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Evaluating the Accuracy of Ensemble Machine Learning and Statistical Uncertainty
Spatial Prediction of Topsoil Thickness in Iowa

Topsoil thickness is a key indicator of soil health 
and productivity for Iowa agricultural soils.1,2

Digital soil mapping leverages machine learning 
and remote-sensed terrain data to model and 
predict the spatial distribution of soil properties.9

To reduce overfitting bias, ensemble learning 
aggregates multiple weak machine-learning 
models into one, unified, stronger model.7

Ensemble model accuracy and uncertainty is 
determined by testing a subset of the samples 
(cross-validation) and is susceptible to 
overfitting.7

To estimate model uncertainty, bootstrap 
ensemble learning iteratively trains models at 
random and generates a distribution of 
prediction realizations.7, 8

Key Concepts

Problem

An independent validation (IV) test set provides 
insight into model robustness.10

Objectives

1. Test which ensemble method is most 
robust. 

• Bootstrapped and bagged (mean of 10 
realizations).

• Bootstrapped and boosted (weighted mean)
• 10-fold cross-validation (CV) boosted (adaptive 

ensemble)
2. Determine how many independent 

validation observations lie within the 
90% prediction interval.

Experimental Design

Results

Emmet (T99N R34W) n = 23 Webster (T89N R29W) n = 12 Boone (T83N R25W) n = 19

Geographic extent of 912 model training observations on the Des Moines Lobe (orange hues - left) 
and independent validation townships (red squares) with 54 test observations in three Des Moines 
Lobe physiographic subregions (Algona, Altamont, & Bemis till plains) (right).3,4

Independent validation townships and observations (green) overlain on a digital hillslope position map.13

Eight examples of the 624 digital terrain derivatives (DTDs) generated as predictors of topsoil thickness. 11, 12

Cubist Algorithm Ensemble17 Accuracy Metrics
R2 MAE RMSE RE CCC

Bootstrapped-Bagged
Goodness of fit 0.85 5.0 cm -- -- --
Independent Validation 0.05 28.7 cm 47.9 cm 83% 0.12

Bootstrapped-Boosted
Goodness of fit 0.49 14.2 cm -- -- --
Tuning fit 0.29 16.8 cm 24.6 cm 15% --
Independent Validation 0.08 29.1 cm 48.2 cm 51% 0.14

CV-Boosted
Goodness of fit 0.49 14.2 cm -- -- --
Tuning fit 0.37 15.2 cm 22.8 cm 7% --
Independent Validation 0.18 26.5 cm 45.5 cm 46% 0.24
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MAE = Mean Absolute Error; RMSE = Root Mean Squared Error; CCC = Concordance Correlation Coefficient; RE = Relative Error (vs. Goodness of fit)

The bootstrapped-bagged prediction of topsoil thickness (left) and the prediction interval width of the 
10 bootstrapped realizations (right).

Conclusions

1. The CV-boosted ensemble model had 
the most robust spatial prediction of 
topsoil thickness. 

2. Slightly over half of the IV 
observations were within the 90% 
prediction interval.

3. Uncertainty is low in uplands and 
high in fluvial & pluvial areas.
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