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Background

* GNSS measurements by Estonian Land and Spatial
Developement Board in 2020-2022

/6 of the second-order RGV points in southern Estonia

e The aim of the re-measurements:;
*To assess the quality of the network,

e TOo validate the coordinate transformation
parameters,

 To Integrate the second-order network with the
ESTPOS GNSS station network
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Objectives

 Calculate the coordinates of the measured points at
the measurement epoch (mean epoch 2021.32),

 Transform the coordinates into the Estonian national
ETRFO6 realization EUREF-EST9/ according to the
NKG2020 transformation algorithm and determine the
transformation residuals,

* Assess the suitability of the NKG2020 transformation
parameters for the test dataset,

 Assess the deformation of the geodetic network and
therebyl/(the need to update the realization of the
network.
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Data

GNSS observations
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Year of measurement

2020
2021
2022

Total observation time (h)

Year | Noof |Sess.|Rec. Rec. Instruments
meas. | dur. | int. | signals (Leica)
Pt | (h) | (s)

2020 23 3-8 | 5 |GPS+ GLO GRX1200GGPRO+
(L1+12) LEIAT504GG

2021 47 6-9 | 5 |GPS+ GLO | GRXI200GGPRO+
(L1+12) LEIAT504GG

2022 6 6-9 | 5 |GPS+ GLO|GRX1200GGPRO+
LEIAT504GG

(L1+L2)




® RINEX 2.11 — GPS code
and phase observations

® |onosphere-free linear
combination

® 7.0° elevation cut-off angle

® Flevation-dependent
weighting: sin(E)

® JPL IGb20 precise satellite
orbits and clocks

® JPL Earth orientation
parameters (EOP)

® |GS20 antenna phase
centres (PCO / PCV)

GNSS data processing chain — GipsyX PPP

o Observations e Reference products o Correction models o Estimation

® Troposphere: VMF1 mapping;
zenith wet delay and gradients
as random walk

® |onosphere: 2nd-order effect
from global IONEX maps

® Solid Earth and pole tides
(IERS conventions)

® Qcean tidal loading: FES2014b
and ocean pole tides

Cartesian coordinates with covariance matrices in ITRF2020, mean epoch 2021.32

® GipsyX 2.3 — precise point
positioning (PPP)

® Widelane and narrowlane
ambiguity resolution

® Per-point combination of
sessions (stafit)

76 points observed - 61 points selected for further analysis (o of every coordinate component < 1 cm, 2 2 sessions)




Results: standard error of

&

coordinates (mm)

Statistic X Y / N E U
Mean 2.7 1.5 4.2 3] 1.8 3.8
Min 1.3 0.8 2.2 1.6 0.9 2.0
Max 9.9 4.9 12.9 10.3 6.3 12.0
STDEV 1.5 0.7 2.0 1.6 0.9 1.9
RMS 3] 1.7 47 3.4 2.0 4.2




New Measurements

|

Frame: ITRF2020

GipsyX (61 points)
Epoch: 2021.32

Historical Data

GPA database (61 points)
Frame: ETRF96

Epoch: 1997.56

Transformation and
epoch conversion
NKG_RF17vel

v
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Frame: NKG_ETRF14
Epoch: 2000.0

N

Epoch conversion
NKG_RF17vel
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Frame: NKG_ETRF96
Epoch: 2000.0
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Parameter estimation

(Least squares)

Transformation parameters
hetween NKG_ETRF14 &
NKG_ETRF96

Transformation «

para meters

a poste-
Source | Ty (m) | Ty, (m) | T, (m) | D (ppb) |Ry (Mas)|Ry, (Mas)|R, (mas)| rioria,

(mm)
Calcula- | +0.06812 | +0.19329 | -0.24692 | +19.529 | +3.85720 | -4.69049 | -5.91339 794

ted

NKG2020

-0.05027

-0.11595

+0.03012

+3.191 -3.10814

+4.57237

+4.72406

2.26

EUREF:

NKG2020trans:
ITRFyy(t)

Nat. ETRS89




59°N -

58°N A
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Comparison of transformations

Residuals with calculated parameters

“| RMS dX = 6.61 mm

RMS dY = 7.17 mm
RMS dZ = 9.32 mm

RMS 3D = 11.89 mm

59°N -

58°N 1

NKG2020 transformation residuals

“] RMS dX = 8.32 mm

RMS dY = 9.74 mm
RMS dZ = 10.16 mm

RMS 3D = 16.35 mm




Campaigns

2020-2022 GNSS campaign 1997 GNSS campaign
ETRF2014 coordinates ETRF2014 coordinates
Mean epoch: 2021.32 Mean epoch: 1997.56

Intraplate deformations
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Derivation of NEU

@ coordinates

59°N

Computation of horizontal
and vertical differences

58°N

Assessment of magnitude
of changes
(Eurasian intraplate
deformations /
Fennoscandian postglacial
land uplift)

22°E 23°E 24°E 25°E 26°E 27°E 28°E




Inner deformation of the network

&

Change of distance 1997-2021 Change of height difference 1997-2021
1 1

1000 A

800 4

_2 _Il Change of dic;tance (ppm) :'L é _ o e _O&IEhange of hgi;;ht differencgl(?)pm) 170 1r5
Parameter Mean Std.Dev Min Max
change of -0.039 0.224 214 216
distance (ppm)

Change of height -0.004 0.301 -150 172
difference (ppm)
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Inner deformation of the network

Shear Strain

59°N 1

58°N -

Dilatation
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Conclusions

- Transformation Suitability: Both the newly estimated parameters and the official
NKG2020 model achieve cm-level accuracy. The NKG2020 transformation is fully
applicable for Southern Estonia without needing a separate regional model.

- Methodological Insight: Due to the ill-conditioning of Helmert transformations for
small networks, transformations should be evaluated by their effect on coordinates
rather than by comparing highly correlated individual parameters.

 Horizontal Stability: The internal horizontal geometry of the network has remained
highly stable over 24 years (~0.2 ppm), fulfilling ordinary surveying requirements
without requiring an immediate realization update.

- Vertical Deformation: Accumulated vertical land uplift (up to ~5 cm over 24 years) is
significant for high-accuracy tasks and aligns well with the NKG2016LU model.

» Future Outlook: Localized deformation extremes likely indicate individual station
stability issues rather than regional crustal movements. Continuing with a semi-
dynamic, NKG2020-based approach and refining crustal models is recommended
for long-term stability.
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Aitah! Thank You!
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