioning

 The use of ILLUM12 is invalid in the areas A and B, where no reference points 
were used in the modeling ( good results near the settlements and Highways e.g.: 
road 60 and 90. normally the points are renamed by U-points )

 The height system should be unified in all software and GNSS instrument by 
official adoption of a precise geoid.

 The precise leveling network must be updated and densified

 A geoid model must be compatible with any newly defined reference frame in 
Palestine

 A securing and usage policies must introduced by new laws to guarantee the 
sustainability of the defined frame

 Specifications and guidelines must be available to define the allowed field strategies 
by GNSS in different types of leveling works.
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