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Equivalent source processing

e Powerful tool in potential field data processing

e |n anutshell:

o Fitalinear model to the data

o Usually with damped least-squares

o Linear model = coefficients for a set of point sources
o Use model to predict data

o Gridding, upward continuation, derivatives, reduction-to-the-pole, etc.

enera COMPUTER-ORIENTED
EGU‘G‘SSG'"*!'VZOZO @@ @ GEOSCIENCE LAB



Controlling parameters

Prediction quality depends mostly on:

1.
2.

Damping parameter
Depth of sources

Location and number of sources

(see next talk by Santiago Soler | EGU2020-549)
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How can we automatically
set these parameters
to maximize accuracy?
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Tuning parameters

Several approaches can be used (some are automated):

e Trialanderror (interpreter bias)
e Analytical solutions (difficult to generalize)
e L-curve (limited to damping parameter)

e Cross-validation (widely used in machine learning)
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Cross-validation g i

Data points

e Givenasetof parameters:  mimcmzon: \H

o Separate datainto :i:}r.-..:-.':’.'.':... =
training and testing NER

o Fiton training data ‘;‘!};“L\.H '; i - Ttg f
o Score on testing data (usually i." .-i ﬁ; : ‘*!\h; ' .' : t

mean square error [MSE]) :°t::":.;!!"! ,’ﬂi : o s
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e The k-fold method:

How to spl

Separate into k
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parts (folds)

Folds {1, 3} Folds {1, 2}

Folds {2, 3}
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Use i-th fold for testing
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Use the rest for training
Repeat foriin{1, ..., k}
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Mean of the k MSEs
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Splitting spatial data
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Measurements tend to be spatially autocorrelated

Evidence from ecology (Roberts et al., 2017) suggests that MSE is
underestimated by cross-validation

Solution is to use blocked cross-validation (Roberts et al., 2017)

Guarantee some distance between training and testing points
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Does cross-validation in
equivalent source processing
also underestimate the
mean square error (MSE)?
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survey 1 survey 2 survey 3 survey 4 survey 5

Synthetic surveys
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survey 6 survey 7

e Sample 100 synthetic

surveys from the grid

(ground truth)

e Eachsurvey has

1500 data points
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Expected MSE distribution

Expected MSE

e Fitequivalent sourceson

each of the 100 surveys zz i
e With the same parameters é s
(regularization, depth, etc) § 10 -
e Calculate MSE against >
ground truth (the grid) ° 20 40 60 80

mean square error (mGal?)
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MSE estimated by cross-validation

MSE from cross-validation for the
100 surveys

k-fold and small block k-fold
underestimate expected median
Large blocks overestimates MSE

Blocks of 10 km are optimal

occurences

MSE from cross-validation

5 10 15 20 25 30
mean square error (mGal?)

[ k-fold
block k-fold (size 5.0 km)
block k-fold (size 10.0 km)
[ block k-fold (size 15.0 km)
—— expected median
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Conclusions

e Cross-validation is an automated way to tune parameters

e Scores are underestimated when using traditional methods
e Blocked cross-validation can solve this issue

e How tochoose the block size?

e Variogram analysis seems to be the answer (Roberts et al., 2017)

e Paperinprogress
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Open-source implementation LIER
iy

Processing and gridding spatial data in Python

e Blocked cross-validation will be

available in next release of Verde

(fatiando.org/verde)
e Youcantryitright now!

(install the development version)

Fatiando a. Terra

Open-source Python tools for Geophysics
www.fatiando.org
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This presentation by Leonardo Uieda is licensed under a

Creative Commons Attribution 4.0 International License.
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