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MOTIVATION

= Lack of gravity observations in the eastern portion of the Gulf of
Finland

= A patch generated for the NKG2015 project using
GO_CONS_GCF_2_DIR_R5 evaluated up to degree 240

= Previous gravity- and geoid-related studies in the region have
hinted at geoid modelling problems:
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MOTIVATION

= SWOT-based geometric
geoidal heights can now
provide a detailed look into
potential gravimetric geoid
modelling errors
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MOTIVATION

= The more recent BSCD2000
quasigeoid model uses the
same patch as the NKG2015
model

TAL

Discrepancies are a bit
more constrained due to
new shipborne gravity
observations that were
not available during the
NKG2015 project
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MOTIVATION

= Discrepancies in the eastern 62°N
portion of the Gulf of Finland
replicate those of the
GO_CONS_GCF_2 _DIR_R5

= A new patch should be 61°N
derived for the NKG2026
project
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VALIDATION DATA

GNSS-levelling
= nkg2026_v01_gnsslev_Common_B
= Ellipsoidal heights: ETRF2014, zero-tide, epoch 2000.0
= |evelled heights: national EVRS realisations, zero-tide,
epoch 2000.0
SWOT-based geoidal heights

= Refer to the poster: An LSC-based framework for geoid-
consistent geometric height reference surface determination
in the Baltic Sea using SWOT altimetry

Gravity observations
= NKG2026++releaseBitmp
= FAMOS/BSCD2000: the final release + processing
All comparisons consider the region 59...62° N and 23...31° E
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VALIDATION NOTES

= Standard deviation of discrepancies between SWOT-based geoidal
heights and a model being evaluated is weighted using standard
uncertainties of SWOT-based geoidal heights

= Near-coast discrepancies are downweighted due to coastal
effects and extrapolation uncertainties

= Estimated accuracy of a global geopotential model is derived as:

. Any observation with an

1 a priori accuracy of

a’i\gﬁl:)atsfu?asc OgGM — Udiscrepanciesz _2 0;° €« <0.1 mGal had its

P Y \ i=1 accuracy reduced

/ \ to 0.1 mGal
Variance of Contribution from

TAL discrepancies observations
TECH 0.98 mGal>2



EVALUATION OF HEIGHT ANOMALIES

GNSS-LEVELLING

Upper degree limit
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EVALUATION OF HEIGHT ANOMALIES
SWOT-BASED GEOIDAL HEIGHTS

Upper degree limit
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EVALUATION OF GRAVITY ANOMALIES

Upper degree limit
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EVALUATION NOTES

= Using a satellite-only model, there would be no significant
improvement over the current GO_CONS_GCF_2_DIR_RS5,,, patch

= The distinct discrepancy signature remains

= Focusing on the eastern portion of the Gulf of Finland and the
area east of Finland, the most viable models for the patch seem
to be XGM2019 and WHU-CASM-UGM2025

= The latter is essentially an augmented XGM2019, with primary
contribution to the very high degrees
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EVALUATION NOTES

= Although SGG-UGM-2 agrees 62°N . /
well with validation data, it @ /
does not perform as well as %
XGM2019 in the eastern ° o
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EVALUATION OF XGM2019
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EVALUATION OF XGM2019

= The use of XGM2019 evaluated up
to degree 690 (up) or 2190 (down)
seems most optimal

= O-XGM2019690 —_ 4.80 mGal

Patch minus 0.42 mGal bias
u O-XGM20192190 —_ 4.54 mGaI

Patch minus 0.52 mGal bias
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PATCH GENERATION

= A new patch is generated (using the
harmonic_synth FORTRAN program)
analogously to the old one:

1.
2.

Rescale to zero-tide and GRSS80

Compute height anomalies and then
geodetic heights on a 0.01° x 0.02°
grid

Compute gravity anomalies on a
0.01° x 0.02° grid

Average gravity anomalies to a
0.10° x 0.20° grid

Retain gravity anomalies that are
no closer to observations than 0.05°
latitude and 0.10° longitude

= Considering also longitude <30° E
Remove the (~0.5 mGal) bias

of 134 data points

The generated patches consist
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QUASIGEOID MODELLING
REFERENCE So LUTION For details on TUT3A, refer to Schwabe et al. (2026):

https://doi.org/10.1007/s00190-026-02096-z

= The reference solution is 62°N - , 010
computed analogously to o J
TUT3A BSCD2000 solution o/
with a minor adjustment of N o/ 005
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QUASIGEOID MODELLING
XGM2019,,, PATCH

= The only difference with respect to the
reference solution’s processing is that
the used patch has been swapped

Test solution (XGM2019,44, patch)
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QUASIGEOID MODELLING
XGM2019,,,, PATCH

= The only difference with respect to the
reference solution’s processing is that
the used patch has been swapped

Test solution (XGM2019,,4, patch)
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CONCLUSIONS AND REMAINING WORK

= SWOT-based geoidal heights can be valuable for evaluating

gravimetric modelling solutions offshore, like GNSS-levelling
is used on land

= A gravity data patch generated using XGM2019 appears to
improve quasigeoid modelling accuracy in the eastern portion
of the Gulf of Finland compared to the original patch

= Remaining work:

= Some tests with spherical/ellipsoidal harmonic transformations

= Gravimetric quasigeoid modelling using TUM implementation
of least-squares collocation

= Prepare and distribute a report to working group members
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