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Abstract
Uncertainty quanti�cation is an important topic for many environmental studies, such as identifying
zones where potentially toxic materials exist in the soil. In this work, the nonparametric geostatistical
framework of histogram via entropy reduction (HER) is adapted to address local and spatial uncertainty
in the context of risk of soil contamination. HER works with empirical probability distributions, coupling
information theory and probability aggregation methods to estimate conditional distributions, which
gives it the �exibility to be tailored for different data and application purposes. To explore the method
adaptation for handling estimations of threshold-exceeding probabilities, it is used to map the risk of soil
contamination by lead in the well-known dataset of the region of Swiss Jura. Its results are compared to
indicator kriging (IK) and to an ordinary kriging (OK) model available in literature. For the analyzed
dataset, IK and HER achieved the best performance and exhibited comparable accuracy and precision of
their predictions. When compared to IK, HER has shown to be a unique approach for dealing with
uncertainty estimation in a �ne resolution, without the need of modeling multiple indicator variograms,
correcting order-relation violations, or de�ning interpolation/extrapolation of distribution. Finally, to avoid
the well-known smoothing effect when using point estimations (this is the case with kriging, but also with
HER) and to provide maps that re�ect the spatial �uctuation of the revealed reality, we demonstrate how
HER can be used in combination with sequential simulation to assess spatial uncertainty (uncertainty
jointly over several locations).
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Figure 1

Characterization of spatial correlation. (a) 𝚫𝒛 PMFs of the classes and full dataset, (b) infogram, and (c)
practical example. 2.2.2 Probability aggregation

Figure 2

Optimization problem. (a) Maximizing the probability of the 'true' observation (Thiesen et al. 2020) and
(b) maximizing the estimation of threshold-exceeding probability.
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Figure 3

Logarithm of Pb of the calibration set. (a) Concentration, (b) histogram, and (c) cumulative distribution.
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Figure 4

E-type map. (a) HER method, and (b) IK method.
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Figure 5

Local uncertainty via Entropy map. (a) HER method, and (b) IK method.

Figure 6

Probability of exceeding the critical threshold (𝒛𝐜=𝟏.𝟔𝟗𝟗). (a) HER method, and (b) IK method.
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Figure 7

Classi�cation of locations as contaminated by Pb on the basis that the probability of exceeding the
critical threshold 𝒛𝐜 is larger than the marginal probability of contamination (0.421). (a) HER method,
and (b) IK method.
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Figure 8

Local distribution of targets of the validation set (targets A to D) and grid (targets E and F) for HER (gray)
and IK (red). Targets are identi�ed by their coordinates (x,y). The location of each target is shown in a
buffer of 600 m by 600 m.
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Figure 9

HER con�dence interval (CI) of the SW-NE cross section (identi�ed in Fig. 3a).

Figure 10

OK, IK, and HER performance. (a) Proportion of the true Pb values falling within the probability intervals
(𝒑-PI) of increasing sizes, and (b) width of these intervals versus 𝒑-PI. The goodness statistic (𝑮)
quantify the similarity between the expected and observed proportions in the accuracy plots.
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Figure 11

Ergodic �uctuations of 100 realizations generated with HERs. (a) Infogram and (b) scatterplot of the
mean and entropy values.

Figure 12

Realizations generated using HERs. (a) Realization #42 and (b) realization #94. Simulation grid size of
0.05 km x 0.05 km.


