Development of objective functions to improve visual
acceptability of SFO optimisations to soil residue data
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INTRODUCTION
The degradation half-life (DegT50) of a substance in soil plays an important role in the approval process of a plant protection product. The DegT50 is a sensitive input
parameter for regulatory models. It is usually derived through least squares optimisations of mathematical models to observed residues of a degrading substance
according to FOCUS kinetics guidance1. The DegT50 of a substance for regulatory modelling is preferably derived from a single first order (SFO) function as it is compatible
with the functions currently implemented in surface water and groundwater models. However, kinetic optimisation tools do not always provide an acceptable SFO fit even
though a visual inspection of the data suggests it may be possible.

Can we achieve more acceptable SFO fits by adapting
the objective function that is minimised during the optimisation
THE OBJECTIVE FUNCTIONS
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Fig.2: Errors RMS and ODR at
𝑡𝑥 are then weighted by:

Fig. 1: Two different error
estimates are used in the
objective function: RMS
(Root Mean Square error)
and ODR (Orthogonal
Distance Regression /
perpendicular error) at
every measured time point
𝑡𝑥 .
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Fig. 3: The combinations of
the errors RMS and ODR
with different weights
define 8 different objective
functions which result in 8
different optimal fits:
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3P (3 time points) is
visualised in this figure.

THE ASSESSMENT AND RESULTS
Visual Assessment

Statistical Assessment
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The Scaled and Weighted Area
under the Residual Curve (SWARC)
criterion2, as utilized in proposed
revisions to kinetic guidance, was
used to statistically compare fits
that result from different objective
functions. The analysis shows that
some objective functions result in
a lower SWARC value than the
default RMS objective function (as
used in FOCUS kinetics).
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Fig. 4: SWARC is the
weighted sum of the single
blocks,
normalised
by
duration (figure from Witt et
al., 2018).

Fig. 5: „SWARC score“ of fits that result from the 8 different objective
functions (Root Mean Square error (RMS) and Orthogonal Distance
Regression (ODR) with different weights) for various compounds/soils.
X highlights those fits with a SWARC >40 which indicates a systematic
deviation from SFO 2.

A phone app (kinder) was
developed to allow for the rapid
visual assessment of single first
order curves for systematic
deviation. The fits and their
residuals
were
presented
randomly and anonymously. The
visual assessments collected with
the app shows that some fits are
rejected with the default RMS but
accepted with an alternative
objective function.
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Fig. 6: Screenshot of the
kinder app

Fig. 7: Visual interpretation on the goodness of fits that result from the 8
different objective functions for various compounds/soils.
X highlights those fits with a SWARC >40 which indicates a systematic
deviation from SFO 2.

DISCUSSION
Both visual and statistical metrics
show that weighting has potential
to improve acceptance of SFO fits.
This study could form the basis for
developing guidance on appropriate
weighting of kinetic datasets. ODR
error calculation also improves
acceptance of some SFO fits and
could be particularly useful when
including metabolite formation.
Future work will focus on increased
volume of fitted datasets, inclusion
of metabolites, adding more visual
assessors, as well as considering
“best fit” kinetics. The potential for
machine
learning
to
assess
“goodness of fit” within kinetic
assessments will also be investigated.
Please, join in and start swiping in
our kinder app to build data
volume.
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