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Extremely Randomized Trees Estimation of Soil Heavy Metal
Content by Fusing Spectra and Spatial Features
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Abstract: Aiming at the problems of weak spectral characteristic information and poor robustness of
model inversion in the estimation of soil heavy metal content by hyperspectral remote sensing, it was
proposed to construct spatial features of pollution source and sink to quantify the spatial influence factors
of pollutant diffusion and aggregation, and integrate the spectral features to establish the estimation model
of soil heavy metal content based on extremely randomized trees ( ERT). Taking the cultivated soil of
Jiyuan City as the study area, totally 249 soil samples were collected. The effectiveness and influence
mechanism of spectral features, topographic features and spatial features of pollution sources in the
inversion of soil heavy metal Pb and Cd were analyzed. The multi-source characteristics were optimized
by permutation importance index, and the prediction accuracy of ERT model was evaluated by comparing
with various regression models. The research showed that the ERT model constructed from the
transformed soil spectral features can achieve a certain inversion accuracy, and the accuracy was
significantly improved after the introduction of topographic features and spatial features of pollution
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sources. In particular, the advantage of the spatial features of pollution sources was more obvious, the
RMSE of Pb ERT model was decreased from 43. 185 mg/kg to 22. 301 mg/kg, with decrease of 48. 36% ,
the RMSE of Cd ERT model was decreased from 0. 738 mg/kg to 0. 371 mg/kg, with down of 49. 73% ,
which fully demonstrated the effectiveness of the pollution diffusion spatial features. The results of multi-
feature combination modeling experiments showed that the features with the high permutation importance
index were the spatial features of the pollution source, followed by the spectral features. In the research,
the estimation model established by using the selected features of the permutation importance index was
very close to the optimal modeling accuracy when all the features were used, which showed the
effectiveness of the feature screening method based on the permutation importance index. Compared with
regression models such as MLR, SVM, RF, and GBDT, the ERT estimation model had obvious
advantages in the evaluation of various indicators. The R* value of the Pb ERT model in the test set
reached 0. 964 , and the R® value of the Cd ERT model was 0. 923. The experimental results showed that
the introduction of the pollutant diffusion spatial features and the fusion of spectral features to construct
ERT model to estimate soil heavy metal content had high accuracy and certain popularization and
application value.

Key words: soil; heavy metal; hyperspectral remote sensing; spatial features; extremely randomized
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Tab.2 Comparison of precision of soil heavy metal Pb and Cd inversion with different regression models and

modeling features

AR R o e

R? RMSE/(mg-kg™') RPD Cvs R? RMSE/(mg-kg™') RPD CVvsS

MLR 0. 679 65.751 1.764  0.634  0.448 0.938 1.346  0.257

SVM 0. 655 68. 112 1.703  0.395  0.694 0.794 1.808  0.529

i RF 0. 838 46. 663 2.486 0.664  0.636 0. 866 1.658  0.413
GBDT 0.833 47.339 2.451  0.636  0.591 0.918 1.564  0.415

ERT 0. 861 43.185 2.686 0.738  0.736 0.738 1.945  0.523

MLR 0.671 66. 525 1.744  0.522  0.477 0. 839 1.382  0.192

SVM 0. 684 65. 189 1.780 0.379  0.754 0. 626 2.017 0.534

JEiE + M RF 0. 851 44.770 2.591  0.718  0.796 0.570 2.216  0.487
GBDT 0.910 34.871 3.327  0.765  0.783 0. 588 2.148  0.485

ERT 0.912 34.338 3.378  0.798  0.800 0. 564 2.238  0.589

MLR 0. 887 39. 054 2.970  0.667  0.557 0. 840 1.503  0.312

SVM 0.783 54. 089 2.145  0.519  0.866 0. 462 2.734  0.600

Hig + 251 RF 0. 954 24.936 4.652  0.863 0. 893 0.414 3.052  0.665
GBDT 0.956 24.292 4.775 0.875  0.885 0. 429 2.943  0.683

ERT 0.963 22.301 5.202  0.880  0.914 0.371 3.403  0.727

MLR 0. 860 43. 462 2.669 0.534  0.483 0. 908 1.390  0.087

SVM 0.746 58.433 1.985 0.488  0.816 0. 541 2.334  0.581

S + 25 ] + M RF 0.952 25.398 4.568  0.871 0.919 0. 360 3.507  0.661
GBDT 0.954 24. 886 4.661 0.878  0.885 0. 428 2.947  0.693

ERT 0. 964 22.081 5.254  0.888  0.928 0. 340 3.715  0.720

MLR 0. 860 43.462 2.669 0.534  0.483 0.908 1.390  0.087

SVM 0.746 58.434 1.985 0.488  0.816 0. 541 2.334  0.581

A R RO S AR RF 0.951 25.739 4.507 0.878  0.906 0. 386 3.270  0.680
GBDT 0.957 24. 041 4.825 0.875  0.880 0. 437 2.891  0.694

ERT 0. 964 21.912 5.294  0.895  0.923 0. 349 3.613  0.718
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