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Realization of Vertical Reference Systems

Glooal 200rozch)

 globally homogenous approach based on
precise gravity field modelling

Wp = Up (hCNSS) + T,

satellite-only GGMs

= fully independent from LVDs
= low-frequency part obtained very precisely, however

overall accuracy affected by the truncation error

Continantal a00ro:eh) (e.g. EVRF2007)

* regional approach based on spirit levelling and
potential of the height reference surface W,

Cp = Cpj + W — Wy,

P
=y =Wy, =W, :Igdh
0i

Cp=-(Wp - W)

(CHAMP, GRACE, GOCE)
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“Geometrical (geoidal) strategy”

selection of the global reference value W,

ﬁ

3D vosition of gz20id W,

ﬂ

Offsets of LVDs from global W,

W,
SW dommA/- SW, /v,
neNSS _ H Orth N Wo) _ /
7/ quasigeoid a
zero degree term: : CIN
W, —-U
NO — _( 0 — 0)
4

Source: (Sanchez 2009)

EUREF-2015: Session 5 3'— 5 June 2015, Leipzig, Germany



- “Potential (quasigeoidal) strategy”

GELPLIENUANOTIRNENSATIHIISISUTIHCER | ~+value without its 3D position
Wp :/UP(hGNSS) + -EP Cp=-(Wp -Wp)
Assumptions: ; / ; \ ; ;
* to know precise 3D position of the Earth’s surface  determined on the Earth’s surface
- lands: 3D positioning by GNSS * independent from LVDs offsets

- oceans: altimetry

= directly from precise GGMs (e.g. EGM-2008, EIGEN-6C4)

— solving geodetic BVPs on the Earth’s surface:

- Molodensky problem

(globally inconsistent gravity anomalies)
- fixed gravimetric BVP

(globally consistent gravity disturbances)

(Remark: Quasigeoid is not an equipotential surface, however
¢p corresponds to T, on the Earth’s surface)
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Objective of this study

Glooal aporozer) » based on precise gravity field modelling

Wp = Up (h®NS9) + T, Cp=-(Wp - W)

GOCE-based satellite-only GGMs

= low-frequency part obtained very precisely:
“accuracy of 1 to 2 cm and a spatial resolution of about 100 km” (GOCE goal)

— affected significantly by stripping noise due to omission errors

v

necessary to model the high-frequency part

(combined GGMs, national (quasi)geoid models )

Oovjactivas

« to filter the geopotential:

= on the DTU13_MSS model generated from the GOCE-based GGMs

= on the geoid surface obtained from a transformation of quasigeoid models
* local realization:

= combination of GNSS 3D positioning and local quasigeoid models
to determine physical heights within a levelling lines
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Nonlinear diffusion filtering on a closed surface

Linear heat equation on a (closed) surface: u(X, 1)
= Agu(X,t)
ot )
ou _
e = Vgs.(Vgu) Ag - the Laplace-Beltrami operator
-

Raqgularizae surfaeca PV mocdz

- nonlinear parabolic PDE

Edge detector

ou

at

Vg (g(|Vgu?|)Vagu) V. - surface gradient

1

ag(v) =

2
1+H|Vu°|

More details: Cunderlik R, Mikula K, Tunega M (2013) Nonlinear diffusion filtering
of data on the Earth’s surface. Journal of Geodesy, Vol. 87(2), pp. 143-160
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I (SH up to d/o 300)
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Geopotential from GOCE-DIR5 on DTU13 MSS
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Geopotential from GOCE-DIR5 on DTU13 MSS
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Geopotential from GOCE-DIR5 on DTU13 MSS
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Geopotential from GOCE-DIR5 on DTU13 MSS
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ISSION errors

due to om

ipping noise
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Europe

MDT from GOCE-DIR5 on DTU13 MSS In

(SH up to d/o 300)
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MDT from GOCE-DIR5 on DTU13_MSS in Europe

2 jtaraiions
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MDT from GOCE-DIR5 on DTU13_MSS in Europe
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MDT from GOCE-DIR5 on DTU13_MSS in Europe
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MDT from GOCE-DIR5 on DTU13_MSS in Europe
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MDT from GOCE-DIR5 on DTU13_MSS in Europe
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 Filtered satelite-dnly MDT and tide gauges

: Relations ggiwesn Eurggesr)

ziis|litz=only VD CadelhE rafare,
Satsllits-only MDT naiionzal neignt referencs sysiarms
ane EVRFZ2007

(source: http://www.bkg.bund.de)

Reference tide gauges

- Alicante - Cascais - Kronstadt I:l Cstend
- Amsterdam - Constanta l:I Malin Head |:| Trieste
l:l Antalya - Dures I:l Marseilles - other

l:l Belfast - Genoa - Newdyn |:| no information
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http://www.bkg.bund.de/

Validation of q.uasigeoid models by GOCE-DIR5

Quasigzoid moczls

combined GGMs

= EGM-2008 ( SH up to d/o 2190)
= EIGEN-6C4stat ( SH up to d/o 2190)

continental quasigeoid models - gravimteric

— EGG-2008 (European Gravimetric Quaéigeoid)

3D vosition of ina 2quigoitantizal surfaeca

e transformation from-quasigeoid to geoid

| A
correction: |corr =N —¢ =298 1
| 7

... approximate relation !!!

( zero degree term: Ny =-0,21m)
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GOCE-DIRS on EIGEN-6C4
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GOCE-DIRS on EIGEN-6C4
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GOCE-DIRS on EIGEN-6C4
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GOCE-DIRS on EIGEN-6C4
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GOCE-DIRS on EIGEN-6C4
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GOCE-DIRS on EIGEN-6C4
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Filtered W from GOCE-DIR5 on geoid models

E[GEN-§C4 : =26VY-2003 : 2662003
(SH up to d/o 2190) (SH up to d/o 2190) (European Gravimetric Quasigeoid)
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Filtered W from GOCE-DIR5 on geoid.models -

E[GEN-5§C4 : =26)Y-2003 : E6G62003
(SH up to d/o 2190) "~ (SHuptod/o2190) (European Gravimetric Quasigeoid)
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‘Local realization in central Slovakia
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L Tested qUasigeoid.modeIs'. . i
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GNSS-LeveIIing. test
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[m] :

0,1

0,05

-0,05

82 points:
0.1 (1 removed)

BEM 20.3 3.7

DVRM 21.4 3.9

EGM-2008 27.3 4.6

EIGEN-6C4 25.8 4.5
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GNSS-LeveIIing. test
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Conclusions

Realization of EVRS

= based on gravity field modelling is till limited due to a demand for precise
quasigeoid models with a real “cm-level” accuracy

= low-frequency part obtained form the GRACE\GOCE-based satellite-only GGMs
provides an essential basis

= however it is practically inevitable to model high-frequency part:

- combined GGMs (EGM2008, EIGEN6C4stat) still need improvements
- precise national (quasi)geoid models based on reliable terrestrial
gravimetric measurements are very welcome (fixed gravimetric BVP!!!)

= our validation of candidates for “the European (quasi)geoid” using GOCE-DIR5
and nonlinear diffusion filtering shows:

- some systematic tendencies up to several cm
- -in high mountains (e.g. Alpes) it can be problem of inaccurate corrections
(¢=N)
- reducing of stripping noise of the satellite-only MDT provides its better
relationship to the 3D positions of the geoid models in coastal areas
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