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NKG gravity DB: “Off-shore” data in NKG area

Measurement techniques

• Measurements on sea ice
• Sea bottom gravimetry 
• Old marine gravimetry
• Modern marine gravimetry (dedicated, automated)
• Airborne gravimetry 
• INS/IMU gravimetry
• Gravimetry from satellite altimetry
• …….



NKG gravity DB: “Off-shore” data in NKG area

Relevant recent regional projects

• ……
• NKG2015     (lead: Jonas Ågren, LM, Sweden)
• FAMOS        (lead: Jonas Ågren, LM, Sweden)
• FAMOS ext. (lead: Joachim Schwabe, BKG, Germany)
• BSCD2000  (lead: Joachim Schwabe, BKG, Germany)
• BalMarGrav (lead: Monika Wilde-Piórko, IGiK, Poland)
• NKG202X    (lead: Ove C.D. Omang, KV, Norway)
• ………………………



Schwabe et al., 2026
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Marine Gravimetry Fundamentals

ref refg rg rα  = + − 

( )ref efg rg r cg rα  = + − − 

( ) ( ),0 0ref ref refggg c rr γγα  ∆ = + − − −∆ − 

2D with assumption                       for orthometric heights   (RTK in harbor)  refH H=

3D with  measured ellipsoidal sensor height      and          (GNSS)h refh

Fundamental equation of relative gravimetry

gc
r uncorrected reading

total correction budget
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Data Processing: a Personal Take
Corrections of marine gravimeter                                           corrected
readings                                                                                     reading

“Standard modelling methods”
• Standard corrections: filtering, Eötvos correction
• Imposed gravimeter drift model based on land measurements in harbors
• Marine areas: (subjective) separation of signal from residual noise for survey lines
• Stand-alone and independent survey by survey modelling (My take: questionable)

My take
• Standard corrections: filtering, Eötvos correction
• Control of reference level (and gravimeter drift at sea) using FA from satellite altimetry
• Proximity principle: results for locations in the vicinity must be the same
• Validation: Qualitative comparison with FA from satellite altimetry and 
     consistency with control measurements on-shore
 

“Perfect correction” = “implemented correction” + “unmodelled correction”, 

Modelling Requirement: “unmodelled correction” must be insignificant.
Relative verification:       insignificant misfit at crossings of survey lines

gr cr= −



Test of AT1A marine gravimeter onboard a 
commercial ferry

AT1A from Dynamic Gravity Systems (DgS), USA is a 
(ZLS) airborne/marine gravimeter. A loan from NGA, USA



Test of AT1A marine gravimeter onboard a 
commercial ferry

DTU, Kgs. Lyngby, “Gagarin” station



Test of AT1A marine gravimeter onboard a 
commercial ferry

Køge, Trailer/Autocamper  Parking



Test of AT1A marine gravimeter onboard a 
commercial ferry

Installation onboard the ferry boat
Left: Space1 near power supply
Right: Our GNSS antenna on top
           of the ferry boat 



Test of AT1A marine gravimeter onboard a 
commercial ferry

Rønne, Bornholm, harbor tie



Test of AT1A marine gravimeter onboard a 
commercial ferry

2D navigation



Test of AT1A marine gravimeter onboard a 
commercial ferry

Raw 10Hz marine gravimeter data



Test of AT1A marine gravimeter onboard a 
commercial ferry

Filtered gravity data; (arbitrary) bias: -12550 CU



Test of AT1A marine gravimeter onboard a 
commercial ferry
“Sanity check” combining land and marine  
information: “rough 3D-model” in harbors.

( )Køge KøgeA Køge
pier ferry pier

KøgeA
ferry H r r

h
Hγ α∂  − ≈ − ∂
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Use the above and models to get consistent:
, , ,KøgeA KøgeA KøgeA KøgeA

ferry ferry ferryg g gζ δ∆

2D transfer of FA from KøgeA to RønneA:

Is the result consistent with            from a land tie? 
                                                     Answer:   Yes!

RønneA
pierg∆



Test of AT1A marine gravimeter onboard a 
commercial ferry

56.921RønneA
arrivalh m≈

57.287RønneA
departureh m≈

RønneA, antenna position changed (red->blue)



Test of AT1A marine gravimeter onboard a 
commercial ferry

coupled records: distance threshold 20 m



Test of AT1A marine gravimeter onboard a 
commercial ferry

coupled records: distance threshold 100 m



Test of AT1A marine gravimeter onboard a 
commercial ferry

coupled records: distance threshold 1000 m



Test of AT1A marine gravimeter onboard a 
commercial ferry

Eötvos correction from GNSS navigation data



Start with 2D pFA equation:

Rework it slightly:

To get a “bias”:

Test of AT1A marine gravimeter onboard a 
commercial ferry

( ) ( ),0 0ref ref refggg c rr γγα  ∆ = + − − −∆ − 

( ) ( ) ( )00 ,ref ref refgr rgg cα α γγ∆ −∆ ⋅= − + − −

( ) ( )0,0 ,g refrbg cα γγ∆ = + − − −

The possibly “controversial part”

ref refb g rα∆ ⋅= −

( )0,0,1, legA startref tα γγ= =



Test of AT1A marine gravimeter onboard a 
commercial ferry

      correction    : “filtering”+Eötvos

( ) ( )0 0, fg rebg r cα γ γ∆ = + − − −

( )12550 CUb ≈ −
gc



Test of AT1A marine gravimeter onboard a 
commercial ferry

      correction    : “filtering”+Eötvos

( ) ( )0 0, fg rebg r cα γ γ∆ = + − − −

( )12550 57 12607 CUb ≈ − − = −
gc



Test of AT1A marine gravimeter onboard a 
commercial ferry

Johan and Dagmar model LegB: RønneA-SassnitzA



Test of AT1A marine gravimeter onboard a 
commercial ferry

Johan and Dagmar model interpretation detail LegB: 
                                     RønneA-SassnitzA



Test of AT1A marine gravimeter onboard a 
commercial ferry

Eötvos correction from GNSS navigation data



Test of AT1A marine gravimeter onboard a 
commercial ferry

Gabriel model LegA: KøgeA-RønneA



Test of AT1A marine gravimeter onboard a 
commercial ferry

Gabriel model LegB: RønneA-SassnitzA



Test of AT1A marine gravimeter onboard a 
commercial ferry

Johan and Dagmar model LegC: SassnitzA-RønneB



Test of AT1A marine gravimeter onboard a 
commercial ferry

Gabriel model LegD: RønneB-KøgeB



Marine gravimetry: Takeaway

• We show that even weakly controlled opportunity marine 
gravity surveys can yield high-quality results.

• In modelling we focus on marine areas and to a lesser 
degree on control measurements on land.

• Free-air gravity anomalies (FA) from altimetry, such as 
DTU23 and DTU26, are used to establish “the constant 
level” of the results by “matching the signals”.

• The general trend of survey results look much like the 
one for DTU FA models but seem to contain more 
details. The details are confirmed on parallel lines 
(proximity principle) and by 3D marine surveys.



Marine gravimetry: Takeaway (continue)

• Advice to modellers: Keep the original gravity and 
navigation data for possible “revisiting”!

• FA models from satellite altimetry are good, but we see 
more details in marine gravimetry – if processed 
correctly.

                                   Thank you!
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