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1 Introduction 

In the period April 18 to June 15, 2023, a marine gravity campaign was 
conducted outside the Latvian coast. This campaign was performed within 
the BalMarGrav project by Lantmäteriet and the Latvian geospatial 
information agency (LGIA) with support from Riga Technical University. 
The main aim of the campaign was to collect new data which could be used 
within the BalMarGrav project to validate the historical marine data in the 
Latvian waters. In total, the campaign consisted of six weeks of 
measurements, during which the ship covered a total distance of about 15 
000 km. 

2 Preparations 

The first task was to find a ship for the measurements. Initially, it was 
planned to use the hydrographic survey ship Kristians Dahls. However, a 
disadvantage with that ship would be that it would be a pure so-called 
piggy-back campaign, with very small possibilities to influence the route of 
the ship. The normal routes of a hydrographic survey (relatively short lines 
in a dense area) are not ideal for marine gravity measurements. 

An alternative ship was found through the connections of LGIA to the 
Latvian Naval forces. They offered us to use one of their patrol boats: P-09 
“Rezenke” (see Figure 2-1). With this ship we were able to highly influence 
the route. The ship still did its normal duty of monitoring Latvian waters 
during the campaign, which meant that occasionally they had to divert from 
the planned route to go off and do other tasks. Nevertheless, due to the long 
duration of the campaign, this meant that we were able to get an excellent 
coverage of the Latvian waters. 

The installation of the gravimeter, Lantmäteriet’s marine gravimeter ZLS 
D13, was done in Riga on April 18, 2023, by Örjan Josefsson and Tobias 
Nilsson. The gravimeter was installed in a small storage room (see Figure 
2-2) located relatively close to the center of the ship, which is the preferred 
placement of a marine gravimeter on a ship, however it was not possible to 
find a space that also was close to the sea level which is even more ideal. 
After the installation, a small test trip of about 45 minutes was made to 
confirm that everything worked fine. The LGIA employees who were going 
with the ship during the measurements received basic instructions on how to 
handle and operate the gravimeter. 
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Figure 2-1: The Latvian Naval Forces patrol boat P-09 "Rezekne", which was used in the campaign 

(source: https://www.flickr.com/photos/latvijas_armija/albums/72157642632471605/). 

 

 

Figure 2-2: The ZLS D13 marine gravimeter installed on Rezekne. 

https://www.flickr.com/photos/latvijas_armija/albums/72157642632471605/
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3 The measurements 

The campaign started on April 19 and ended on June 15, 2023. An 
employee from LGIA was going with the ship all the time to check that the 
gravimeter worked properly. A map of the planned route can be seen in  
Figure 3-1. The selected good parts are showed in Figure 3-2. There were 
two longer breaks in the measurements – May 12-18 and May 26-31 when 
the ship stayed in harbour – thus the campaign produced about six weeks of 
measurements. Furthermore, the ship made shorter harbour stops every 1-4 
days, either in Riga or in Liepaja, to get harbour ties needed for calibrating 
the drift of the gravimeter.  

In general, the weather was nice during the campaign, although there were a 
few days with stronger winds and larger waves. The gravimeter worked fine 
during most of the campaign. The only major problem was that the 
gravimeter computer crashed on June 6. With remote assistance from Örjan 
Josefsson, the computer and the gravimeter were restarted on June 7, and 
after that everything worked well until the end of the campaign. 

After the end of the campaign, on Jun 16, 2023, the gravimeter was 
dismounted by Per-Anders Olsson and Thomas Eiderman from Lantmäteriet 
and brought back to Sweden. 

LGIA personnel on board during the measurements: 
Vents Zuševics, , , Aigars Keiselis and 

.  

BalMarGrav's partner, Riga Technical University, participated directly in 
the selection of the ships, installation of the marine gravimeter, preparation 
of measurements, removal of the gravimeter from the ship, as well as 
support measurements. 
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Figure 3-1: The planned routes covered by the ship during the campaign Different colors represent 

different weeks 

 

 
Figure 3-2: Selected parts with good gravity data. 

4 Harbour ties 

In order to calibrate the drift of the gravimeter, harbour visits need to be 
made every few days to a harbour point with known gravity. During the 
campaign, harbour visits was regularly made to the harbours in Riga and 
Liepaja. In total, the ship was docked at six different locations during the 
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harbour visits, three in each harbour. Thus, the gravity values of these six 
points needed to be measured. 

This was done by first doing absolute gravity measurements at points close 
to the harbours, this was done on August 1-3, 2023, by colleagues Institute 
of Geodesy and Cartography in Poland, using the A10-020 absolute 
gravimeter. Then the gravity at the harbour points were determined by doing 
relative gravity measurements between the absolute gravity points and the 
harbour points. The measurements in Liepaja were performed on May 22 
and June 20-22 and the measurement in Riga were performed on June 26, 
all measurement were done by LGIA using two Scintrex instruments 
simultaneous CG-5-0333 and CG-6-0449. 

5 Data analysis and Results 

The data collected in the campaign was analyzed with an in-house software 
developed at Lantmäteriet. The data was carefully investigated to remove 
bad measurements, e.g., around turns, when the ship changing speed, or 
during bad weather. 

The results were compared to the gridded data used for the NKG 2015 geoid 
model, see Figure 5-1. There are some small parts between the flight lines in 
the western part of the area where the new observations differ from the grid. 
That indicates some problem with the NKG 2015 grid between the 
flightlines. We can also note a few areas where our measurements 
consistently deviate from the NKG database, indicating problems with the 
old data. The new data will help to improve the gravity map and in the end 
the geoid. 
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Figure 5-1: Results compared to NKG 2015 grid. NKG – Latvia measurements. Black dots represent 

already existing data points in the NKG gravity database. 

Figure 5.2 shows the internal crossovers, i.e., comparison of the gravity 
values at points crossed by the ship several times during the campaign. The 
results look fine, the RMS (Root-Mean-Square) and the standard deviation 
for all crossover for selected lines are less than 0.9 mGal. Typically, we 
consider the results to be good if those values are less than 1 mGal. 
 
Here are the statistics: 
 
Nr of crossovers: 1506 
Mean: -0.1298 
Min:   -4.2300      
Max:   2.8600       
StdDev: 0.8851      
RMS: 0.8943 
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Figure 5-2: Internal Crossovers. 

The results have been delivered to Gabriel Strykowski, DTU Space, in a 
standardized data format. He will include the data in the BalMarGrav part of 
the NKG database. 
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Institution responsible for the survey 

Institute of Geodesy and Cartography, Centre of Geodesy and Geodynamics 

Survey team 

PhD Przemysław Dykowski, PhD Marcin Sękowski, MSc Rafał Michałowski 

Measurement methodology 

• Absolute gravity survey 

Two independent setups, 8 sets each with 120 drops performed every second (in total 1920 

single drops per survey). 

• Vertical gravity gradient 

Using two gravimeters at the same time a schematic of ABABAB on a height difference 

~1 meter is performed. On each position at least two independent gravimeter readings are 

performed. 

• Relative gravity survey 

Using two gravimeters at the same time a schematic of ABAB is performed. On each 

position at least three independent gravimeter readings are performed. 

Gravity units used in the report 

0.001 mGal = 1 µGal = 1·10-8 m/s2 

Scope 

The gravity surveys described in the report are related to the BalMarGrav project and were 

performed with a direct intent to provide reference gravity values for marine gravity 

measurements conducted in the project as well as historic marine gravity campaigns. Two 

independent gravity campaigns were conducted, travel routes are presented in Fig. 1.: 

 

I. 2023.08.1-3 – Near the ports of Klaipeda (Lithuania), Liepaja and Riga (Latvia) – only 

absolute gravity measurements with additional vertical gravity gradient determinations 

with the use of A10-020 absolute gravimeter and LaCoste&Romberg G1012 and G1036 

gravimeters (participants: P.Dykowski, M.Sękowski) 

II. 2023.09.6-7 – Near the ports of Szczecin and Świnoujście – absolute gravity 

measurements, vertical gravity gradients as well as relative gravity surveys with the use 

of A10-020 absolute gravimeter and LaCoste&Romberg G1036 and G1084 gravimeters 

(participants: P.Dykowski, R.Michałowski) 

 



3 

 

 
 

Fig.1. Travel routes and stations included in the 2023.08-09 gravity campaigns within 

BalMarGrav project 

Information on stations and data used for the re-processing. 

A group of location is enlisted and described below. For each location a photograph from the gravity 

survey is included in the appendix. 

 

Absolute gravity stations: 

• Klaipeda (KLAI) 

Latitude:       55.723444 ° 

Longitude:       21.175222 ° 

Height above sea level:   15.64 m 
 

Location corresponds to the indoor absolute gravity station in Klaipeda in a military base. 

Coordinates and height are precisely determined. 

• Grobina (GROB) 

Latitude:       56.536362 ° 

Longitude:       21.168000 ° 

Height above sea level:   23.5 m 

 

Location corresponds to a field gravity station on the doorstep to a local school in Grobina, a 

city east of Liepaja. Coordinates and height are approximately determined within a few meters 

horizontally and 1 meter vertically. 

• Riga (RIGA) 

Latitude:       57.041616 ° 

Longitude:       24.038595 ° 
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Height above sea level:   1.9 m 

 

Location corresponds to a field gravity station under a steel shed in a military base in Riga. 

Coordinates and height are approximately determined within a few meters horizontally and 1 

meter vertically. 

• Szczecin (SZCZ) 

Latitude:       53.429430 ° 

Longitude:       14.564945 ° 

Height above sea level:   15.0 m 

 

Location corresponds to a field gravity station on a concrete block (north of the 3 entry blocks) 

in the entrance to the “Rotunda Południowa” historical monument in Szczecin. Coordinates and 
height are approximately determined within a few meters horizontally and 1 meter vertically. 

 

Relative gravity stations: 

• Szczecin, pier value next to the Nawigator Vessel (NAWI) 

Latitude:       53.428720 ° 

Longitude:       14.566492 ° 

Height above sea level:   1.8 m 

 

Location corresponds to the indicated by Gdańsk University of Technology pier position related 
to marine gravimeter position at the Nawigator XXI vessel of Maritime University of Szczecin.  

Coordinates and height are approximately determined within a few meters horizontally and 1 

meter vertically. Relative gravity surveys to this location were conducted with respect to SZCZ 

absolute gravity station described above. 

• Świnoujście, pier value related to the Petrobaltic marine gravity campaign 1978-1979 

(PETR) 

Latitude:       53.907497 ° 

Longitude:       14.260616 ° 

Height above sea level:   2.0 m 

 

Location corresponds to a pier location identified on a point description (included in the 

appendix) provided by the Polish Geological Institute – National Research Institute in relation 

to the Petrobaltic marine gravity measurement campaign conducted in 1979 in the Świnoujście 
pier of Władysław IV (“wybrzeże Władysława IV”). Coordinates and height are approximately 

determined within a few meters horizontally and 1 meter vertically. Relative gravity surveys to 

this location were conducted with respect to absolute gravity measurement conducted on the 

same pier by IGiK in 2018 within a contract with German BKG in relation to marine gravity 

survey by the Deneb vessel (code DENE). In the processing the absolute gravity value obtained 

in 2018 was corrected for the offset relation to ITGRF of -8.9 µGal. 
 

 

 

 

  



5 

 

SURVEY RESULTS 

Reprocessing explanation:  

The results are given in accordance to the IGRS2020 Conventions related to the ITGRF gravity 

reference level. Provided gravity values are given in the conventional zero-tide system. 

Corrections include body tided (Tamura catalogue), ocean tidal loading (FES04), barometric 

correction with standard -0.3 μGal/hPa coefficient, polar motion correction (IERS bulletin B 

final values) as well as self-attraction and diffraction corrections. Also there are included the 

most up to date laser frequencies and rubidium oscillator frequencies as well as a verified 

barometer offset. An offset of -12 μGal was added to the final absolute gravity values to provide 

a link to the ITGRF gravity reference level. Absolute gravity measurements were reprocessed 

at the effective height and further reduced to the benchmark level using the true determined 

vertical gravity gradient. 

Errors are provided at k=1, 67% confidence level. 

Campaign I. 

Absolute gravity surveys 

• Klaipeda (KLAI) – 2023.08.01 

Vertical gravity gradient: 

Wzz = -0.3040 ± 0.0059 mGal/m 

Absolute gravity value at benchmark level (0.0 cm) 

g0cm = 981547.765 ± 0.009 mGal 
 

• Grobina (GROB) – 2023.08.02 

Vertical gravity gradient: 

Wzz = -0.3137 ± 0.0087 mGal/m 

Absolute gravity value at benchmark level (0.0 cm) 

g0cm = 981642.989 ± 0.009 mGal 
 

• Riga (RIGA) – 2023.08.02 

Vertical gravity gradient: 

Wzz = -0.3036 ± 0.0039 mGal/m 

Absolute gravity value at benchmark level (0.0 cm) 

g0cm = 981658.397 ± 0.007 mGal 
Campaign II. 

Absolute gravity surveys 

 

• Szczecin (SZCZ) – 2023.09.06 

Vertical gravity gradient: 

Wzz = -0.3160 ± 0.0081 mGal/m 

Absolute gravity value at benchmark level (0.0 cm) 

g0cm = 981357.018 ± 0.009 mGal 
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Relative gravity surveys 

 

• Szczecin (NAWI) 

gSZCZ = 981357.018 ± 0.009 mGal 
ΔgSZCZ-NAWI = 3.554 ± 0.012 mGal 
gNAWI = 981360.572 ± 0.015 mGal 
 

• Świnoujście (PETR) 
 

gDENE = 981402.478 ± 0.009 mGal (IGiK, 2018 survey) 
ΔgDENE-PETR = -0.237 ± 0.006 mGal 
gPETR = 981402.242 ± 0.011 mGal 
 

All raw data files related to this report are in the possession of the Institute of Geodesy 

and Cartography. 
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Appendix. Station location documentation: 

 

Klaipeda (KLAI) 

 

Grobina (GROB) 
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Riga (RIGA) 

 

Szczecin (SZCZ) 
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Szczecin (NAWI) 

  

Świnoujście (PETR) 
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Świnoujście (PETR) – opis topograficzny, aktualizacja 07.09.2023 

 


