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Background Bathymetry
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Background Airborne Quantum Gravimetry
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Bathymetry Prediction from airborne
gravimetry by Tikhonov Generalized
Inversion
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Bathymetry Prediction — Data Processing
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Regional gravity observations and background-field control data. (a) Gravity
observations available in the Nuuk region and used to construct the regional
background field, including airborne, terrestrial, marine, and IceBridge data. (b)
Background-control gravity values after excluding observations within the fjord
network and removing the EGM-calculated gravity contribution and the RTM terrain
effect.
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Bathymetry Prediction — Data Processing
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Background-field processing and
residual-gravity construction. (a)
Background-control field downward
continued to sea level using
GRAVSOFT. (b) Background field
after 30 km low-pass filtering and
upward continuation to 1,800 m, the
approximate mean airborne-survey

altitude. (c) Airborne and ground
sr'amm; TR _woow e gravity anomalies after removal of
c the constructed background field;
d| these residual anomalies form the
s gravity observations used in the
bathymetric inversion. (d) Ground
gravity data along the fjord.
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Bathymetry Prediction - Method

The bathymetric inverse problem is solved in the spatial domain using an iterative Tikhonov generalized inversion (Tikhonov &
Arsenin, 1977). The starting-depth grid defines vertical rectangular prisms with a constant rock-seawater density contrast of 1.64 g
cm~3. The exact vertical-gravity response of every active prism is evaluated at each observation's original horizontal position and
elevation. This formulation follows the general use of regularization to stabilize ill-conditioned geophysical inverse problems
(Oldenburg et al., 1993; Toushmalani & Saibi, 2015) and uses rectangular-prism gravity responses of the type described by Nagy et al.
(2000).

At each iteration, the full nonlinear prism response is calculated for the current depth model, and the residual vector is
r =d - g(m).

The sensitivity matrix is approximated from the response of a 10 m thick plate added at the base of each active prism. The
dimensionless depth-adjustment vector minimizes

1. Initial depth model z(*) I
2 2 from startingrde;th grid
¢((.'1) = ” Aq - r ”2 + )\ ” q ”2' {2. Compulelullnonlinearpvlsmresponse}‘;
2‘;‘?‘ -
In the implementation, 3. Residua: ) = g — g(z)
(gobs has N, observations)
¥
A = Ngk, e |
v
. . . . . 5. Solve regularized inverse problem ft::rr:l o
where N, is the number of gravity observations. The equivalent normal equations are min [ - AW + L7
(ATA+XL"L)m=A"r
v
(ATA + A.I)q = ATI'. 6. Update depth model:
26D =20 L Az, Az=10m
. S— —
The depth model is updated as P- Mo et |
mp., = Mgy — Azq,
where Az = 10 m. The full prism response is then recomputed and the problem is relinearized. | i s e




Bathymetry Prediction — Results
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UTM 22N northing (km)

Bathymetry Prediction — Results
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Bathymetry Prediction by Al
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Bathymetry Prediction + AI - Background

What to do with the remaining 75% of the globe
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Introduction and Data Files
October 18, 2024

Global Bathymetry Prediction
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Significant improvements (up to
20-30%) compared to traditional
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Methods: Nettleton method

Inverse Nettleton (SIO products)

« Grid available depth soundings.
« Separate into low-pass and high-pass filtered
components (~135 km).

» High-pass filter gravity and downward continue to low-

pass filtered depths.

upward continuation and isostatic compensation
Wavenun'llbﬁ[ )domain
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« Perform a robust linear regression of high-pass

topography and high-pass, downward-continued gravity

in small regions.

gravity/topography (mGal'km)

« Multiply gravity by topography/gravity slope to
predict topography in pass band.

altimeter noise dominates

« Add original low-pass filtered depth.
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P] soundings| Tatellite altimetry ce
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» Force agreement with soundings.
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Methods: AI methods

Neural network — the most general model
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f(x) = g(x"w)
Artificial neuron
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sum activation function
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Flowchart

/ Train, Validation, Test \

/ Input: \ Design find 10% (each 1 degree grid, 2% random
Lat, cos(lon), sin(lon) + 8% far away to the 2%) for Test, do it again find
Topo_low , 10% in the rest for Validation, the rest are test
Dg, Tzz, Xi, Eta —_— [ Qualty )
Filtered Dg, Tzz, Xi, Eta check ->Try to prevent overfit, independent between
\ Topo or Topoband / \ Train, Validation and Test datasets /

!

/ Model: \

s ™~ 4 ) DNN (layers, dropout, normalization,
o early stop and so on, find best main
External P R— Prediction: <€ | hyper parameters based on validation
checking Topobaan+ Topo low and test datasets: layers, learning
Opo rate, dropout rate, regularization
\ / ’ ’ ’
- / \ batch size, epochs) /
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Results: Global Bathymetry Models

Bathymetric Predictions Training Error e« SWOT-derived gravity improves global
e e —L | MU DN bathymetric predictions, especially in

= areas of complex seafloor.

{l g P : , e R , * Five independent ML models produce
T N e R e e e remarkably consistent global predictions
P TR0 it o BRRPNIR Z2 L = T BT, T e B with accuracy improvements of 23-46%

R e ] B 7 g BN L A over classical methods.

* The greatest improvements are at the

st SRR g e summits of seamounts and the deep
DTU DKL IO T E S i TOURRNE W

ocean trenches.

Sandwell, D., Phrampus, B.J., Salajegheh, F., Nilsson, B., Lu,
B., Yu, Y., Harper, H., Andersen, O.B., Smith, W., Elmore, P.
and Kirby, J., 2026. Bathymetry prediction with SWOT gravity
anomaly using machine learning methods: Paper 1-model
development. Journal of Geophysical Research: Solid
Earth, 131(8), p.e2025JB032798.

Nilsson, B., Phrampus, B.J.,, Salajegheh, F., Lu, B., Yu, Y.,
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J.F. and Altamirano, L., 2026. Bathymetry prediction with
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Bathymetry Prediction — AI -Greenland

Quantum Gravity Anomalies over Nuuk
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Relevant Works
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TAKE HOME

Conventional geodetic methods remain essential, providing the physical basis,
constraints, and interpretability needed to support Al-driven approaches.

Al is a powerful tool, but not a replacement for physics. Geodesists can make
Al more reliable, interpretable, and effective by integrating mathematical and
physical knowledge.

Quantum sensing and quantum technologies represent an important emerging
direction in geodesy, with strong potential for future gravity and navigation
applications.

In the Al era, high-quality geodetic data will become increasingly critical.
Better data, together with physical knowledge, will ultimately determine the
reliability of Al-based geoscience.

Bathymetry prediction still requires further advances, particularly in data
c?cveragg AL\JIncertalnty quantification, multi-source mtegratlon and physics-
informe

Geodesy must continue to identify and develop new scientific and
technological frontiers, connecting fundamental physics, Earth observation, Al,
and emerging sensing technologies.
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