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Gaussian Processes | Bias – Variance Trade Off

• Bias: an estimator (or interpolation method) is biased if the expected value deviates

from the true value.

• Variance: indicates on average how far the estimates are from the expected value of

the estimates.

• Gaussian Processes allow us to make probabilistic predictions about our data

by solving regressions and probabilistic classification problems

• For a given set of training points, there are potentially infinitely many functions

that fit the data.

• Gaussian Processes assign a probability to each of these functions which allows

to incorporate a confidence interval (uncertainty).

• Inducing Points lower the computational cost of Gaussian Process prediction by

closely modeling only a subset of the input space.



KarboEx2 Project Meeting, 13.10.2025
Univ.-Prof. Florian Wellmann, Ph.D. | Dr. David Nathan, Ph.D. | Daniel Satizabal, M.Sc., Chair of Computational Geoscience, Geothermics and Reservoir Geophysics (CG3)
RWTH Aachen University

3

1-D Case

Seismic Section Inline | Inducing Points n=5 Seismic Section Inline | Inducing Points n=20

Seismic Section Inline | Inducing Points n=10 Seismic Section Inline | Inducing Points n=30
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1-D Case

Seismic Section Inline | Inducing Points n=40 Seismic Section Inline | Inducing Points n=1000

Seismic Section Inline | Inducing Points n=50 Seismic Section Inline (Actual Data) | Inducing Points n=1000



Simple Case: Santonian
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Complex Case: Dickebank
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General Workflow – Down sampling of Data
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Seismic Interpretation

Evaluate ML Model

Pick Points (Seismic Horizons)

Gaussian Process (GeoML) with 

Inducing Points

Inducing Points used as input data for 

GemPy model



Next Steps

KarboEx2 Project Meeting, 13.10.2025
Univ.-Prof. Florian Wellmann, Ph.D. | Dr. David Nathan, Ph.D. | Daniel Satizabal, M.Sc., Chair of Computational Geoscience, Geothermics and Reservoir Geophysics (CG3)
RWTH Aachen University

8

• Increase number of Inducing Points where there are complex structures (red 

rectangle - e.g. faults).

• Where there are no complex structures decrease number of Inducing Points

(black rectangle).

• Apply Gaussian Processes regression with Inducing Points on KarboEx2

seismic data (interpreted horizons once available)

• Perform geological modeling using GemPy (mesh)

• Contribution as a Poster in Der Geothermie Kongress 2025
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