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of its practical realization, and the roadmap for the 
transition and implementation of the new chart datum 
(CDWG8, 2016).

According to this, the BSCD2000 adopts already 
established European geodetic standards for co-
ordinates and heights, i.e., the European Terrestrial 
Reference System 1989 (ETRS89; EUREF, 1990) 
and the European Vertical Reference System (EVRS; 
Ihde et al., 2007; Sacher & Liebsch, 2019). The zero 
level – like for most national height systems around 
the Baltic Sea – is defined by the Normaal Amster-
dams Peil (NAP). Thus, it does not coincide any-
more with the local MSL. The practical realization of 
BSCD2000 is based – as far as possible – on the 
national geodetic reference frames, data and servic-
es (BSCD2000 Specifications, first draft 2016; last 
updated as in Ågren et al., 2023). An overview of the 
national realizations is provided in Table 1.

The essential component for the practical realiza-
tion of the BSCD2000 is a model of the unified height 
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Release note for the BSCD2000 height 
transformation grid

1 Introduction
A unified Chart Datum for the whole Baltic Sea is re-
quired for the use of global navigation satellite sys-
tems (GNSS) in accurate 3-D bathymetric surveying 
and navigation, enabling for automated shipping with 
increased efficiency and improved maritime safety. 
So far, the zero levels of nautical maps were derived 
from the mean sea level (MSL) of different local tide 
gauges. The inherent height datum differences be-
tween neighboring map sheets are a fundamental in-
frastructural obstacle for implementing and using new 
cross-border navigation services based on electronic 
nautical maps. The Baltic Sea Hydrographic Commis-
sion, with its Chart Datum, Water Level and Currents 
Working Group (CDWCWG), has therefore decided 
to implement a harmonized vertical reference in the 
Baltic Sea (BSHC18 conference, 2013; Schwabe et 
al., 2020) called the Baltic Sea Chart Datum 2000 
(BSCD2000). The first milestone was the agreement 
between the Baltic Sea countries on the fundamen-
tal standards of the BSCD2000, the general features 
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reference surface for the whole Baltic Sea region – 
the geoid. Comparable national models have become 
available in the participating countries (sometimes 
covering the land parts only) and are used for GNSS-
based height determination in numerous applications. 
Modern and quality-controlled gravity surveys are a 
prerequisite to modeling the geoid accurately. Due 
to the logistical challenges of marine gravimetric sur-
veys, the available information for the geoid modeling 
in the Baltic Sea area has been incomplete and partly 
outdated and did not fulfill the current requirements.

Under the framework of the project FAMOS (Final-
izing Surveys for the Baltic Motorways of the Sea) 
co-funded by the European Union (EU), large parts 
of the Baltic Sea could be remeasured or even meas-
ured for the first time (e.g., Liebsch et al., 2022). Data 
exchange and cooperation were stimulated, including 
a new pooling of the data (gravity database hosted at 
DTU Space, maintained by Gabriel Strykowski) and 
cross-checking.

In most areas of the Baltic Sea, the available da-
ta now fulfills the requirements (in terms of accuracy 
and data density) to compute a geoid model accord-
ing to the BSCD2000 specifications (see Section 2). 
The most significant areas void of reliable data remain 
over Russia, in particular close to St. Petersburg 
and Vyborg (Fig. 1). Further work is ongoing in the 
southeast part of the Baltic Sea (Poland and the Bal-
tic countries) within the project BalMarGrav, co-fund-
ed by the EU under the Interreg Baltic Sea Region 
2021/27 Programme (Grant no. #S009)1.

Table 1  Current national realizations of BSCD2000 (ETRS89 coordinates and EVRS-compatible heights) and official height reference surfaces. Although Denmark’s height 

system is formally orthometric, the differences between orthometric and normal heights (or geoid and quasigeoid, respectively) are negligible in practical applications due 

to the country’s flat topography. Ellipsoidal heights in the national ETRS89 realizations refer to the tide-free convention, whereas physical heights are formally computed 

according to the zero-tide convention (exceptions: tide-free for DVR90 in Denmark and mean tide for DHHN2016 in Germany; actual numerical height differences from this 

are insignificant). Part of the information was taken from (Häkli et al., 2016).

Country National height realization National ETRS89 realization National height reference surface

DE Germany DHHN2016 ETRS89/DREF91/R2016 GCG2016

DK Denmark DVR90 EUREF-DK94 DVR90(2023)*

EE Estonia EH2000 EUREF-EST97 EST-GEOID2017

FI Finland N2000 EUREF-FIN FIN2023N2000*

LT Lithuania LAS07 LKS-94 (EUREF-NKG-2003) LIT20G

LV Latvia LAS-2000,5 LKS-92 LV’14

NO Norway NN2000 EUREF89 Href2018b

PL Poland PL-EVRF2007-NH PL-ETRF2000 PL-geoid2021

SW Sweden RH2000 SWEREF99 SWEN17_RH2000

Fig. 1  FAMOS gravity database, status 26 Dec. 2022. Shipborne campaigns since 2013, conducted 

partly within the FAMOS project, are shown in blue color. Airborne campaigns from the same period 

are shown in purple color. Gridded data over Poland are shown in yellow color. Less accurate fill-in 

data over Russia and Belarus are shown in red color. Fill-in data synthesized from a satellite-only 

global geopotential model in the region around St. Petersburg (Russia) are not included.

* Upcoming model to be published soon.
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leveling at selected benchmarks), which also allows 
for an independent validation and accuracy assess-
ment of the gravimetric quasigeoid solutions.

2.1 Gravimetric quasigeoid solutions
Four analysis centers participated in the final compu-
tations for this first release:

	• Lantmäteriet, Sweden (LM): J. Ågren
	• Federal Agency for Cartography and Geodesy, 

Germany (BKG): J. Schwabe, G. Liebsch
	• Tallinn University of Technology/TalTech, Estonia 

(TUT): S. Varbla, A. Ellmann
	• Technical University of Denmark – National Space 

Institute (DTU Space), Denmark (DTU): H. Teitsson, 
R. Forsberg

A redundant computation is another necessary 
means of quality control. Potential errors in a single 
solution or the data can be detected and analyzed. 
Different methods, background models, and soft-
ware implementations contribute to double-checked 
results and provide empirical accuracy estimates de-
scribing the analyst noise.

On the afore-described basis, the first BSCD2000 
height transformation grid has been computed and is 
now ready for release.

2 Preparation of the BSCD2000 height 
transformation grid

This summary only addresses the general outline 
of the geoid computation and shall provide an im-
pression of the results and the accuracy of the 
BSCD2000 height transformation grid. A technical 
description of the procedure and detailed analysis 
has been compiled in an internal report; a scientific 
publication is planned.

The process to derive the BSCD2000 height 
transformation grid was divided into two main 
phases. In the first phase, gravimetric quasigeoid2 
solutions were computed by different computation 
centers. In the second phase, the transformation 
grid was constructed by merging and fitting the 
gravimetric solutions to the national height reference 
realizations according to the BSCD2000 specifica-
tions. The fitting procedure is based on the data-
sets of geodetic land surveying (GNSS heights and 

Table 2  Validation of gravimetric quasigeoid solutions: standard deviation estimates of GNSS/leveling residuals (homogenized GNSS 

reference frame ITRF2008) in cm. Abbreviation AR means merged residuals of all countries after subtracting the mean value per country. 

Abbreviation SR means merged residuals of selected countries after subtracting the mean value per country (Norway is tentatively ex-

cluded since it is outside the current implementation area of BSCD2000). Column No. shows the number of GNSS/leveling control points.

Country BKG LM DTU TUT Mean No.

DE Germany 1.0 1.2 2.0 1.6 1.2 100

DK Denmark 1.6 1.8 1.9 1.8 1.7 121

EE Estonia 0.9 0.8 1.0 1.1 0.7 131

FI Finland 1.5 1.7 2.1 1.9 1.6 47

LT Lithuania 1.7 1.7 1.9 1.8 1.7 250

LV Latvia 1.7 2.1 1.8 2.1 1.9 84

NO Norway 2.9 2.1 2.4 2.5 2.3 473

PL Poland 1.2 1.2 2.6 1.4 1.4 29

SW Sweden 1.8 1.7 2.0 2.1 1.8 182

AR all 2.1 1.8 2.1 2.1 1.8 1417

SR
without 
Norway

1.6 1.6 1.8 1.8 1.6 944

1 https://interreg-baltic.eu/project/balmargrav/ (accessed 2 Oct. 2023).
2  The conceptual difference between the geoid and quasigeoid is a geodetic detail, which is only relevant on land at higher altitudes (e.g., Flury & Rummel, 2009; Sjöberg, 

2010; Schwabe et al. 2017). Therefore, the terms can be used synonymously for marine applications.
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eas, and methods. A blending with the national 
models was conducted to avoid discontinuities 
in the BSCD2000 grid. The national models were 
first merged using a transition zone (cosine ta-
per) of 10 km to both sides of the national land 
and sea borders. This intermediate grid was then 
merged with the result of step 2. To this end, the 
transition window (10 km cosine taper) was de-
fined seaward from the coastline.

The fitting and blending procedures ensure compat-
ibility of the BSCD2000 height transformation grid 
with the national height reference frames from the 
land surveying so that no differences occur along the 
coast (apart from interpolation effects and minor ad-
justments at the national land borders). Such seam-
less transitions are essential for practical applications 
in the near-coastal areas.

A combined error estimate of the BSCD2000 mod-
el, consisting of the standard deviation of the mean 
gravimetric quasigeoid model and the prediction error 
of the corrector surface, is presented in Fig. 3. Again, 
the typical accuracy is 1–2 cm.

Table 2 shows the main validation results, i.e., 
standard deviations of residuals between the gravi-
metric quasigeoid solutions and the respective GNSS/
leveling data. The solutions of all analysis centers fea-
ture an equally high accuracy of about 2 cm (at most 
3 cm) in terms of standard deviation for all models and 
all countries. This consistency implies that the models 
perform practically equally in all regions. At the same 
time, intra-model comparisons indicate a similar lev-
el of agreement for the ensemble mean (Fig. 2). This 
measure keeps below 1 cm in most areas of the Bal-
tic Sea, whereas 2 cm occur only very locally. Due 
to the data gap, the models deviate stronger in the 
Russian part of the Gulf of Finland (ca. 3 cm close to 
Vyborg behind the Finnish border).

Thus, the formal compliance of the gravimetric 
quasigeoid model with accuracy requirements follow-
ing the BSCD2000 specifications (5 cm standard un-
certainty) is confirmed. An exception is a very local-
ized part of Russia, which is currently not cooperating 
regarding the BSCD2000. The primary reason for the 
more significant uncertainties there is due to miss-
ing gravity data. Also, the models cannot be inde-
pendently validated in these areas because GNSS/
leveling data are unavailable for Russia. On the other 
hand, this contrasting uncertainty demonstrates the 
benefit of the new marine gravity data collected in 
other areas, e.g., within the FAMOS project, allowing 
consistent modeling of the quasigeoid.

2.2 Computation of the BSCD2000 height transfor-
mation grid
The principal steps to construct the seamless and 
harmonized BSCD2000 height transformation grid 
are as follows:

1. Merge the gravimetric quasigeoid solutions of 
the four analysis centers into one master solution.

Here, it was decided to apply a pointwise 
weighted mean based on the statistics in Table 2. 
Note that this gravimetric quasigeoid model does 
not yet refer to BSCD2000 but to a global zero 
level as defined by the potential of the Geodetic 
Reference System 1980 (GRS80; Moritz, 1980).

2. Compute a corrector surface by least-squares 
interpolation to fit the gravimetric quasigeoid mod-
el to the national geodetic references.

This procedure accounts for minor regionally 
correlated differences between the gravimetric 
quasigeoid model and the national geodetic ref-
erence frames around a few centimeters. The re-
sulting model represents the offshore areas in the 
BSCD2000 quasigeoid grid.

3. Blend with the official national (quasi)geoid 
models on land by appropriate tapering.

The geoid model after step 2 still contains dif-
ferences relative to the national geoid models 
(typically 1–3 cm) along the coast and on the 
mainland due to different input data, modeling ar-

Fig. 2  Pointwise standard deviation of the arithmetic ensemble mean.
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to the BSCD2000 specifications (Ågren et al., 2023). 
This means that it is fitted to GNSS/leveling bench-
marks and coincides with the national geoid models 
on land and at the coastline, except for minor effects 
at the cm level due to resampling effects between 
grids and discrepancies in the transition zones along 
national borders.

The merged gravimetric quasigeoid model shall be 
published as a by-product for scientific applications 
in geodesy and ocean modeling. These include, e.g., 
the International Height Reference Frame (IHRF), the 
European Height Reference Surface (EHRS), or a 
combination with altimetry to compute an improved 
geodetic model of the mean dynamic ocean topogra-
phy of the Baltic Sea.

Data attribution
Information for GNSS/leveling data of Poland is hosted at the 

ASG-EUPOS reference stations website: https://www.asgeup-

os.pl/index.php?wpg_type=syst_descr&sub=ref_st (accessed 

11 Oct. 2023).

The national geoid model for Poland PL-geoid-2021 (© GUGiK) is 

available as open data under license CC-BY 4.0 via the follow-

ing websites (accessed 11 Oct. 2023): http://www.gugik.gov.

pl/bip/prawo/modele-danych, https://www.isgeoid.polimi.it/

Geoid/Europe/Poland/Poland_2021.html 

All other datasets were provided actively by the co-authors or 

used under license.
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grid is harmonized with the current national geodet-
ic realizations of coordinates and heights according 

Fig. 3  Total error estimate of the BSCD2000 grid over the marine area, computed by the sum of 

squares using the standard deviation of the weighted ensemble mean of the gravimetric quasigeoid 

solutions and the prediction error of the corrector surface.
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