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Outline

Fixed Geodetic Boundary Value Problem (GBVP)

Minimizing the truncation error

Determining height datum offsets

Conclusion and outlook
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Fixed Geodetic Boundary Value Problem

Boundary values: gravity disturbances

𝛿𝑔 = 𝑔 𝑃 − 𝛾 𝑃 , 𝑃 on Earth′s surface

for 𝛾 𝑃 , latitude and ellipsoidal heights must be known (GNSS)

Linearized, spherical boundary condition: 𝛿𝑔 = −
𝜕𝑇

𝜕𝑟

Approx. solution:

𝑇 ≈
𝑅

4𝜋
ඵ

𝜎

𝛿𝑔 ∙ H 𝜓 d𝜎
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Truncation error
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Data: EGM2008-derived gravity disturbances (5´ x 5´) in spherical 

approximation on the surface of a sphere

Test point in central Europe, height anomaly 𝜁 =
𝑇

ഥ𝛾
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Modifications of Hotine’s function
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𝜁 = 𝜁GGM
𝑁 +

𝑅

4𝜋ഥ𝛾
∙ 𝛿𝑔) − 𝛿𝑔GGM

𝑁 ) ∙ H 𝜓 d𝜎

Incorporating a geopotential model (N=200)
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𝜁 = 𝜁GGM
𝑁 +

𝑅

4𝜋ഥ𝛾
∙ 𝛿𝑔) − 𝛿𝑔GGM

𝑁 ) ∙ H 𝜓 d𝜎

Incorporating a geopotential model (N=200)
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Modification acc. Heck&Grüninger 𝑁 = 200 , 𝜓max = 3°

RMS = 4.23 mm

Truncation Error
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Unification of height datums

Closed-Loop-Simulation for offset determination

Transformation of gravity anomalies to disturbances

Numerical integration at GNSS-leveling Points 𝑃𝑗
𝑖

ቮ𝜁𝑖 −
𝑅

4𝜋𝛾
ඵ

𝜎𝑘

H 𝜓 Δ𝑔𝑖 +
2

𝑅
𝑇 d𝜎

𝑃𝑗
𝑖

= 𝛿𝐻𝑖 +

𝑘=1

𝑛

𝛿𝐻𝑘 ⋅ ቮ
1

2𝜋
ඵ

𝜎𝑘

H 𝜓 d𝜎

𝑃𝑗
𝑖

Estimation of height datum offsets 𝛿𝐻𝑖:

𝛿 𝐻 = (𝐀𝐓𝐀)−1𝐀𝐓𝒍

Comparison of estimated and initial offsets

24.04.2017

𝒍
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Unification of height datums

Choice of height offsets added to EGM2008 data
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(see Grombein et al., 2016)
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Unification of height datums

Enlarging the integration radii around test points
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Unification of height datums

Determining height datum offsets (closed loop)

Using GGM (𝑁 = 200) and modification acc. H&G with 1 computation 

point per datum zone
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Conclusion

Results of the simulation

Error of height anomalies and height datum offsets with one computation 

point per zone and use of GGM with 𝑵 ≥ 𝟐𝟎𝟎 and H&G-modification: 

< 1 cm at 3° integration radius

Outlook

Non-linear, ellipsoidal and topographic effects

Use of stochastic data

Implementation with real data
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Numerical Integration

Difference of integrated height anomalies 𝜁 =
𝑇

ഥ𝛾
and EGM08-setpoints

Discrepancies of up to 12 cm (6 mm RMS)

Improvement through higher order of quadrature or smaller integration 

grid size → Discretization errors
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First results with real data
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Incorporation of a geopotential model

(𝑁 = 200), test point Himalaya:
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Cause of different height datums
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Geodetic Boundary Value Problems
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Height and Gravity Definitions
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Impact of the modifications on height anomaly
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Incorporating of a geopotential model (GGM)
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𝜁 = 𝜁GGM
𝑁 +

𝑅

4𝜋 ҧ𝛾
∙ඵ(𝛿𝑔 − 𝛿𝑔GGM

𝑁 ) ∙ H 𝜓 d𝜎

Meissl-Modification:


